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BCTYII

Mixkponpouecopu (MII) i mikponpouecopni cucremu (MIIC) € B
JaHW| dYac HaWOUIbII MacoBHMH 3aco0aMu OOYMCIIIOBANBHOI TEXHIKH.
ITlicns mosBum mepmux MII y 1971 p., 9ucio HOBUX PO3POOOK
Mikponpouecopaux BIC nponoskye 0e3ynuHHO 301bITyBaTUCS.

JocBix po3poOKHM pi3HUX CHCTEM IOKa3aB, L0 oyikyBaHa Bim MII
VHIBEpCANIBHICTh € B 3Ha4HIA Mipi oOMexeHo10. Pi3HOMaHITHICTH
Mikpomnpouecopuux bIC, mo Bupaxkaerbes B ix pi3HIA 0a30Bil TEXHOJIOTI,
apxiTeKTypi, TEXHIYHMX XapaKTePHCTHKaxX IOCTaBWIO po3po0ioBayiB
nudpoBUX cHcTeM — Teped CKIATHUMH TpoOiieMaMH, a came: sKi
0COOJMBOCTI LBOTO KJacy MHPUCTPOIB 1 TEHAEHII HOro PO3BUTKY, UUM
BiJPI3HSAETbCS BUKOPUCTAaHHS MOTYTHiIX Mikpo-EOM Bin 3acrocyBaHHs
MiHi-EOM, sik mpoekTyBatu cuctemu Ha ocHOBI MII, y yoMy momsararmoTtsb
O0COOJIMBOCTI TIAXOMIB O PO3POOKH MPOTPAaMHOTO 3a0e3MeUeHHsT MiKpo-
EOM i GaraTo iHmMX.

Pimenns mux mpobieM BUMarae Bifl po3pOOHHKA CHCTEM TIIMOOKHX
3HaHb mudpoBoi obuncmoBansHoi TexHikn (OT), BKIFOYatOUN TeXHIYHI i
ANTOPUTMIYHI TWTaHHSA, TpencTaBieHHs ocoOmmBocrer MII BIC, a
TOJIOBHE JIOCBiAy po3poOku cucteM Ha ocHoBi MII.

Kypc "Mikpomnporiecopra TexHika" BHBYAETHCA TMPOTATOM OJHOTO
ceMecTpy.

B pesynbraTi BUBYSHHS TUCHUIUTIHU CTYJCHT IOBUHHUHN 3HATH:

-XapakTepUCTUKU 1 MapaMeTpu, YMOBHI rpadidHi 300pa)keHHS i
TIPUHIIAT /i1 OCHOBHUX PI3HOBHIIB MIKPOIIPOIIECOPIB i MIKPOKOHTPOJIEPIB;

-mpuHIUNKA ~ 1oOynoBu  Mikpo-EOM  Ha  OCHOBI  pi3HHX
MiKPOIPOLIECOPHUX KOMIUIEKTIB;

-METOJIMKY aHaJlizy 1 BHOOpPY ONTHMAaIbHOTO TEXHIYHOTO PillleHHS;

-CHCTEMH KOMAaHJ MIKpPOMPOIIECOPIB 1 TpaBWwiIa  CKJIaJaHHS
nporpamHoro 3adesneveHHss PEA Ha 0CHOBI MIKpOTIPOLIECOPHUX CHCTEM;

-Cy4acHUH CTaH MIKpOIMPONECOPHOi 1 KOMITIOTEPHOI TEXHIKH 1
MEPCIEKTUBU IXHBOI'O PO3BUTKY.



MNIATOTOBKA JO MPOBEJAEHHS
NMPAKTUYHOI POBOTH TA O®OPMJIEHHS 3BITY

[IpaktnaHa  poboTa  BKIIOYAE  CaMOCTIMHE  OIpAITIOBaHHS
TEOPETHUYHOTO MaTepiaiy, BUBYCHHS JOKYMEHTAIll 3 amapaTHUX 3aco0iB,
METOAMK TPOBEACHHS PO3PaxXyHKiB, NPOTrpaMyBaHHS 1 MOJEIIOBAHHA,
00p0oOKy 1 iHTepHpeTario pe3yasTaTiB. [Ipyn BUKOHAHHI TPAKTUIHUX POOIT
Heo0XiIHO:

- MIroTyBaTHCS IO  €KCHOPEC-OMHTYBaHHS 3  TEOPETUYHOTO
Marepiany, HeoOXiTHOTO UIi BUKOHAHHS POOOTH (II00 OTpUMATH TOIYCK
110 1abopaTopHOi POOOTH);

- MAroTyBaTd i 0QOPMHUTH IJIaH BUKOHAHHS MPAaKTUYHOI POOOTH;

- micas BHUKOHAHHA MPOKTHYHOI pPOOOTH TMPOBECTH HEOOXimHi
pO3paxyHKH i 0OPMHUTH 3BIiT, SKUH TOBUHEH MiCTHTH:

a) TUTYJIbHHU apkym (nuB. JomaTok A);

0) Mety poboTH;

B) OIIHC CJIIOBaMU;

I) aJIrOpUTM POOOTH Y BUTIIAII OJIOK CXEMH;

) HEeoOXiIHI MaTeMaTU4HiI po3paxyHKH POOOTH HPUCTPOIO;
€) TEeKCT po3po0JIeHOT Iporpamu;

) OCHOBHI pe3yJIbTaTH MOAEIIOBAHHS IPUCTPOIO;

3) CTHUCIIi BACHOBKH IO POOOTI, B SIKUX:

- BKa3aTH, IO JOCIiIKYyBaloCh;

- BKa3aTH METOJIMKY (UM METO]T) TOCIiIKEHHS;

- BKa3aTH OCOOJIMBOCTI aJITOPUTMY POOOTH IMPUCTPOIO;

- BU3HAYUTH XapakTep poOOTH MPUCTPOIO MPU MOAETIOBAHHI;

- Bi/BHAYUTH TOMIOHICTP 1  BIAMIHHICTE  pe3yNbTaTiB
MOJISITIOBAHHSI BiJ] TCOPETUYHUX JaHUX;

- 3[aTH 3BIT 3 BUKOHAHOI MPAaKTHYHOI poOOTH Ta BiNMOBICTH
HAa 3aMuTaHHs BUKJIaga4da (OTpUMATH 3aliK 32 BUKOHaHY poOoTy).



1. IPAKTUYHA POBOTA Nel
«IIPEJCTABJIEHHA JTAHHUX Y MIIC»

Mera — Mikpomporecopra cuctema, ¢opMar TpenCcTaBICHHS
6azoBux ganux y MIIC.

1.1 OcHoBHi BU3HAYEHHS

Mikponpomecop (MII) — mue wmikpocxema a00 CyKYIHICTb
HEBEIMKOTO 4YHClIa MiKpocxeM (BiAMOBIMHO onawH abo  JeKiibKa
kpucctayutis BIC), mo BHKOHye Haj AaHHUMH apu(PMETHUHI Ta JIOTIYHI
orepariii i 34iiiCHIOE TporpaMHe KEPyBaHHS 0OYNCIIOBAILHIM MPOIIECOM.

MikponpouecopHi 3aco0M BUIIYCKalOTbCS IMPOMHCIOBICTIO Y
BUIJIAAI HabopiB MukpocxeM (chip-set), cyMiCHUX 3a pIiBHIMH HaIpyru
JKUBJIEHHS, CUTHAJIIB 1 MpeAcTaBlieHHs iH(opmamii, mo Bkmoyaots MII,
MIKpOCXEMH  ONepaTHMBHOI  Ta  TOCTIHHOI  mam'sTi,  yIpaBIiHHA
BBOJIOM/BHBOJIOM, T€HEPATOPOM TAaKTOBUX CHUTHAJIIB Ta iH.

Mikpomporieccopu (MiKpOTIPOIIECOpHI 3aco0n) CITy’)kKaTh OCHOBOIO
IUIL CTBOPEHHS PI3HMX YHIBEpCalbHHX Ta CIeliaii3oBaHUX Mikpo-EOM,
MIKpPOIPOLIECOPHHUX 1H(POPMALiTHO-KEPYIOUMX CUCTEM, HpPOrpaMOBaHUX
MIKpPOKOHTPOJIEPiB, PI3HOMAHITHUX MIKPOMPOIECOPHUX TPWIALIB Ta
MIPUCTPOIB KOHTPOJIIO, KEPYBAHHS Ta 0OPOOKHU JaHUX.

Mikpo-EBM a0 MikpokoMn'ioTepoM Ha3MBalOTh HPHUCTPIi
0o0poOKM HaHWX, M0 MICTUTh OXWH abo Kiibka MikpomporecopiB, BIC
MOCTiHO1 Ta oneparuBHOi Tam'ati, BIC kepyBaHHS BBEJICHHSIM Ta BUXOIOM
iHpopMalii Ta NESIKUMH IHIIUMH cXeMaMH. MIKpOKOMI'IOTEp TaKoro
CKJamy 1HOAI Ha3WBalOTh 'TOMMM'" dYepe3 BIACYTHICTh Y HBOTO
nepudepiitaux mpuctpoiB (3oBHImHIX 3II Ta mpHCTpoiB BBemeHHS Ta
BUBe/eHHs iH(opmarii). Mikpokommn'iorepu B Takiii koHQirypamii gacro
3aCTOCOBYIOTBCS SIK BOYZIOBaHI B pi3HI BepcTaTH, MAllMHH, TEXHOJIOTiUHi
MIPOIIECH KePYIOUHX MPUCTPOIB (KOHTPOJIEPIB).

MiKpOKOMITIOTEpH HMIMPOKOTO MPU3HAYECHHS, III0 BUKOPUCTOBYIOTHCS
IUIl  BUKOHAHHA OOYMCIIIOBAIBHUX POOIT, YNpaBIiHHSA CKIaIHHUMHU
TEXHOJIOTIYHUMH TIPOIIECaMH, OCHAIICHI HEeOOXimHMMHU TmepudepiiHuMU
IPUCTPOSIMU  (AUCIUIESIMH, IIPYKOBAaHUMH IPUCTPOSIMH, 3Y Ha THYUYKHX
JICKaxX, aHaIoro-u(poBUMH Ta MU(PPOAHATOTOBEIMU NEPETBOPIOBAYAMHU
TOIIIO).



MikponponecopHorw cucremoro (MIIC) 3a3Buyail Ha3MBaIOThH
criertianizoBany iHpopMaIliiHy abo yIpaBIISIOqy CHCTEMY, ITOOyIOBaHy Ha
OCHOBI MIKPOIPOIIECOPHHX 3aCO0IB.

MiKpOKOMITEIOTEP 3 HEBEIMKHMHU OOYHCIIOBAIBHUMHU pecypcamu i
CIIPOIIEHOI0 CHCTEMOI0 KOMAaHJ, OpI€HTOBaHWMH HE Ha BHPOOHHUIITBO
o04mcneHb, a HAa BUKOHAHHSI MPOLEAYP JIOTIYHOTO  YHPABIIHHA

1HAWBIAYJIbHUM o0agHaHHM, Ha3UBaIOTh MPOTPaMOBaHUM
MiKPOKOHTPOJIJIEPOM a00 MPOCTO MHKPOKOHTPOJIIIEPOM.

Jloriuna OpraHizamis (apxitextypa) MIKpOIIPOIIECOPiB
(MiKpOTIPOIIECOPHUX 3ac00iB) OpieHTOBaHa Ha JIOCATHEHHS
YHIBEpPCaJIbHOCTI 3aCTOCYBaHHH, BHUCOKO{ MPOAYKTHUBHICTI i
TEXHOJIOT1YHICTI.

VYuiBepcansHicTh MII (MikpomponecopHUX 3aco0iB) BH3HAYAETHCS
MOJKJIMBICTIO iX PI3HOMAHITHOTO 3acCTOCYBaHHS 1 3a0€3MeUyrOThCS Mpo-
IporpaMHuM ympasiaiHHAM MII, mo no3Boise BUKOHYBaTH MPOrpaMHE
HamamTyBaHHs MII Ha BuKOHaHHA TmeBHOI (YHKIIN, MaricTpaibHO-
MOJYJbHUH TMPUHLIWI MOOYIOBH, a TAKOXK CICIiaIbHUMHU —anapaTyphHO-
JOTTYHUMH 3aco0amu: HaJONepaTUBHAsl ~ PEECTpoBa  MaM'SITh,
0araTopiBHEBOIO CHCTEMOIO TMEPEpPHBaHb, MPSMUM JOCTYIIOM JO MaM'sTi,
MpOrpaMHO-HAJIAITOBYBAHUMHU 3aC00aMH KepyBaHHS BBOJIOM/BHBOJIOM 1 T.
.

BignocHo Bucoka nponykruBHicTe MII nocsiraeTbesi BUKOPUCTAHHIM
JUIsT iX MOOYMOBM MIBUAKOMIIOYMX BEIMKUX 1 HAABEIHKUX IHTETpaTbHUX
CJIEKTPOHHUX CXEM 1 CIeliaJbHUX apXiTeKTypHHUX pillleHb, TaKuX SK
CTEKOBa MaM'siThb, PI3HOMAHITHUMHM METOAAMHU ajpecalii, THyYKOIO
CUCTEMOIO KOMaH/I (200 MIKpOKOMaHJ) 1 iH.

TeXHONOTIYHICT, ~ MIKPOTPOLIECOPHUX  3ac0o0iB  3a0e3meuyeThest
MOJYJIbHUM TNPUHLHUIIOM KOHCTPYIOBaHHsI, SIKMM mependavyae peanizawilo
oux 3aco0iB y BUMsini HaOopy ¢yHKIioHanbHI 3akiHueHunx BIC, mo
POCTO OO0'€HYETHCS Y BiANOBIAHOMHUX OOYMCIIOBAIBHUX MPHUCTPOSIX,
MaIllMHax 1 KOMIIEKCaXx.

Bucoxka yHiBepcanbHICTh 1 THy4KicTh MII, sika mocsiraeThes 3aBAsSKH
MpOTpaMHOMY  YIIpaBJIiHHIO, HH3bKa BapTICTh, HEBEIUKI PO3MIpH,
MiZBHIICHA HAMIMHICTh, MOXJIMBICTH BOYJOBYBaHHS MiKpOIIPOIECOPHUX
3aco0iB B mpuijanax, MallMHAaX 1 TEXHOJOTIYHHMX Mpolecax, 3abe3nedroe
MIKpOIIpoIIecopaM BHKJIIOYHO IIMHPOKE 3aCTOCYBaHHSA B PI3HOMaHITHHUX
MIPUCTPOSIX 1 CUCTEMax KepyBaHHS Ta OOpOOKH TaHHUX.



BukopucTaHHS MiKpONpPOLECOpiB MPU3BOAUTH 10 3MIHH XapakTepy
MPOEKTHOI POOOTH pO3pOOHHWKA TPHUCTPOIB 1 CHCTEM aBTOMATHKH: Y
0araTbOX BHIMAJKaX TNPOEKTYBaHHS CXEM 3aMIHIOETBCA PO3POOKOIO
mporpaM HAacTPOHKH MIKpOIIPOLIECOPHOi amapaTypd Ha BHKOHAHHSA
BH3HAYCHUX (DYHKITIH.

IIpu po3poOiii 3aco0iB MHKPOIPOIECCOPHON TEXHUKH 3HAWIEHO
NOJaNbIINK, OUTBII TIMOOKMH PO3BHUTOK HACTYNHHX  NPUHIIMITIB!
MOJIYJIbHICTh; MariCTpaJbHOCTh; MHUKPOIPOTPaMOBAHICTh; PEryJISPHOCTH
CTPYKTYPBHIL.

MonynbHa oprasizaifis nepeadadae MoOyJOBY CHUCTEM Ha OCHOBI
HOBHX HaOOpiB MOIYJIiB KOHCTPYKTHBHO, ()YHKLIOHAIBHO Ta €JIEKTPHUYHO
3aKiHYEHUX  TPHUCTPOIB, IO  JO3BOJAIOTH  CaMOCTiiiHO abo B
CYKYITHOCTIHOCTI 3 IHIIMMH MOAYJSIMA BHUPIIIUTH OOYHCIIOBAJbHI YH
yIpaBIiHCHKI 3a/a4i IEBHOI KJiacy.

MopaynsHUR TiOXiO CIpHUsS€e CTaHIAPTH3AIii €IIEMEHTIB BCe OLTBII
BHCOKHMX PIBHIB 1 CKOPOUEHHS BUTPAT HA MPOEKTYBAHHS CHUCTEM, a TaKOX
CHpOILIy€ HAapOUIyBaHHS MOTY>KHOCTI i PEeKOH(Irypalio CUCTeM, Bijjiaise
4ac MOPaJILHOTO CTapiHHsI TEXHIYHUX 3aCO0iB.

bararo¢pynkmionanpHicTh  (YHIBEpCAJNBHICTH) 1 CIEI[iami3amis
MOJIYJIIO — 1€ J{BA MPOTUJICIKHI SIKICHI MOKA3HUKH, 1110 HAJAIOThCSI CUCTEMI
y Tpoleci KOMIPOMICHMX pillleHb, U1 PI3HOMaHITHUX KJIAaciB CHCTEM,
BUXOAAYM 13 3a0€3MEUEHHS CTPYKTYPHU CHCTEMH XapakTepy BHKOHYBaHOI
3ajaui.

JoniibHO CTBOPIOBATH CHCTEMH Y BHIJISAI CYKYITHOCTI OaraTo-
(yHKIIIOHATBPHUX 1  CHemialli3oBaHUX  MOXYJIB,  MPOOJNeMHO i
(yHKIIIOHATPHO OpIEHTOBAaHMX Yy paMKax IIeBHMX KJIaciB  3ajad,
QITOPITMOB, (PYHKIIIH.

MaricTpansHuii — croci6 oOMiHy iH(opMmarlieo BcepearHi MOIYIMIB i
MDK MOZYJISIMH 3a JOTIOMOTOI0 YIOPSJAKOBaHWX 3B'S3KIB (HA BIAMIHY Bif
JOBITBHUX 3B'S3KIB, SKHH peanizye NMPHHIUI «KOXCH 3 KOXHUMY), SKi
MiHIMI3yI0Th uuclO 3B'A3KiB. OOMIH 3AIMCHIOETBCS 3a JONOMOTOIO
CHUTBHMX Marictpanedd (muH), O00'€MHYIOYHMX BXIiOHI Ta BUXIiTHI JiHIi
OKpEeMHX CJIEMEHTIB 1 MOIymiB. MaricTpalbHOCTh — OIWH 3 CIIOCO0IB
3a0€3MEUYCHHS PEryJSIPHOCTI CTPYKTYpH CHUCTEMH Ta CTaHAapTH3allil
iHTepadeliciB. 3 TEXHIYHOI TOYKM 30py — L€ crmocid oOMiHy B BHIJIII
CTBOPEHHS CHEIliaIbHUX JBOHAIpaBICHUX Oy(depHUX KacKamiB 3 TphOMa
CTIMKMMHU CTaHaMH 1 BUKOPHUCTAHHSIM THMYAacOBOTO MYJIBTHIUIEKCYBaHHS
KaHaJiB oOMiHy [5, 6].



10

MikpormporpaMMipyeMocTb — Iie CcItocid opraHizallii ynpaBiIiHHS, 10
O3BOJSIE  3MIUCHUTH  TPOOJIGMHO  OPIEHTOBaHY cHucTeMy. MIikpo-
MPOTPaMOBAHICTh MiJBUILY€E FHYYKICTh HPUCTPOIO (32 PaXyHOK MOKIHBO-
CTI 3MiHM MiKpomnporpam), 30ibLIye peryJsipHiCTH iX CTpyKTypu (3a
PaxyHOK IMIMPOKOTO BHKOPUCTAHHS MATPUYHHUX CTPYKTYp THUILy HaM'siTi),
MiABUIIYE HAAIMHICTD TPHUCTPOIO (32 PaxyHOK 3aCTOCYBAaHHS CEpIHHO
ocBoeHux BIC mam'siTh), cnpoliye KOHTponb (pyHKIIOHYBaHHS IPUCTPOIO
(32 paxyHOK TOro, IO KOHTPOJb OJIOKY MIKpOIPOTPaMHOTO KepyBaHHS
3BOJIUTHCA, TIO CYTI, IO KOHTPOJIO BMicTy 3Y).

Perynsapuicts CTPYKTYpH - nepeadayae 3aKOHOMIpHY
MOBTOPIOBAHICTh PSAY €JNEMEHTIB CTPYKTYPH Ta 3BSI3KiB MK HHMU;
PETYISPHICTh CTPYKTYPHI CHCTEMBI CIiJ PO3TIAOaTH HA PI3HUX PIBHAX il
opranizarii.

B uinomy moxxHa BinzHaunTH, o MII sk nporpamoBanuii iudpoBuit
MPUCTpii  00poOKM  iHopMamii  XapaKTEpH3YETbCS  HACTYITHUMH
MTOKa3HUKAMH 1 3B'SI3KaMHM iX 3 BHYTPINTHHOIO Ta 30BHIMIHBOIO0 CTPYKTYPOIO
MII:  po3psiAHICTB, €MHICT  aJIpecHOi TaM'siTi;  yHIBepcalbHICTh
(cmemiamizamist); 4YMCIO  BHYTPIIIHIX  PEECTPiB;  MariCTpaJbHOCTH;
MIKpOTIPOTpaMHE KEePYBAaHHS; MOKJIMBICTD 1 KUTBKICTh PiBHIB MEepepUBaHb;
HasBHICTh CTEKOBOI OpraHi3alfii maMm'sTi Ta KUIbKICTh CTEKOBHUX PEECTPIB:
HasBHICTB 1 CKJIaJl pE3UAEHTHOTO Ta KPOC-IPOrpaMHOro 3a0e3neueHH .

Mikponpouecopna asromatuyHa cucrema (MIIAC) - ue
aBTOMaTHU30BaHa cucreMa 3  BOyjgoBaHmMH B Hei  3acobamu
MikponpouecopHoi TexHiku (MT).

1.2 llpencraBiaenns nanaux y MIIC

Bynp-sike  auckperHe TmoBimomiieHHSs B mudpoBiit  TexHimi
MIpeNICTaBIAe€ThC y BUNIANI mudpu i cumBoiy. Crocid 3amucy dmcen
3HaKaMH Ha3UBA€THCS CUCTEMOIO 4MCIEHHS. € IBa BHAM: MO3HUIIWHI 1
Heno3umiiHi. [IpuKiIagoM HENo3WINIHOT CUCTEMH YHCICHHS € PHUMChbKa
cucreMa (Hamp. 30 = XXX). Y 1uudpoBid TEXHIIlI 3aCTOCOBYIOTHCS
TTO3WIIHHI CHUCTEMH YHCIICHHS, B SIKIH 3HAYCHHsS KOKHOI mMUPpH ducIa
3anexuTh Bin il mosumii. KinbkicTe mudp B uyMchi BU3HAYAE Ha3By VIS
CHCTEMH YHCIICHHS.

JBiiikoBa cucrema uncijaeHHs (Binary).

OCHOBOIO JIBIMKOBOI cHCTeMH 4HCIcHHS € ( = 2. Yucimo B Takiil
cucteMi uucieHHs yTBopeHo i3 mMHoxkuHM 1mdp {0,1}. basoBa oxmHmI



11

KOMIT'FOTEpHUX JaHUX Ha3uBaeTbcs OiT. CrmoBo OIiT € CKOpOYeHHSIM
aHrmdicekoro Bupasy binart digit. T.r. msiiikoBa 1udpa. TakuM YHHOM
NIBIMKOBE YMCJIIO — L€ ITOCIIIJOBHICTH OIT.

IlepeBeneHHsT UJIMX JeCAITKOBHUX 4MceJ B JBIHKOBY cucTemy
YHCJIEHHS.

st nepeBeieHHs iJI0T0 JECATHHHOTO YHCIIa B CUCTEMY YUCIICHHS 3
OCHOBOIO (J = 2 HEOOXIIHO TaKe YMCIIO MOCHTIJJOBHO JITUTH HA YUCIIO 2 JI0
OTPUMaHHA LIJNIOr0 3aJHIIKy, MEHLIOro HiX 2. Pe3ynbrar B B ABIMKOBii
CHUCTEMi dYHCIeHHS Oyae MaTh BHI YIOPSAKOBAHOI IOCIIiTOBHOCTI
3aJMIIKIB BiJ B MOPSAKY, 3BOPOTHOMY iX oTpuMaHHA (cTapiry uudpy
Yrcia Aa€ OCTaHHIM 3aUILIOK, a MOJIOAIIY - TIEPILHi).

Hpuxaan 1.

IlepeBectu 3 AECATKOBOI B IBINKOBY CHCTEMY YHCIEHHS ducio 137:

137 — ? bin

Pesynbrar
137 decimal — 10001001

3armc Ha  acemOuepi
pOOUTBCS 3a IOMIOMOTOIO
JICCKPHUIITOPIB:

D — decimal

B — binary

137d — 10001001b

IlepeBeneHHsI MPaBHJIBHOI JAeCATKOBOI Apo0i B JABIMKOBY cHCTeMYy
YU CJIEHHSL.

Jlns mepeBefieHHsT JTIMCHOTO JECATKOBOTO 4ucia (MpaBwibHA ApiO) B
JBIAKOBY CHCTEMYy YHCIICHHS HEOOXiTHO [aHe 4YHCio (TUTBKM MAaHTHCY)
TMOCITITOBHO MHO>KUTH Ha YHCIIO 2 JIO THX IIip, IOKA B MaHTUCI HE OTPUMAEMO
YUCTUH HyJb a00 HEOOXiIHY KUIBKICTB po3psniB. [Ipn MHOXKEHHI oTpuMmaHe
ITiJic 3HAYCHHS HE BPAaXOBYEThCA . [IpOTe BOHH MOCIIJIOBHO 3apaxOBYIOThCS B
pe3yapTar. OTpUMAEMO YIIOPSIKOBAHY TTOCITIIOBHICTD MUTAX JIMKOBUX YHCEL.

Mpuxan 2: 0.5d — ? bin

5
X 2
1 0

05d — 0.1b
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Hpuxman 3: 0.703125d — ? bin

0.703125

X 2
1 406250
X 2
0 .812500
X 2
1 .625000
X 2
1 .250000
X 2
0 .500000
X 2
1 .000000
0.703125d — 0.101101bin

IlepeBeneHHst 3MilIAHUX JECSITKOBHX YHCeJ B JABIHKOBY cucTeMy
YHCTIEHHA.

JilicHe 3MillIaHe 4MCiI0 B ABIMKOBIH CHCTEMI YHCIICHHS! YTBOPIOETBCS, SIK
1 B JICCATKOBIH, IIUIIXOM ITO€THAHHS (KOHKATEHAIlI1) 11101 1 pOoOOBOT YaCTHHH.

117.25d — 1110101.01b

IlepeBenennst ABilikOBHX YKCe/I B ICATKOBY CUCTEMY YHMCJICHHS.

JIilikoBa cCHCTEMa YHCIICHHS SIBJISIETHCS TIO3UI[IMHOI CHCTEMOIO
YHCIIEHHSI 3 OCHOBOIO 2., TOMY JJisl Hel crpaBe/uiiBa (opMyiia 3 SKOK MU
03HAHOMIJIMCS Ha TIOYaTKy. T.T. MM MOXXEMO PO3KJIACTH NBIHKOBE YHCIIO IO
CTYTICHSIM JIBIMKH.

Mpuxnax 4: 1110101.01b — ? dec
Uwcio 1]1)]1)0)1/0)1|.]0 1
IMosumiss | 6|54 |13(2(110 -14-2

1264+ 1-254+ 1244122+ 1-2°+1-22=117.25

1110101.01b — 117.25d

IicamsaTrkoBa cucrema uncineHns (Hexadecimal).

Jana  cucrema  umcieHHs — (hex)  BusHaueHa  MHOKHMHOIO
{0,1,2,3,45,6,7,89,ab,cdef} 1 mosBomic cyrreBo 3Kath JABIMKOBY
iHopMarlifo, TONETIIyIoYd THM CaMHM 1i BHJAa4y B pIi3HUX JICTiHrax.
[licHamsITKOBa CHCTEMa YUCICHHS - e 0a30Ba CHCTEMa IMPH CHUIKYBaHHI
JIFOJTHY 1 KOMIT 10Tepa i B onepaiiiHiii cuctemi MS DOS i Windows 30kpema.
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IlepeBeneHHs eCATKOBHX 4YHCeJ B MIICHATUATKOBY CHCTEMY
YHCJIeHHSI.

IIlo6 mnepeBecT YHCIO 13 JCCATKOBOI CHUCTEMHM YHCIICHHS B
IIICHA/IATKOBY, MOYKHA CKOPHUCTATHCS 3arajlbHAIM TPaBUJIOM, T.T. TIOCIIJOBHO
JUTATH 9HCII0 Ha 16, OKH HEe OTPUMAEMO 3JTHINIOK MEHIIe, Hix 16 (s mimmx
yrcen), abo TOMHOXHUTH Ha 16 (1 mpaBuinbHOI 1po0i). Lle He 30Bcim 3pydHO,
NpH JiJIeHHI a00 MHOXKEHHI JIETKO MOMIIIMTHCS. ToMy MPHIHSTO CHOYaTKy
MIEPEBECTH YUCIIO B IBIKOBY CHCTEMY YMCIICHHS, TaK K MH POOWITH paHille, a
TOJl KOXKHY MABIHKOBI TETpaxy MpEACTaBUTH B IIICHAIIITKOBOIO HH(POIO.
Terpamu MOXHA OTPUMATH, IOYMHAIOYM Bifl JIECATKOBOI TOYKH (BJIBO — JUIS
LJIOI YaCTWHY YHCJa, BOPAaBO — JUIs JAPOOOBOi), MOAAIOYHM, SKIIO MOTPIOHO
HE3HAYYII HyTi.

Hpuxman 5: mepeBectr umcno 137 i3 NECATKOBOI B INICHAMISITKOBY
CHUCTEMY YHCIICHHs, BHKOPHUCTOBYIOUHM IBIMKOBY CHCTEMY YHCICHHS SIK
TIPOMDKHY.

137 — ? hex

137d — 1000 1001b
8 9h
137d — 8%h

Hpuknan 6:

0.5d — ? hex

0.5d — 0.1b=0.1000b
0. 8h

B nganomy mpukiami mu, Uit TOro MO0 OTPUMATH TETpany, IBIMKOBE
YHCITO0 PO3MIMPIIA HE3HAYYIIIUMH HYJISIMH.

0.5d — 0.8h

Hpuknan 7:
0.703125d — ? hex
0.703125d — 0.1011 01b=10.1011 0100b
0. B 4h
B nanomy Bumamky NOTpIOHO 3pOOMTH PO3IIMPEHHS N0 JBIHKOBOI
TeTpaIu:



14

0.703125d — 0.B4h
Hpuxnan 8:

0.05d — ? hex
0.05d — 0.000011(0011)b =0.0000 1100 1100 (1100)b
0. 0 C C (Oh
B nmanoMy mpukiami, MM pO3MUCANM TEPIOJUYHUN Ipid Tak, 1100
OTpUMAaTH HeoOXimHi ABIAKOBI TeTpaan. MaemMo MEpiOJMYHUI IIICHAISTKOBY
Ipi0:

0.05d — 0.0CC(C)h
Ipuxnan 9:

117.25d — ? hex
117.25d — 111 0101.01b=0111 0101. 0100b
7 5 4h
B manomy mpukmazi MpUANLIOCH PO3MIMPUTH 0 TETPaaW i APoOOBY i
LTy YaCTHHY JBIAKOBOIO uKclia. B pe3yibrari oTpuMaemMo:

117.25d — 75.4h
IlepeBeneHHs] LiTMX IIICHAATKOBHMX 4YHCeJ B [IeCATKOBY CHCTEMY
YHCJIEHHS.
OCKIJIBKA MiX TITICHAIIITKOBOIO 1 IBIMKOBOIO CHCTEMaMH YUCIIEHHS ICHYE
JTy>Ke TICHUH 3B’S30K, TO 3a3BUYal OyIb-sIKE MTICHAILITKOBE YHCIIO B JICCATKOBE
TIEPEBOJIAITH B JIBA €TAIH, BAKOPUCTOBYIOUHN HACTYITHY CXEMY:
hex — bin — dec

Hpuxnan 10:

35DDh  — ? dec
3000h — 12 288
500h — 280
DOh — 208
Dh — 13

3HOBY BCE CKJIIAEMO, OTPUMYEMO:
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35DDh — 13 789d
BicimkxoBa cucrema unciaenns (Octal).

3a cBOIMH imesMH 1 TIpUHIWIIAM BOHA IIOBHICTIO 1IEHTHYHA
LTICHAUATKOBIM CHUCTEMI YHCIIEHHS, ajle 3KUMae Tpiaxy (TpidKy) OiHapHMX
pospsimiB. Ll cucrema uyucleHHS BHU3HAYCHA HA MHOXEHI  1UQp
{0,1,2,3,4,5,6,7}.

Hpuxnan 11:
117.25d — ? oct
117.25d — 111 0101.01b =001 110 101. 010b
1 6 5 2
B nanomMy npuikiiai HaMm IPUHATIIIOCH POSIIUPHUTH JI0 TPiaax AECATKOBY i
TILTY YaCTHHH IBIHKOBOTO YMCIia. B pe3ynapTaTi oTpuMaeMo:
117.25d — 165.20

IlepeBeneHHst 3 BiciMKOBOI B IBiiikOBY CHCTEMH YHCJIEHHSI

s mepeBeieHHS 3 BICIMKOBOI B JIBIIKOBY CHCTEMH YMCJICHHS
HEOoOXiTHO KOXKHY LU(py yKcia NpeacTaBUTH TPhOMa JBIMKOBUMHU LU(PpaMH
(Tpiamoro) Tak, MmOO 4YHCIOBE 3HAYEHHS KOXKHOI Tpiagu JOpPIBHIOBAIO
BimoBiTHIT 8-KOBii 1Pl

IlepeBeneHHs 3 ABilikoBOI B BiCiMKOBY CHCTEMH YHCJIEHHS

s mepeBeeHHs 37TiBa 1 IpaBOpyd Bil KOMH BHIUTIOTECS TPYITH 1O 3
urdpu. [Ipy HeoOXiTHOCTI KpaiiHi JOTOBHIOIOTHCS HYJISIMH JIO0 TIOBHHX Tpial.

Apupmernyni onepanii

JlomaBanus

BukoHyeThCs Tak caMo SIK 1 B IECATKOBII CHCTEM1 YHUCIICHHS

Bignimanns

BimHiMaHHA uymcen B IOBIMKOBINA 1 BICIMKO Biff CHCTEMaX YHCJICHHSA
BHKOHYETHCS 32 TUMH JK TPABWIAMH IO 1 B JECATKOBIN. SIKITO Bix'eMHHK
OLIbIIIe 3MCHIIYBAHOTO, PI3HHI BH3HAYAETHCS MDK OUIBIIUM 1 MEHIIAM
YHCIIOM, 1 TTepe]T HEF0 CTABUTHLCS 3HAK MIHYC

MHoxeHHsI

Onepallis MHO)KEHHSI BHKOHYEThCS TOYHO TaKOX SIK 1 B JICCATKOBIH
CHCTEMi YHCIICHHSL.
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Hpsimuii ko

BukopHCTOBYETBCS TIPH BUKOHAHHI MHOXKEHHS 1 AUICHHS YUCEN, a IHII
KOIY JJIS 3aMIHM BIZHIMAHHS JOJABaHHSIM.

0,011 gmciio Mo3UTHBHE

1,011 gmcio HeraTHBHE

IIpn BUKOHaHHI oOmeparlii MHOXKEHHS a00 MUICHHS IIBOX JBIHKOBHX
JPOOIB 3HAKOBI PO3PSIIY CKIIAIAI0THCS HE3AJICKHO BiJI IECATKOBUX YaCTHH

3BopoTHiii ko

3acToCcOBY€ETHCS JUTS 3aMiHU OTIeparlii BiIHIMAHHS CKIIaJaHHIM

JIy1sl O3UTHBHUX YHUCENT. 300paKEHHS MPABHJIBHOI JBIMKOBOTO IPOOY
OJIHAKOBO B 3BOPOTHOMY 1 IpsAIMOMY Kozi. Jlyist 3armicy HeraTuBHOI MpaBUIIBHOT
IBIMKOBIH 1po0i B 3BOPOTHOMY KO HEOOXITHO 3aMiHUTH HYJI OXWHHUIIAMH i
HaBITaKH, a 37iBa Bij koMu 3amicts -0 mocrasutul. TobTo -0,0101 = 1,1010

Heo0xinHo BpaxoByBaTH:

— Bci mudpr momaHkiB, BKIIOYAIOUX 1 IM(PPH 3HAKOBHX PO3PSIIIB,
pO3TaIIOBAaHMX 3JiBa Bi KOMH O€pyTh yd4acThb y CKIQJaHHI SIK PO3pAAN
€IMHOTO YHCIa

— Ilpu mepenoBHEHHI, KOMM 37iBa BiJ KOMH B Pe3yJbTaTi CKIaJaHHS
3'IBISIOTHCS 1Bl IM(pH, JTiBa KpaiHA 1H(pa MEePEeHOCUTHCS 1 CKITQJAEThCS 3
MOJIOJIIAM PO3PSIOM JIPOOOBOI YaCTHHH, a pemra mudp 37iBa Bij KOMH
BU3HAYAE 3HAK PE3YJIbTATy

— SIKimo 4mucno po3psliB AECATHYHOI YaCTHHU HETAaTHBHOI MPABHIIBHOI
IIBIFKOBOT JIp00i MEHIIIe YrCIia po3psIiB APOOOBOI YACTHHU 1HITIOTO JIOJIAHKA,
TO TIEpel THM SIK MEPEBECTH HEraTHBHY JIpi0 B 3BOPOTHHI KOI HEOOXiJTHO
JIOTIOBHHTH 11 CTIpaBa HYJISIMH JI0 PIBHOCTI PO3PSIIB APYroro J0/IaHKa

SIKIIo B 3HAKOBOMY PO3PSAL YMCTIa @ 3BOPOTHOMY KOJIi KOIITYeE 1, TO JuIst
nepexoAy 10 3BUYAHHOrO 3amucy Tpeda B APOOOBOT YACTHHHM OJMHHUILI
3aMiHUTH HYJISIMH, a HyJi - OJJMHUIISIMH, a 371iBa BiJl KOMH 3anucaty -0

JonaTrkoBuii Kox

Tak camMO sK 1 3BOPOTHHMI 3aCTOCOBYETHCS ISl 3aMiHM BiITHIMAHHS
CKJIaJJaHHSIM

Ilpn mpoMy: 300pakeHHS TO3WUTHUBHOI MpPAaBIJIBHOI JBIHKOBOI 1po0i
OJTHaKOBO B MPSAMOMY, 3BOPOTHOMY 1 JOATKOBOMY KOJIax.

i mepeBeneHHs HeraTuBHOI Jpo0i: HeoOXimHO Hymi 3aMiHUTH
OoIMHMILIMH, a 1 HymsiMu. Jl0 MOJIOAIIOrO pO3psiAy JONATH OJWHHILIO, MOTIM
371iBa BiJl KOMU IIOCTaBUTH 1.

Heo0xinHo nam'staru:
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— Bci madpu nomaHkiB, BKIFOYArOuM 1 IUQPH 3HAKOBUX PO3PSIIB,
pO3TalIOBaHMX 371iBa BiJl KOMH OEpyTh YVYacTh y CKJIaIaHHI SIK pO3PSIH
€IMHOTO YHCIIa

— Ilpn mepenoBHEHHI, KOMM 37iBa BiJ KOMU B Pe3yJbTaTi CKJIaJaHHS
3'IBILIFOTBCS 1IBI mU(pH, JiBa KpaWHsA mudpa BIIKUAAETHCA, a permTa Iudpa
371iBa BiJ] KOMH BU3HAYA€ 3HAK PE3yJIbTaTy

— Ymicna po3psiaiB JpoOOBOi YaCTHHH 1HIOTO JOJaHKa, TO TIEPe TUM SIK
MIepeBECTH HETaTHBHY APi0 B 3BOPOTHUI KO HEOOXiZHO AOMOBHUTH ii cipaBa
HYJISIMH JI0 PIBHOCTI pO3PSAIIB APYTOro J0aHKa

— SIkmio B pe3ysbTati CKIaJaHHs 371iBa Bil KOMU BHMIIOB 1, TO YUCIO
HeratuBHe, SKmO 0, TO TO3UTHUBHE (BIQIOBITHO TEPEBOJWTH HIYOTO HE
TOTPiOHO)

®opmar npecTraBieHHs: 0a30BUX AAHUX

Hini yucaa.

B Acembmepi mporpamicT caM BHUpiITye, sKi gaHi (1t ado miiicHi) BiH
MIOMICTUTH B Ty YMT iHIIy KOMIipKy mam'siti. Hanpukian, mpocte aprudmernane
JlaHe, Tij IKUi BijBeeHo 32 abo 64 Gita, Moxe OyTH SIK UIUM, TaK 1 JIHCHUM.

i yncsa 6e3 3Haka.

Jns 16-ps3psimHOT apXiTeKTypH T 4nciia 06e3 3Haka - IIe TO3WTHBHI
4KCIa, SIKI MOXKYTh 3aiiMatu 8, 16, abo 32 Oita mam'sti. BBaxkaethes, 110 0it 0 -
MomoqmMi OIT (I 3py4yHOCTI OyneMo BBaKaTH, IIO BiH PO3TAIIOBAHUI
KpaiiHiM cripaBa). Crapmmii 6it - 7 (15 abo 31) - st 3pydHOCTI poO3TaIryeMo
KpaiftHiM 3miBa. Jlmsg 0Ge3 3HAKOBMX JaHWX BCi OITH  BBaXKAIOTHCS
iHdopMariitHIMu.

Tabmums 1.1 — @opmar nipencraBneHHs st 32-0iTHOoro 6e3 3HAKOBOTO
qucia

Inpopmariiine rone {0,1}
1 1 1 1 1 1 1
o T I I aTa] | il s]e] o]l ]o e ]
Crapum Bitu Monomm
i i
IIpuxnanl?2:

Hexait € necstkoBe umcno 40000. B sxomy ¢opmari #ioro moxHa
npencraButu? T. T.

CKilbkU oMy TOTpiOHO OIT 1 sike OyJe HOro BHYTpINIHE (MAIlIMHHE)
MpECTaBICHHS?
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Jns moyatky TOTPiOHO TEepeBEeCTH Iie YKCIO B JBIHKOBY CHCTEMY
yrcieHHs. JJ1 Iboro CKOPHICTaEMOCS CTaHAAPTHAM KalbKysitopoM Windows.
OTPHUMYEMO:

40000d — 1001 1100 0100 0000 — 9C40h

3a KUIBKICTIO OTPUMAHMX OIT BHIHO, IO JUTS 30€piraHHsA TaKOro YHCIIa
HaM 3HaJ00UTHCS MiHIMYM 16 IBIHKOBHX PO3PSIIIB.

Mo>xHa 1ie YUCIIO (3 3aracoM) po3MicTHTH i B 32-x Oitax:

40000d — 0000 0000 0000 0000 1001 1100 0100 0000 — 0000 9C40h

i 3i 3HAKOM.

Llini 3HaKoBi aHi MOXKYTh OYTH SIK O3UTHBHHMH, TaK i HEraTUBHUMH,
BKJIFOYArOYM HyJIb. TaKoK BOHH B [iBa Pa3d MEHIIIE 3a Jialla30HOM JOITy CTHMHX
3HaveHb. lle BimOyBaeThcs TOMy, IO HE BCS 0OJAcTh OIT, BiBOIWTHCS IIif
iHopmMariro, sk e Oyyno 3 0e3 3HaKOBUMHU jJaHMMH. Crapmmid OIT 3aBxIU
BiZIBOIUTHCA TiJ] 3HaK. BiH HazmBaeThes OiT S - Signum (3HaK - J1aT.):

S =0 - 111 HO3UTHBHHUX YHCET,

S =1 - 11 HETATUBHUX YHCET,

Tabmuus 1.2 — dopmar mnpexactaBieHHs s 32-0iTHOTO 3HAKOBOTO
quCIIa

Tndopmaiiine none {0,1}
31 [ .. Jw[1ws[ua[3[12]unfJwo[o]8]7[6]5]4]3[2]1]0
Crapumii | bitu

Tomy miz iHpopMaLiro BiIBOAUTECS Ha OAWH OIT MEHIIIE.

PosrmsiHeMO 3amady: mo BHife, SKIIO MU BUXIJHE JIECATKOBE UYHCIIO
12345 moz6aBumo octanHboi 1Hdpu 5? Otpmmaemo umcimo 1234, B
MpOrpaMyBaHHI II¢ HA3WBAETHCS 3MILICHHSIM BIPABO HAa OJUH JICCATKOBHI
pospsin. 1 mamre uwmcnmo Buitme B 10 pasiB menmre! Llinkom aHamoriqHo
BiTOyBa€ThCS 3 NBIHKOBUM YHCIIOM, SIKIIIO MU HOTO 3MICTUMO Ha ONIMH, ajie
NBIHKOBHH po3psin, BopaBo. [louaTkoBe 4YHMCIO 3MEHIIMTHCS B 2 pasu!
Hampuxknaz, 11 MO3UTUBHOTO 3HAKOBOTO AaHOTO, SIKOMY BiIBEICHO OJMH OalT
iH(pOpMAITii, BUXOIWUTH TaK:

0111 1111b — 7Fh — 127d

Jnst HeraTuBHUX 4mMcen OepyTh 3a OCHOBY TPEACTaBICHHS HETaTHBHUX
YHCeN B I0JJATKOBOMY KOJIi, CyTh SIKOTO TOJIATAE B HACTYITHOMY:

1)bepemMo MoIyib HEraTHBHOTO 4Yucia (T.T. II03UTHBHE) i TIEPEBOIUMO
dec — hex;

2)Pobumo iuBepciro hex-komy (1.1. Hyni cTatoTh OJMHUIISIME, & OJMHHUIT
- HyJISIMH);



19

3) 1o orpumanoro hex-komy momaaemo 1.

Hpuxnanl3:

Hexait € mecstkoBe umcno -1607. B sxomy dopmati ioro MoxHa
npencraButu? T.T. CKinbkH HWOMY TIOTPIOHO OIT 1 sike Oyae HOro BHYTPIIIHE
(MaImHHE) IpeACTaBICHHA?

Pinenss.

Hame uyncno HeratuBHe, 3HauMTh, HOrO MOTPIOHO IPENCTAaBUTH B
JIOJTATKOBOMY KOJTi:

a) |-1607=1607 — 647h — 0110 0100 0111b

ToOTo, HamoMy uucity ZocuTh 12 6iT. Anie Takoro gpopmaTy HeMae, TOMyY
OepemMo, HanpukiIaz, 16 OiT, qogar0uM HyJi:

0000 0110 0100 0111b.

6) Pobumo inBepcito Hamoro koxy: 0000 0110 0100 0111b.

Otpumyemo: 1111 1001 1011 1000b.

B) [lo orpumanoro nomaemo 1

Otpumyemo: 1111 1001 1011 1001

Lle 1 € MammMHHE TmpeACTaBieHHS Hamoro uwcna -1607 abo B
IIICTHAAIATKOBIN crcTeMi unciaeHHs: FO9BOh. ¥V mam'sti komm'torepa e 4ucio
Oyne 30epiraeTbest 3a10M-Harepe, T.T. BOFSh.

IIpuxian.

Skuil BUiie MalIMHHUNA Pe3yJbTaT, SKII0O MU 3aX0YEMO PO3MICTHTH
gante yucio -1607 B 32 0itax? Binnosins: FFFF FOBOh

Uwcio 000B'sI3K0BO MTOBUHHO OYyTH B 3HAKOBOMY (hopMarti. A SIKIIIO BOHO
Oy/ie IHTepIpEeTyBaTHCS K 03 3HAKOBOE, OTPHUMAEMO JICCATKOBE 3HAYCHHSL:

FFFF F9B9hc — 4294965689d

TyT My BUHIIITM Ha I1Ie OJTHY JTy’Ke BKIMBY OOCTaBHHY: IBIKOBHI KO
MOxe OyTH OJIMH 1 TOW e Jyisl pi3HuX uucen! Bce 3anexuTs Bij nmporpamicra,
SIK BiH 1eil kof iHTeprnperye. Tomy st AccemOrepa HeMae TUPEKTHUB OMUCY
3HAKOBUX 1 0€33HAKOBHX JaHHX.

3. JliiicHi 4ncna.

MivicHi uncina MoxyTh OytH Tuny float (single), double a6o long double
(extended). Bix mmardopmu BoHM He 3amexath. Lli midicHi ymcna obpobise
criBIporiecop. BHyTpirmHe (MammiMHHE) TPENCTAaBICHHS ITMX YHCET JIOCHTh
CKJIaJIHE:

Tabmuug 1.3 — @opmar ailicHoro yncna

| S | Xapakrepucruka | HopmarnizoBana ManTrca
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bir S — 3HaK yncna.

Xapakrepuctuka = 3cyB =+ [Topsmok

3cyB — YHMCIIO, IO JOPIBHIOE MOJIOBUHI MaKCUMAILHO MOXKIIMBOTO, SIKE
MOXE TIOMICTUTHCS B TIOJNIe XapaKTepUCTHKA. TakuM YHHOM, EKOHOMIISTH
MICII€ 1 Yac, TaK sIK He TIOTPIOHO BUAUIATH PO3Psi T 3HAKA MTOPSAKY 1 pOOUTH
JOJIATKOBHMI HETATWBHUM KO JUIA HETaTMBHUX MOPsAKiB. Po3Mip mpoctopy,
ske IIK BukopucroBye mis 30epiraHHs XapakTepUCTHKA 1 MaHTHUCA,
BcranosieHuit crangaprom IEEE 724-1985 standard for floating point numbers
1 MATPUMY€ETHCS BCIMa CydaCHIMH KOMITIOTEPHIMH apXiTEKTypaMH.

Jdnst  oTpuMaHHS BHYTPIIIHBOTO TIPEACTABICHHA MAIHCHOTO dHMCIa
MOTPiOHO B OyIb-SIKOMY BHIIAAKY IIEPEBECTH HOTo B ABIMKOBHUIA (hopMar.

Mammnni popmaTu gificHIX ymcen.

Sk yxke 3a3Haganocs, AiicHI 0a3oBi THMM MOXyTh OyTu Thmy float
(single), double a6o long double (extended). Bci Bonn Maroth muist 30epiranHs
KOMIpKH pi3HOI MOBXWHHW. 3BIICH 1 PI3HWH Iiarta3oH TMPEACTABICHHS I
PI3HMX THIIB AIACHUX YHCEN, X04a i/iest 30epiraHHs Maike Of[Ha 1 Ta XK.

®dopwmar float (single).

Uucno me 30epiraeTbcsi B KOMIpKax JIOBXHMHOWO 32 Oira, ski
PO3TIOAUISIOTECSI HACTYITHIM YHHOM:

IpencraBiennst gilicHUX 4uces B JABiHKOBOMY HOpMAai30BaHOMY
BHUTJIATI

+1.mp*2P,

Jie My — TBIIKOBA MaHTHCA YHCIIA, P — IOPSIOK ABIHKOBOTO UHCIIA.

Po3rystHeMo JieKinbKa NpHKIIA/IiB:

1)£1.0d — =+ 1.0b¥2°

2) £0.5d — +0.1b, B HOpMmarnizoBaHOMy Buzi £1.0b%27

3)+0.703125d — +0.101101b, B HOpMatizoBanOMy BHi +£1.01101b*2™

4) £0.05d — +0.00001 1b, B HOpMatizoBanoMy Bui +1.1(0011)b*27°

5) #11725d — £1110101.01b, B HOpmamizoBaHOMY  BHII
+1.11010101b*2°

[IpoananizyBaBiy TPUKIAIA, MOKHA TOMITUTH, IO JIECATKOBA TOYKA
«TUIaBaey, MO0 3a0e3NMeYnTH HOpMaizalito. To 3MIILY€eThCS BIiBO 1 TIOPSIOK
OTPHUMYE€ 3HaK TLTIOC, TO - BIPABO, TOII Y TOPSIIKY 3HAK MIHYC. 3BiJICH 1 TEpMiH
- utaparova Touka (floating point).

Tabmung 1.4 — @opmar aiticHoro 32-6iTHOTO UKCa.

«— ckpuTHi (HEBUITMMUH JIFOJIMHI) pO3PSIT
S | XapakTepucTHKa HopwmarizoBana MmanTHCa
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31] 30 |

23] 22 | 22 ] .. ] 1] o0

bitn

Ha xapakrepuctuky Buainserscs 8 OiT (po3psan 23-30). MakcuMaisHO
MOXKITMBE IIICTHA/IATKOBE YMCIIO, K€ MOXKHA PO3MICTHTH B IMX OiTaxX, Tak
camo FFh, a ¥ioro monoBuHa 3a Bu3Ha4eHHsM - 1ie 3cyB = 7Fh. Ockinbku Ha
MaHTHCY 3JIMIIAEThCS BChoro 23 Oita (pospsmu 0- 22), a MU 3HaEMO, IO
MaHTHCA 33aBXIM HOPMaTi30BaHA, BUHUKAE IUTKOM PE30HHE IMUTAHHS: HABIIIO
30epirati HaimepIy ouHUI0 ManTHCH? Hexall koMmI'toTep cam 1l BiZJHOBIIOE
... TakuM YMHOM, TSI HAUTIEpITIa OJMHUIIA B iH(GOPMAITiiiHI pO3psAAN MAHTUCH HE
noTparisie (MPUXOBaHUK PO3PSAM), @ HA MAHTHCY B PE3YJIbTATi BIJBOJUTHUCS HE
23 1 24 Oira. Take mnpeAcTaBICHHS J03BOJISE BIpHO BifoOpaxkatu 7-8

JECATKOBHX IH(P.
®opmart double
Yucno 30epiraethest B KOMIpIT po3mipom 64 Oita:
Tabmums 1.5 — @opmart gificHoro 64-6iTHOro Yncha.

«— cKkpuTHi (HEBUIMMUH JIFOJIMHI) pO3PSIT
S | Xapakrepuctrka HopwmaitizoBaHa MaHTHCa
63/ 62| ...]52] 51 | 50 | .. [ 1] o0
Bitu
®opmar double

Uwcio 30epiraerbest B KoMipini po3mipom 80 OIT:
Tabnung 1.6 — Popmar aiticHoro 80-6iTHOrO UKCHa.

< CKpHUTHH (HEBUAMMMH JIIOAWHI) PO3PSA

S

XapakTepucTHKa HopmasizoBaHa MaHTHCa

79

78] ... ] 64

63 | 62 | .. [ 1] o0

bitu

KoHTpoJsbHi muTaHHSA.

1. B sikoMy BUIIISII 30€pirafoThCsl CHMBOJIHM B KOMIT'FOTEPi?
2. SIkvMU BUIaMU LJTMX YUCEIT OTIEPY€E KOMITHOTEp?

3. SIki TMOM QIICHUX YKCEN BU 3HAETE?

Tabimwg 1.7 — BiamoBigHICTE CHCTEM YHCIIEHHS

JecstrkoBa | JIpiiikoBa | BicimkoBa | IllicHamusarkoa
0 0000 0 0
1 0001 1 1
2 0010 2 2
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3 0011 3 3
4 0100 4 4
5 0101 5 5
6 0110 6 6
7 0111 7 7
8 1000 10 8
9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F

ApudmeTnyHi onepauii B NO3MUIHHUX CHCTEMAX YHCIEHHS

[IpaBuna BukOHaHHA apuU(METHUHHX ONEpalii B IECATKOBIH cHCTeMi
JoOpe BioMi — Iie TOIaBaHHs, BiTHIMAHHA, MHO>KEHHS 1 JieHHs. 11i mpasmma
3aCTOCOBHI 1 IO BCIX IHIINX MO3UILIMHUX CUCTEM YUCHEHHS. TIIbKH TaOIUIISIMU
JIOMIaBaHHS 1 MHOXEHHsS Tpeba KOPUCTYBAaTHUCS OCOOJMBHMH JUIS KOXKHOT
CUCTEMH.

Tabmurii momaBaHHS B OyIb-SIKHAN TIO3WIIIHHINA CHCTEMI YHCIICHHS JIETKO
CKJIACTH, BHKOPHCTOBYIOUM MpAaBWIIO BpaxyBaHH:: SKmo cyma mudp, ski
CKJIQJIAFOTHCSI OllTbIlie a00 JOPIBHIOE OCHOBI CHCTEMH YHCIICHHS, TO OJWHHIISL
TIEPEHOCUTHCS B HACTYITHHH 371iBa O3PS,

Tabmus 1.8 — JlogaBanus B ABINHKOBIH crCTEMI

+/0] 1
0]0]1
1/(1]10

Tabmus 1.9 — JlogaBaHHs B BICIMKOBIHM CHCTEMI YHCIICHHS

+ 0 1 2 3 4 5 6 7

0 0 1 2 3 4 5 6 7

1 1 2 3 4 5 6 7 110
2 2 3 4 5 6 7 110 11
5] 3 4 5 6 7 101112
4 4 5 6 7 10|11 )12 ] 13
5 5 6 7 1011|1213 ] 14
6 6 7 11011 |12 | 13| 14|15
7 7 |10 |11 |12 | 13| 14 | 15| 16

Tab6mus 1.10 — JlomaBaHHS B ITICHAAIATKOBIH CHCTEMI YHCIICHHS
+J0[1[2]3[4[5]6]7[8][]9[A[BJC[DJE]JF
ojol1]2[3]a]s5]s6]7]8]o]Aa]lB]lC|DJE]F




+

Jonmasanns uucen 10101b + 1011b — ?

11 1 1
1 0101
1 011

1

0 00O0DO

Jonmasanns uucen 10b + 1011b — ?

1
10

+
=
=
Ol
oo -

Jonasanns uucen 170 + 60 — ?
1

1 7

1 6

+

+

20) 5w

1)7+6=13=8+5

2)1+1=2

JonaBanans uncen 430 + 1260 — ?
1

6

1 2
1 7 1y

1J1]2[3]Ja]s5][6[7[8]9]A][BJC[DJET]FT10
2| 2345|6789 |A]|B|lC|D|E]|F 10|11
33456 7]8]o|lA[B|]Cc|[D|E|F|]10]1]12
4|als5]6]7|8|9|A|B|]C|D|E|]F|10|11]12]13
5|56 |7]8|9|A|B|C|[D|E|F[]10]11]12]13]14
6| 6| 7| 8|9 |A|B|]C|D|E|F|10|11|12]13]14]15
7|78 9|A|B|C|D|E|F|10[11|12]|13]14] 15] 16
8| 8|9 |A|lB|C|D|E|F|10]11]|12]13]14]15]16] 17
9|log|lA|B|[C|D|E|F|10[1n]|12]13]14]15|16]17] 18
AlAlB|[c|D|E|F|10]1m]12]|13]14] 15|16 17| 18] 19
B|B|C|D|E|F|10|11|122|13]|14|15] 16| 17| 18] 19 | 1A
c|lc|p|E|F|1o|l11]12]13]14]15|16] 17| 18] 19]1A] 1B
DID|E|F|wo|nn|12]13]14]15|16|17| 18] 19]1Aa]1B] 1C
E|E| F|10]11 1213141516 17] 18] 19 |1A ] 1B | 1C | 1D
F|F|l1o|1m|12|13]14]|15|16]17]18|19]1Aa]1B|1C | 1D | 1E
IIpuxnanu:
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N3+6=9=8+1

BimxiMaHHS 3TIACHIOETECS 33 THMH CaMHMH TIpaBWIAMH, IO 1 B
JIECATKOBIN CUCTEMI YMCIICHHS.

[Tpu BigHIMaHHI BiJi MEHIIOrO YKCIa OLTBIIOTO MPOBOMUTHCS TO3UKA 31
CTapIIIOro PO3PSILY.

Ipuxnan: BigaimMaemo opuamo 3 uncen 10b, 1001 10h

Jpiiikora 10b — 1b

1

10
1
1o
N2-1=1
Bicimkosa 100 — 1b
1
1 0
1
T
18-1=7
IicHaguarkosa 10b —1b
1
10
1
Fa
1)16-1=15=F

Bignimaemo oxunuiro 3 uucen 100b, 1000 1 100h
Jsiiikosa 10b — 1b
1

1.0 0
1
lo 1o
nN2-1=1
2)1-0=1
Bicimkosa 100 — 10
1
1.0 0
1
o T

1)8-1=7
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2)7-0=7
licHamusTkoa 10h — 1h
1

1 0 o0

1
Fo Fao

1)16-1=15=F
2)15-0=15=F
MHoxeHHs

BukoHyrourn MHOXXEHHS 0araTo3HaYHMX YUCEN B PI3HUX MO3HUIIHHKX
CHUCTEMax YHCIICHHS, MOXKHa BHKOPHCTOBYBAaTH 3BHYAHHHN alITOPHTM
MEPEMHOKEHHS YMCEN B CTOBIUHK, aJie P LIbOMY PE3YJIbTaTH IEPEMHOKEHHS
1 CKJIaJaHHs OJJHO3HAYHUX YHCENl HEOOXIJHO 3aro3W4yBaTH 3 BiIMOBIIHHX
JIaHI crcTteMi TaOIUIb MHOKEHHS 1 TOJAaBaHHSL.

Tabmui 1.11 — MHOXEHHS B IBIMKOBIA CHCTEMI.

x|10]1
0/0]0
1/0]1

Tabmuus 1.12 — MHOXEHHS B BICIMKOBI CUCTEMI YUCIIEHHS
0 1 2 3 4 5 6 7
0 0 0 0 0 0
2 3 4 5 6 7
4 6 1012 | 14 | 16
6 11|14 | 17 | 22 | 25
10| 14 | 20| 24 | 30 | 34
12 | 17 | 24 | 31 | 36 | 43
14 | 22 | 30 | 36 | 44 | 52
16 | 25 | 34 | 43| 52 | 61

~N|O|O|BR|IWIN(F(Of X
o|Oo|o|o|o|o|o|o
~N(ogh~|lwIN|FR|O
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Taomui 1.13 — MHOX€EHHS B IIICHAALSTKOBIA CUCTEMI YACIIEHHS
7 9 A B

x 0 1 2 3 4 5 6 8 c D E F

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 2 3 4 5 6 7 8 9 A B C D E F

2 0 2 4 6 8 A C E 10 12 14 16 18 1A 1c 1E
3 0 3 6 9 C F 12 15 18 1B 1E 21 24 27 2A 2D
4 0 4 8 C 10 14 18 1c 20 24 28 2C 30 34 38 3C
5) 0 5 A F 14 19 1E 23 28 2D 32 37 3C 41 46 4B
6 0 6 C 12 18 1E 24 2A 30 36 3C 42 48 4E 54 5A
7 0 7 E 15 1c 23 2A 31 38 3F 46 4D 54 5B 62 69
8 0 8 10 18 20 28 30 38 40 48 50 58 60 68 70 78
9 0 9 12 1B 24 2D 36 3F 48 51 5A 63 6C 75 TE 87
A 0 A 14 1E 28 32 3C 46 50 5A 64 6E 78 82 8C 96
B 0 B 16 21 2C 37 42 4D 58 63 6E 79 84 8F 9A A5
C 0 C 18 24 30 3C 48 54 60 6C 78 84 90 9C A8 B4
D 0 D 1A 27 34 41 4E 5B 68 75 82 8F 9C A9 B6 C3
E 0 E 1c 2A 38 46 54 62 70 7E 8C 9A A8 B6 C4 D2
F 0 F 1E 2D 3C 4B 5A 69 78 87 96 A5 B4 C3 D2 El

Ipukmamu: [lomMmHOXMTH ymcna S 1 6
JIBilikoBa cUCTEMa YKCIICHHS

1 01
110
0 0O

1 01

1 01
11110
Iepemuoxwmo gucna 115 u 51 (BiciMKOBa CHCTEMH YMCIICHHST)

1 6 3
6 3
5 31

1 2 6 2
1 3351

1.3 3aBnanHs 1J19 NPaKTHYHOI po6oTH
BinmoBicTr Ha HACTYTHI MUTaHHS:
1. Jlatn BU3HAYEHHS HACTYITHUM TePMiHAM:
a. Mikporporecop
b. MikpormporiecopHi 3acodu
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C. MikpomnporiecopHa cucrema
d. MikpoKkoHTpOJIEpH
e. MikpornporiecopHa aBToMaTu4Ha CHCTEMA

2.

[osicHiTh BiIMIHHOCTI MIXK MiKpOIpOLECOPOM

MIiKPOKOHTPOJIEPOM.
Ta6muus 1.13 — 3aBaaHHst 11 IPakTHYHOT pOOOTH

i

Bapuant

3aBmaHHs 10 poOOTH

1. HepeBeCTI/I JlaHE YMCJI0 3 AECATKOBOI CUCTEMH YHCICHHSI

B JIBIHKOBY, BICIMKOBY 1 ITiCTHAAIATHPIYHY CHCTEMH
ynciieHHs, X, —Xsg, X2 —X16 0€3 MaT. 00YUCIICHbD.

2. HepeBeCTI/I AaHC YHCJIO B ICCATKOBY CUCTCMY YHCJICHHS.

3. Cknactu yncna.
4. BukoHaTH BigHIMaHHS.
5. BukoHaTtu MHOKEHHS.

IIpumirka. Y 3aBmandi 1B orpuMmaru m'siTh 3HAKIB ITICHA

KOMH B JIBIHIKOBOMY VSIBJIEHHI.

1. a) 305¢10) B) 153,25010); B) 248,4610)

2.a) 1100111¢); 6) 100110,101¢); B) 671,24); ) 41A,6(16).
3.a) 10000011(2+1000011); 6)
110010,101(2+1011010011,01;

4.2) 1001110012-110110¢; 6) 1111001110)-111011010).

5.1100110¢) x 1011010¢).

1. a) 164q0); 6) 712,2500); B) 11,8910
2.2) 1001111¢; 6) 1100111,010y8) 413,41y 1) 118,8Cus.
3. a) 1100001 100¢+1100011001¢;

6) 111111111,0012+1111111110,0101).
4.2) 1001101100(2-1000010111); 6)1101100110¢)-
111000010(2).
5.10001¢) x 1010¢).

1. a) 273(10); 6) 97,5(10); B) 53,74(10)

2.2) 110000¢); 6) 1001101,00011¢2; B) 1017,2¢); ) 111,Be).

3.a) 1110001000)+110100100); 6)
1001001,101(»+1111000,11.

4.2) 1010111001(»-1010001011); 6) 111010101 1»-
100111000¢.

5.10110¢) x 10010
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Bapuant

3aBmaHHs 10 poboTH

1. a) 105¢0); ©) 377,510); B) 87,27 10)

2.a) 11001001¢); 6) 11110110,01; B) 112,04(); T) 334,A(16).
3.a) 101000011(2+110101010¢); 6)
111010,010(»+1011011,11y.

4.2) 1111111000¢2-100010011¢); 6) 1111101110¢)-
11100110¢).

5.10111¢) x 10100

1. a) 500¢0); 6) 1017,2500); B) 123,72(10)

2.2) 11010101 ; 6) 11110001,011011¢y:8) 1347,17; 1)
155,6Cg).

3.a) 1000101101 2+1100000010¢; 6)
1111011,01(2+11100,11.

4. 2) 1101111100-1001000100; 6) 10110101100y
1011001110¢.

5.11011) x 10011

1. a) 2180); ©) 176,25(10);B) 253,04 (10)

2.a) 1110100¢); 6) 100011,01¢2); B) 1665,3(); T) FA,7(16).
3.a) 11100000(+1100000000(); ©6)
1101011,01»+111111,1101p.

4.a) 10110010(2-10100012); 6) 1101000000)-10000000 )
5.10000¢) x 1110¢)

1. a) 306¢10); 6) 218,5010); B) 318,87 (10)

2.2) 1100111¢); 6) 101111,01¢; B) 465,3); T) 252,38 16).

3.a) 1000001101(2+1100101000); 6) 1010011,112+1000,1.
4.2) 1101000101(2-111111000¢); 6) 11110101)-1101002
5.11101) x 1010¢).

1. a) 113(0); 6) 128,25010); B) 314,71 19)

2.2) 110001(; 6) 10011100,111¢); T) 704,6@); 1) 367,38 (16).
3.2) 10101100+111110010¢; 6)
1110111010,10011»+1011010011,001

4.2) 1010110010¢2-1000000000¢2); 6) 1111100110¢-
10101111y

5.10101¢) x 11010
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Bapuant

3aBmaHHs 10 poboTH

1. a) 342x10); 6) 30,37500); B) 97,14(10).
2.a) 10001101); 6) 1110010,10110012); T) 666,16); 1)
1C7,6816).
3. 2) 11010100002+1011101001;

6) 1100101,01001¢+1111111,011¢)
4.a) 11111102-1111011(); 6) 1111100000(2-111110011 .
5.1001010¢) x 1101111¢.

10

1. a) 222(10); 6) 57,5(10); B) 53,35(10).
2.a) 101111111; 6) 10011000,1101011; T) 140,22¢9);
1) 1DE,54 ).
3.a) 1101010000+11100100);
6) 1111100100,11+1111101000,01)
4.2) 1010010100¢)-11101110; 6) 10000001110-
10011100).
5.111000¢) x 100111¢.

11

1. a) 500¢0); 6) 1017,25010); B) 123,72(19)
2.2a)11010101); 6) 11110001,011011);8) 1347,17); T)
155,6C1¢).

3.a) 1000101101(2+1100000010); 6)
1111011,01(2+11100,11.

4.2) 1101111100¢-100100010¢); 6) 1011010110¢)-
1011001110¢.

5.11011 x 10011

12

1. a) 218(10); 6) 176,25(10);B) 253,04(10)

2.2a) 1110100¢); 6) 100011,01¢; B) 1665,3(); T) FA,7(16).

3. a) 11100000)+1100000000); 6)
1101011,01(»+111111,1101y.

4.a) 10110010(2-10100012); 6) 1101000000)-10000000 )
5.10000¢) x 1110

13

1. a) 305¢0) B) 153,25010); B) 248,46(10)

2.a) 1100111¢); 6) 100110,101; B) 671,24); ) 41A,6(16).
3.a) 10000011(2+10000112); 6)
110010,101(2+1011010011,012;
4.2)100111001-110110); 6) 11110011102)-111011010¢2).
5.1100110¢) x 1011010¢).
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Bapuant

3aBmaHHs 10 poboTH

14

1. a) 164q0); 6) 712,2500); B) 11,8910
2.a) 1001111¢); 6) 1100111,01(»;8) 413,41); 1) 118,8C16).
3.a) 1100001100¢+1100011001

6) 111111111,001+1111111110,0101 2.
4.2) 10011011002-10000101112); 6)1101100110¢)-
111000010¢.
5.10001¢) x 1010¢).

15

1. a) 273(10); 6) 97,5(10); B) 53,74(10)

2.a) 110000¢); 6) 1001101,000112); B) 1017,2); T) 111,B(1¢).
3.a) 1110001000(2+110100100); 6)
1001001,101»+1111000,11.
4.2)1010111001(2-1010001011); 6) 1110101011 -
100111000¢.

5.10110¢) x 10010

16

1. a) 105(10); 6) 377,5(10); B) 87,27(10)

2.2a)11001001); 6) 11110110,01¢2; B) 112,04); T) 334,A16).
3.2) 101000011+110101010¢); 6)
111010,010»+1011011,11y.

4.2) 1111111000¢-100010011¢); 6) 1111101110¢)-
11100110¢).

5.10111) x 10100
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2. MIPAKTUYHA POBOTA Ne2
«APXITEKTYPA MIKPOKOHTPOJIEPA 18051»

2.1 3aranbHi XapaKkTepHCTHKH MiKpoKkoHTpoJepa i8051

Kiacuunuii mikpokontposep i8051 (MCS51) i BiTuu3HsHUE aHaIOT
KM1816BES51 BukoHani Ha ocHOBi BucokopiBHeBoi N-MOH Ttexnomorii i
Bunyckanucs B kopmyci BIC, mo mae 40 30BHimHIX BUBOAIB. LlokonboBka
kopmycy MCSS51 1 naliMeHyBaHHS BHCHOBKIB TOKa3aHi Ha puc. 2.1. Jlis
podotu MCS51 moTpiOHO OJHE IKEepeNno eleKTpoxuBiIeHHs +5. Yepes
YOTHPHU NPOrpaMOBaHUX NOPTY BBeneHHs / BuBedeHHa MCS51 Bzaemopmie
i3 cepenoBuieM B ctanaapti TTL-cxeM 3 TphbOMa cTaHAMH BUXO.TY.

Kopmyc MCS51 Mae nBa BUCHOBKHM IS IIIKIIOUEHHS KBapIIOBOTO
pe3oHaTOpa, YOTUPU BHBOAY Ul CUTHAJTIB, KEPYIOUHUX PEXHMOM POOOTH
MK, i BiciMm miHiIH Topry 3, sAKI MOXyTh OyTH 3amporpaMoOBaHi
KOpHCTyBa4eM Ha BHKOHAHHS CIIEUiali30BaHUX  (aJbTepHATHBHHUX)
¢dyHKLIH 00OMiHY iHpOpMaIicro 3 cepenoBuiieM. [Ipu3HaueHHS BHCHOBKIB
MikpokoHTposepa 8051.

UJ

o

40
3g
38
3T
36
35
34
a3
3z

Ve

P0.0 (ADO)
PO.1 (AD1)
P0.2 (AD2)
P0.3 (AD3)
PO 4 (AD4)
P0.5 (ADS)
P0.6 (AD6)
P0.7 (ADT)

- o o W R

AnAonAo00nnnAnnnnonnnmn
oo ououuoduouoog

ha
=1
(]

=
P
P
P
P
=
=
P

B O S R RN

RESET
(RxD) P3.0
(TxD) P3.1
(INTO) P3.2
(INTT)P3.3
(TO) P2.4
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Pucynok 2.1 — [Ipusnauenns BuBoxis 8051

ITo3nauenus Ha Puc. 2.1:
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V/SS — moTeHIIian 3aransHoro mposoay ("zemmi");

VCC — ocHOBHA Hampyra JiitaHig +5 B;

XTAL1, XTAL2 — BHCHOBKM Ui MiJKIIOYCHHS KBapIOBOIO

pe3oHaropa;

RESET (RST) — Bxix 3araibHOro CKUAAHHS MIKPOKOHTPOJIEPA;

» PSEN — 103Bin 30BHINIHLOT Mam'sITi MpOrpaM; BUAAETHCS TUTBKH MPH
3BEPHEHHI JI0 30BHIIIHBOTO [13Y;

% ALE — cTpo0 agpecu 30BHIIIHBOT TaM'SITi;

» EA — Binkimo4YeHHS BHYTPIIIHBOI mMporpaMHoi mam'ari; piBeHs (0 Ha
BOMY BXOJIi 3MYLIYE MIKPOKOHTPOJIEP BUKOHYBATH IIPOTPaMy TiIbKH
3 30BHIIHBOTO [13VY; irHOpYyI0UM BHYTpPILIHE (SIKIIO OCTAHHE €);

« PO — BocbMH OiTHHH [IBOHANpaBICHUH IOPT BBEACHHS-BUBEICHHS

iHpopmarii: mpu podoTi 3 3oBHImHIME O3Y 1 113V no miHisSX mopty B

PEKUMI  THMYacoOBOTO  MYJIBTHIUICKCYBAaHHS BHIAETHCS — ajapeca

30BHIIIHBOIT TaM'sITi, MICIIA 90TO 3MIHCHIOETHCS TIepenada ado mpuiioM

JIAHUX;

P1 — BochbMu OiTHHMI KBa3i JBOHAIIPABIICHUI NIOPT BBEJCHHS / BUBOY:

KOXKEH pO3psiA MOPTY MOKe OyTH 3apOrpaMOBaHUM SK Ha BBEICHHS,

TaK 1 Ha BUCHOBOK iH(OpMaIIii, He3aIeXHO BiJ CTaHy IHIINX PO3PsIIiB;

P2 — BocbMu OiTHHE KBa3i JABOHANpaBlIeHUH MOPT, aHanoriyHui Pl;

KpiM TOro, BUCHOBKM LBOI'O MOPTY BHKOPHUCTOBYIOTHCS Uil BHIaui

azpecHoi iHpopMallii Mpyu 3BepHEHHI 70 30BHIIIHKOI MaM'sTi mporpam

a0o maHuX (SKIIO BUKOPUCTOBYETHCS 16-01TOBa ampecarlisi 0CTaHHBO1).

P3 — BocbMu OiTHMIA KBa3i ABOHAIIPaBICHUH MOPT, aHANOTiYHUA. P1;

KpiM TOro, BHCHOBKM IIbOI'O MOPTY MOXYTb BHKOHYBAaTU psiX

aTbTePHATUBHUX (YHKIIHA, SKi BHUKOPHCTOBYIOTBCA TIpH POOOTI

TaiiMepiB, MOPTY MOCIIIOBHOTO BBEJICHHSA-BUBEICHHS, KOHTpOJIEpa

nepepuBaHb, 1 30BHIIIHBOI aM'sITi IPOrpaM 1 JaHUX.
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2.2 CTpyKTypa MiKpOKOHTpoJepa

OcHoBy ctpyktypHOi cxemu MCSS51 (puc. 2.2) yTBOpPIOE BHYTPIIITHS
JIBOHAIIpaBJIcHa 8-0iTHA IIMHA, SKa TIOB'SI3y€ MiX COO0I0 BCi OCHOBHI BY3JIH
1 IpUCTpoi: pe3uaeHTHy nam'sth nporpam (RPM), pe3uneHTHYIO mam'sTh
nanux (RDM), apudmernko-noriune mpuctpiii (ALU), 610Kk pericTpiB
crierianpbHuX (GyHKION, npuctpiit yrnpamiaas (CU) i mopTd BBeACHHS /
BuBoay (PO-P3).



33

PosrissHEMO  OCHOBHI ~ €1€MEHTH CTPYKTYpH 1  OCOOIHBOCTI
opramnizaiii oouncroBaIbHOTO TIportecy B MCSS51.
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Pucynok 2.2 — CtpykrypHa cxema MCS51
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2.2.1 ApudpmeTuKo-JIOTiYHUI NpHCTPiii

8-0itoBe apudmeruxo-aorigauit nmpuctpii (ALU) Moke BUKOHYBaTH
apudmMeTnyHi omepanii CKIaJaHHs, BiIHIMAHHS, MHOXXEHHS 1 IiJICHHS,
noriuni omepanii I, ABO, mo Bukmouae ABO, a Takox omeparii
[UKJIIYHOTO 3CYBY, CKUAAHHS, IHBEPTYBAaHHA i T.I. J[0 BXOIIB ITiAKIIFOYCHI
nporpamHo-HepocTymHi perictpu T1 1 T2, nmpusHadeHi A7 THMYacoBOTO
30epiranHs omnepaHaiB, cxema necsaTkoBoro kopekuii (DCU) i cxema
(hopMyBaHHS 03HAK pe3ynbTaTy onepaii (PSW).

HaiinpocTtima omepamist 1o1aBaHHS BUKOPUCTOBYEThca B ALU mms
WHKPEMEHTUPOBAHUSI BMICTY PETICTpiB, MPOCYBAaHHS PETICTpa- MOKAKYMKA
mannx (RAR) 1 aBTOMarmyHOro OO4YMCICHHS HACTYITHOTO aipecu
pesumeHTHOI TaM'aTi mporpaM. Haiimpocrima omepariiss  BigHIMaHHS
BHUKOPHUCTOBY€eThCS B ALU 111 IeKpeMeHTipoBaHisl pericTpiB i MOPIBHIHHS
3MIHHHX.

Haiimpocrinn omeparii aBTOMaTHYHO YTBOPIOIOTH "TaHmeMH' s
BUKOHAHHS TAaKWUX OIEpalliii, SK, HaNpuKiIaa, WHKpEMEHTHpoBaHHE 16-
O0iTHux peectpoBux map. Y ALU peamizyerbcss MexaHi3M KacKaJHOTO
BUKOHAaHHS HaWOpOCTIIIMX OIepauiid Ais peajizamii CKIaIHUX KOMaHJI.
Tak, Hampukiaj, NMpu BHKOHAHHI OAHIET 3 KOMaHI YMOBHOI mepenadi
yIpaBIliHHS 10 pe3ynbraTy nopiBHsHHSA B ALU Tpu4i WHKpEeMEHTUpYyeTCs
munnbHuk  koMmaHn (PC), aBiui mpoBomutbes uutanHa 3 RDM,
BHKOHYETHCS apu(MeTHYHE TMOPIBHSHHS ABOX 3MiHHHX, (opMyeThcs 16-
0iTOBy azpecy mepexoay i MpUHMAETbCA PIMIeHHS NPO Te, POOUTH UM HE
pobuTH mepexin 3a mporpaMmoro. Bci nepepaxoBani onepailii BAKOHYIOThCS
JIUIIE 32 2 MKC.

BaxmmBoto ocobmmBictio ALU € #ioro 3maTHICTH omepyBaTth He
TiNbKK OaiiTamu, ane i Outamu. OKpeMi MPOrpaMHO-AOCTYIHI OiTH MOXYTh
OyTH BCTAaHOBJICHi, CKHMHYTi, IHBEpPTOBaHi, IepeAaHi, MepeBipeHi Ta
BHKOPHCTaHI B JIOTIYHWX omeparnisx. Ll 3maTHICTE JOCUTH Ba)IMBa,
OCKIJIBKH JUIsl YIIPaBIiHHS O0'€KTaMH 9acTO 3aCTOCOBYIOTHCSI aJTOPUTMH,
0 MICTATh ONeparii HajJ BXIIHUMH Ta BUXIIHUMHU OYJCBI 3MiHHUMH,
peamizamis SKUX 3aco0aMH 3BHYAHHX MIKPOIPOIECOPIB TOB'A3aHa 3
[IEBHUMU TPYJHOILAMH.

Takum umHoM, ALU Moxke omepyBaTH dYOTHpPMa THUIIAMH
iHpopmaniitnux o6'extiB: Oynesi (1 6ir), uupposumu (4 6ita), GalTHIMU
(8 6it) 1 agpecaumu (16 6it). Y ALU Bukonyerbcs 51 pisHa ormepartis
NepecuianHs ado NMEePeTBOPEHHS IUX AaHUX. Tak sk BUKOPUCTOBYEThCs 11
pexxuMiB anpecartii (7 ans naHux i 4 Uit anpec), To MUITXOM KOMOIHYBaHHS



35

oreparlii i pexxumMy azapecarii 6a3oBe uncio komass 111 po3mmproerbes 10
255 3 256 MOXIUBUX TIPU OJTHOOANTHOM KOJIi OTIepartii.

2.2.2 Pe3supentHa mnam'AThL @Oporpam/maHux i pericTtpu
3arajJibHOIr0 NPU3HAYEHHS

PesugentHi (po3MimeHi Ha kpuctaii) mam'ste mporpam (RPM) i
nam'ste ganux (RDM) ¢ismuHo 1 JoriyHo posfmineHi, MaioTh pi3Hi
MEXaHI3MH ajpecarlii, HpaiooTh MiJ YNPaBIiHHAM pI3HUX CHUTHAJIB 1
BUKOHYIOTbH Pi3Hi QyHKHII.

2.2.2.1 Ilam'aTH mporpam.

[am'site mporpam RPM mae emuicts 4 Kbaiita i mpu3HavueHa ajs
30epiraHHs KOMaHJ, KOHCTaHT, KEPYIOUHMX CJiB iHimiami3allii, TaOJHIb
MEPEeKOyBaHHS BXIIHUX 1 BUXITHUX 3MIHHUX 1 T.I. [laM'ate mae 16-6iTHY
LIMHY aJpECH.

IIpu 3BepHeHHi A0 30BHIHBOI mnam'ati nporpam (EPM) Bci
MIKpOKOHTpOJiepr cimeiictBa 8051 3aBkaum BUKOPUCTOBYIOTH 16-
paspamHuii azapeca, 1o 3abesnedye imM jgoctyn jgo 64 Koaiir I13VY.
MiKpOKOHTpOJIEp 3BEPTAETHCS A0 MPOTrPaMHOi MaM'sITi MPH YUTaHHI KOAY
oreparlii Ta orepanIiB (BUKOPUCTOBYIOUH JYMILHUK KoMaH 1 PC), a Takox
IIpH BHUKOHAHHI KOMaHJ| TepeHeceHHs OaliTa 3 maM'aTi mporpam B
akymynstop. [Ipy BUKOHaHHI KOMaHJA TICPEHECCHHs JaHHWX ajapecaris
KOMIpKM Tam'sTi mporpam, 3 SKOI OyIOyTh MpOYHTaHI JaHi, MOXKe
3MIMCHIOBATHCS 3 BUKOPHUCTAHHSIM SK JidmibHuKa PC, Tak i1 crieriaibHOTO
nByx0aiiToBoro perictpa-nmokaxurka qannx DPTR.

[lam'siTb naHMX i pericTpu 3aranbHOro npusHayeHHs. [lam'aTe nqanux
RDM mnpusHaueHa s 30epiraHHs 3MiHHHX B TIpOLeCi BUKOHAHHA
MPUKIATHOI MPOTpaMH, aApecyeThesi OMHUM OalWTOM i Mae eMHicTh 128
6aiiT. Kpim Toro, mo i agpecHOro mpocTopy NpUMHUKAIOTh apEeCH PETiCTpiB
cremianpHuX (QYHKIIIH, SKi mepepaxoBaHi B Tadmmii 1.2.

[laM'aTh gaHWX, TaKk caMo SK 1 TaM'sATh TIporpamM, Moxe OyTH
posmpena 10 64 KOalWT nuisxoM MiJKIFOYCHHS 30BHIIIHIX MIKPOCXEM.
[epmri 32 Oalita opraHi3oBaHi B 4YOTUpU OaHKH PETiCTPiB 3araJbHOrO
npusnaueHHss (POH), mo3nauarorbes BimmoBigHo Oank 0 - Gank 3 (amB.
tabmuiro 1.1). KokeH 3 HUX ckiamaeThes 3 BocbMu perictpiB RO - R7. Y
OyAb-sSIKMii MOMEHT mporpami NOCTYIHHH TiNbKH OIUH OaHK PETICTPiB,
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HOMEp SKOTO MICTHTBCS B TPEThOMY 1 UYETBEpTOMY OiTax ClioBa CTaHy
nporpamu PSW (muB. Hixue).

Yac, mo 3aquIIUBCs aApecHUH MPOCTip MOKE KOHPHUTYPHUPOBATHCS
PO3POOHHUKOM Ha CBiif pO3Cyl: B HhOMY PO3TaIlIOBYIOTHCS CTEK, CUCTEMHI 1
MIpU3HAYCHI JI1 KOPHCTyBada 00JacTi MaHWX. 3BEPHEHHS IO OCEPEAKiB
maM'aTi JaHUX MOXKIIMBO NBOMa crocobamu. Ilepmmii cmocid — mpsma
ajpecailisi KOMIpKH mam'sTi. Y IIbOMY BHIIQJIKy aJpeca OCEPeIKy €
OIepaHIOM BiJMOBiHOT KoMaHau. J[pyruii croci6 — HempsiMa aapecartis 3
moriomoroto perictpiB RO a6o R1: mepen BukonanasMm 17 BimmoBigHOL
KOMaH/IM B OJIUH 3 HUX MOBHHEH OyTH 3aHECEHU ajpeca KOMIPKH, 10 SKOT
HeoOXimHO 3BepHyTHCS. [N 3BepHEHHsI /0 30BHIIIHBOT MaM'sATi JaHUX
(EDM) BHUKOPHICTOBYETHCS TIIBKH HEMpsMa aapecalliss 3 JOIOMOTOI0
perictpiB RO i R1 a6o 3a gomomoroio 16-po3psaHoro pericTpa-moKaKInKa
DPTR. Bin HanexuTs 10 TPYyIH pericTpiB cneuianbHuX GYHKUIH, 1 3 Horo
JIOTIOMOTOI0 MOXHa anpecyBaTH Bci 64 KoOalita 30BHIIIHBOI ITaM'sTi.
YactuHa mam'siTi JaHuX SBIsSIE COO0I0 Tak 3BaHy OIiTOBY 00yacTh, B Hill €
MOJKJIMBICTb 3a JIOTIOMOT'OO CIIEIiaJbHIUX OITOBUX KOMaH] aJ[peCOBUBATHUCS
JI0 KOXHOTO PO3PsLy OCEPEKIB maM'saTi. Ajpeca mpsMo aIpecoBaHmX OiTiB
Moxe OyTtm 3amucanuii abo y Burmimi (ampeca baiira). (Pospsn),
Hanpukiaz Bupas3 21.3 o3Havae TpETiit po3psi KOMIPKU MaM'sTi 3 afpecoro
21H, abo y Burisni abcoyoTHOr0 0iTOBOTO ajgpecu. BiamoBigHICTh muUx
JIBOX CTIOCO0IB ajipecarlii MO>kKHa BUSHAYUTH 110 TAOIHUII.

Tabauus 2.1 — Aapecu OiTOBMX 00JIacTel mam'siTi MIKpOKOHTpoJiepa
8051 1 pericTpiB 3arajibHOTO MPU3HAYCHHS.

Anpeca 6ity Ajpecu OiTiB 3a po3psiiaMu
Adr D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
2FH 7F | 7E | 7D | 7C | 7B | TA | 79 | 78
2EH 77 |76 |75 |74 |73 |72 |71 | 70
2DH 6F | 6E | 6D | 6C | 6B | 6A | 69 | 68
2CH 67 |66 |65 | 64 | 63 | 62 | 61 | 60
2BH 5F | 5E | 5D | 5C | 5B | 5A | 59 | 58
2AH 57 | 56 |55 |54 |53 | 52 | 51 | 50
29H 4F | 4E | 4D | 4C | 4B | 4A | 49 | 48
28H 47 | 46 |45 | 44 | 43 |42 |41 | 40
27H 3F |[3E|3D|3C |3B|3A |39 ]38
26H 37 |36 |35 |34 |33 3 |31 ]30
25H 2F |2E | 2D | 2C | 2B | 2A | 29 | 28
24H 27 |26 |25 |24 |23 |22 |21 |20
23H 1F |1E | 1D | 1C | 1B | 1A | 19 | 18




Mpumitka. Agnpeca mpsMo ajpecoBaHHx OITiB Moxe OyTH
3amucanuii abo y Burisai Bupasy (agpeca baiita). (Pospsn), Hampuknan
Bupa3 21.3 o3Hayae agpecy TPETHOTO PO3PSAY KOMIPKHU IMaM'sITi 3 aipecoro
21H, abo y Burisi abCOMOTHOTO OITOBOTO aapecH, SKU JJIs JaHOTO OiTa
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22H 17 (16 |15 |14 |13 |12 |11 | 10
21H OF |OE |[OD | 0OC | OB | OA | 9 8
20H 7 6 5 4 3 2 1 0

1FH ... 18H Bbank 3 P3I1

17H ... 10H Bbank 2 P3I1

OFH ... 08H banx 1 P3I1

07H ... OOH Bbank 0 P3I1

nopisxioe (auB. Tabmuio 2.1) 0B.

2.2.2.2 Perictpu cnienianbHux pyHkmii

o anpecHoro mpocTopy mam'saTi JaHUX MPUMHUKAE aIPECHUH MTPOCTIp

pericrpis crierianpuux ynkuiii SFR (Special Function Register).

Tabauust 2.2 — Po3MilleHHS pericTpiB creniadbHuX (YHKLIH B

npocropi SFR Anpeca CumBou

Anpec | CumBon | HalimenyBaHHs

0EOH | *ACC AxkymyssTop (Accumulator)

OFOH | *B Peructp pacumpurens akkymyisitopa (Multiplication Register)

ODOH | *PSW CnoBo coctostaust nporpammsl (Program Status Word)

080H | *PO ITopt 0 (SFR P0)

090H | *P1 ITopr | (SFR P1)

0AQH | *P2 ITopr 2 (SFR P2)

0BOH | *P3 ITopt 3 (SFR P3)

081H | SP Peructp ykaszarens creka (Stack Pointer)

083H | DPH Crapmmii 6aliT peructpa ykasarens qaHHex DPTR (Data Pointer
High)

082H | DPL Muaammit 6aiiT perucrpa ykaszarens aaHasix DPTR (Data Pointer
Low)

08CH | THO Crapmmuii Gaiit Taiimepa 0 ()

08AH | TLO Muammii 6aift Taiimepa 0 ()

08DH | TH1 Crapmmuii GaiiT Taiimepa 1 ()

08BH | TL1 Muaumii Oaift Taiimepa 1 ()

089H | TMOD | Peructp pexxumoB Taitmepos cuetunkos (Timer/Counter Mode
Control Register)

088H | *TCON | Peructp ynpasnenus cratyca taiimepos (Timer/Counter Control
Register)

0B8H | *IP Peructp npuopureros (Interrupt Priority Control Register)
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0A8H | *IE Peructp macku npepbiBanus (Interrupt Enable Register)
087H | PCON Peructp ynpasnenus mousoctsio (Power Control Register)
098H | *SCON | Peructp ympasienus npuemonepenarurkom (Serial Port Control
Register)

099H | SBUF Bydep npuemonepenatunka (Serial Data Buffer)

Ipumirka. Perictpu, cuMmBOn fKHUX Big3HayeHHH 3HaKoM (*),
JIOTTYCKAIOTh aJpecallifo CBOIX OKpPeMHX OIT MPH BHKOPHUCTAaHHI KOMaHH 3
rpynu KOMaH[ omepariii Hax Oitamu. AjpecH, 3a SKMMH pO3TAIlIOBaHi IIi
perictpu, HaBeaeHi B Tabmumi 2. 3.

Tadauua 2.3 — Kapra agpecoBaHunx OiTiB B OJOI pericTpiB
crienianbHuX QYHKIIN
Anpeca JIVEE:

Gaiity Anpecu OITiB 3a po3psaamMu pericTpy

Adr | D7 [ D6 | D5 D4 | D3 | D2 [ D1 [ DO | Name
FOH | F7 | F6 | F5 | F4 | F3 | F2 | F1 | FO B

EOH | E7 | E6 [ E5 | E4.|”E3 [E2 [E1 ] EO ACC

DoH | D7 | D6 | D5 | D4.|“D3 | D2 [ D1 | DO PSW

BeH - - 1= |Bc'|”BB|BA|39|Bs P

BO B7|B6|BS|B4.|“BS|BZ|Bl|BO P3

ASH | AF] - | - | AC | AB | AA | A9 | A8 IE

AOH | A7 | A6 [ A5 | A4'|”A3 [ A2 [AL] A0 P2

98H | 9F J9E[9D [ 9C [ 9B [ 9A [ 99 | 98 | SCON

9H | 97 [ 96 [ 95 [ 94 '|”93 [ 92 o1 ] 90 P1

88H | oF | 8E ][ 8D | 8C.|NSB [ 8A [ 89 ] 88 TCON

80H | 87 | 86 [ 85 | 84 .|”83 | 82 [81] 80 PO

IpumiTtka. Anpeca mnpsMo agpecoBaHHX OITIB Moxke OyTH
3anucannii abo y Burisaai Bupasy (Hasea Perictpy). (Po3psa), Hampukian
Bupa3z SCON.3 o3Hauae agpecy TpeThoro pospsay perictpa SCON, abo y
BHUIJIA/I a0COIFOTHOTO OITOBOTO aJIpecH, sSIKHiA JUIs NaHOTO OiTa JOPIBHIOE
(muB. Tabmuiro 3) 9B. Kpim Toro, meski OiTu pericTpiB MarOTh BJacHi
Ha3BM, TaK HANpWKIaa naHuii Oir Mae Ha3y TB8. Bigznaummo, 1o
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pericTpu 3aliMaroTh Jiniie 4acTuHy 128-0aliTOBOTO agpecHOro MmpocTopy.
Tobro ocepenku mam'siti 3 anmpecamu 80H-OFFH, sxi He 3aiiHATI
perictpamu, (ismyHO BigCyTHi, Ha KpucTamax 20 MIKPOKOHTpOJEpiB
cimerictea 8051 mpu 3BepHEHHI 10 HHX MOXKHA NPOYUTATH JIMILIE KOJ
KOMaHI! [IOBEPHEHH.

/
0.0

7
0.0

53

o

7
0‘0

e

%

Perictpu cnemianpHuX (QYHKIIH KepyooTh poboToio OJOKIB, M0
BXOJISITh B MiKPOKOHTPOJIEP.

Perictpu-3acyBku SFR mapanensnux noprtiB PO ... P3 - ciyxats s
BBEJICHHSI-BUBEACHHS 1H(pOpMAITIii.

[Bi peectposi napu 3 imenamu THO, TLO i TH1, TL1 sBastrors co6oro
perictpu, JABOX MNpPOrpaMHO-KEepoBaHMX 16-0iToBHX  TaiimepiB-
JIYUIIBHUKIB.

Pexumu  TaliMepiB-TIUMIBHHUKIB  337alOThCSI 3  BHUKOPHUCTAHHSAM
perictpa TMOD, a ymnpaBiiHHS HUMH 3AIHCHIOETHCS 38 JOINOMOTOIO
perictpa TCON.

JAnsa  yopaBmiHHS — peXUMaMH — €HEprocrnokhBaHHA Mikpo-EOM
BUKOPUCTOBYETHCS

perictp PCON.

perictpu IP i IE xepytoTs poboToio cucremu nepepuBanb Mikpo-EOM,
perictpu SBUF i SCON - po6oToto npuiiMada nociiJoBHOTO MOPTY.
Perictp-nokaxuuk creka SP B Mikpo-EOM posrisiHyTOrO cimMeiicTsa -
BochMH OiTHHMIA. BiH Moxke anpecyBaTH Oynb-siky 001acTh
BHYTpIIIHROI mam'sTi nammx. Ha BigMmiHy Bim Mikpomporecopa
KP580BMS80, y mikpo-EOM cimeiictBa 8051 crex «pocte Bropy»,
To0TO Tepen BukoHaHHAM komaHmu PUSH a6o CALL Bwmict SP
WHKPEMEHTHUPYETCs, IICIs 4YOro MPOBOJAUTHCA 3amuc iHdopmarii B
crek. BignosigHo mpu noOyBanHi iHdopmanii 3 creka perictp SP
JEKpEMEHTUpYeTCsl TMicisi BuiydeHHS iHQopmanii. B mponeci
iHimiamzamii Mikpo-EOM  micns curHainy CckugaHHa abo  TpH
BKIIIOUCHHI Hampyru >xuBieHHS B SP 3aHocutbes kon 07H. lle
O3Hayae, M0 TEpIIUi elNeMEeHT cTeka Oyne po3TalloBYBaTHCS B
KoMipii mam'siTi 3 anpecoro 08H.

Perictp-mokaxxunk manmx DPTR Haligacrime BHKOPHUCTOBYIOTH IS
¢ikcamii 16-6iTHOTO aapecu B Omepamisix 3BEPHEHHS 10 30BHIIIHBOT
nam'aTi mporpaMm i JaHMX. 3 TOYKH 30py Iporpamicra BiH MOXe
BHCTYIIATH K Y BUTIAAL OMHOTO 16-0iTHOTO pericTpa, Tak i y BHTIISAML
IBOX Hezanexnux perictpie DPL i DPH.
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akymynstop ( ACC) e mxepemoMm omepanaa i wmicueMm (ikcartii
pe3yibpTaTy TpH BUKOHAHHI apH(PMETHIHHX, JIOTIYHUX OIepariii i
pany omepauiii nepenaui gaHux. Kpim Toro, TiTbKM 3 BUKOPUCTAaHHIM
aKyMyJIITOpa MOXYTh OyTHM BHKOHAaHI olepamii 3pylleHb, IepeBipKa
Ha HyJb, (pOpMyBaHHS Ipamopa MapuTeTy i T.I. Y PO3MOPSIKEHHI
KOpHCTyBaua € 8 pericTpiB 3aranpHOTO mpusHaueHHs RO-R7 oxHoro 3
YOTHPHOX MOXJIMBHUX OaHkKiB. [Ipy BHKOHaHHI 0araTboX KOMaHJ B
AJLY ¢opmyeTses psin 03HaK omnepauii (pamnopis), sKi GiKCYIOThCS B
perictpi PSW.
Perictp B BUKOpPHCTOBYETBCS SIK JDKEpeNno 1 SK OpuidMad mpu
olepaLisix MHOKEHHS 1 AiJICHHS, 3BEPHEHHS 10 HBOTO, SIK 0 PEricTpy
SFR, BHpOOIIETHCS aHATIOTITHO aKyMYJISITOPY.
[Ipn BUKOHAHHI PsSIy KOMaHJ B apu(hMETHKO-JIOTIYHOMY MPHUCTPOL
(AJIII) dopmyroTbCca 03HAKHM Omepauiid - IpanopH, siki (iKCyroThCS B
perictpi PSW. V Ttabnumi 2.4 HaBOogUTHCS Tiepelik mpamopiB PSW,
JTAIOTHCS X CUMBOJIIYHI IMEHA 1 OMICYIOTHCS YMOBH iX (hOpMyBaHHS.
Ta6auus 2.4 — dopmar ciioBa crany mporpamu PSW.

CumBou | Pospsan IM’s Ta mpu3HAYEHHS
p p

C

PSW.7 ®rnar npiopureTy. BcTaHOBIIOETHCS 1 CKUIAETHCA amapaTHO B
KO>KHOMY IIMKJII KOMaH/H 1 hikcye HenmapHe / TapHe YUCIIo
OJIMHUYHHX 0IT B aKyMYJISITOPi

AC

PSW.6 He BUKOpUCTOBYETBCS

FO

PSW.5 ®nar nepenoBHeHHsI. BCTaHOBIIOETHCS 1 CKUIAETHCS allapaTHO
1pH BUKOHAHHI api(MEeTHYHHX omepariii

RS1
RSO

PSW.4 Bitn BHOOpY BUKOPHUCTOBYBAHOTO OaHKY pericTpiB. MOXyTh
PSW.3 OyTH 3MiHEHI IPOTPAMHUM IUIIXOM
RSO | RS1 | Bank | Mexi anpec O3Y
0 0 0 00H - O7H
1 0 1 08H - OFH
0 1 2 10H - 17H
1 1 3 18H - 1FH

ov

PSW.2 ®nar koprctyBaya. Moxe OyTH BCTaHOBIJICHUH, CKHHYTH a00
NIepeBipeHHii IPOrpaMor0 KOPHCTyBaya

PSW.1 ®drnar JONOMIKXHOTO IEPEHOCY. BCTaHOBIIOETHCS | CKUAAETHCS
TIIBKY alapaTHAMHK 3ac00aMH PH BUKOHAHHI KOMaH
JIOIaBaHH 1 BiAHIMAHHS 1 CHTHAITIZY€E PO NIepeHeCeHHs a00
MO3WKY B OHTE 3 aKyMynsTopa

PSW.0 ®iar nepeHeceHHs. BCTaHOBIIOETBCS 1 CKUAAETHCS SIK
anapaTypHO, TaK i MPOrpaMHUM IUISIXOM
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Haii6inem "aktuBHuUM" mparopom PSW e mpamop mepeHocy, skuit
Oepe ydacTh 1 MOTU(IKYETHCS B TPOIECi BUKOHAHHS O€3Iidi ormepartii,
BKJIIOUAIOYM JIOJIaBaHHS, BifHIMaHHS i3pymieHHs. Kpim Toro, mparmop
neperocy (C) BukoHye QyHkuii "OyneBa akymynsTopa" B KOMaHIaX, LI0
MaHimy i0oTh 3 Ouramu. Ilpamop mnepemoBHenHs (OV) dikeye
apu(MeTnyHEe TEpenoBHEHHA NpPH OINEpamisx Haa IUIMMH YHACIaMH 3i
3HaKOM 1 pOOMTH MOKJIMBHUM BUKOPHCTaHHS apHU()METHKH B JOJATKOBUX
koxax. ALU He kepye npanopamu cenekuii 6anky perictpis (RS0, RS1), ix
3HAYEHHS [OBHICTIO BH3HAYa€ThCs  NPUKIAJHOI  MPOrpaMoro i
BHUKOPHUCTOBYETHCS AJIs1 BHOOPY OJJHOTO 3 YOTHPHOX PEECTPOBUX OAHKIB.

VY Mikponpouecopax, apXiTeKTypa SIKUX CIIUPAETHCS HA aKyMYJIATOD,
OUTBIIICTE KOMaHJ TpPAmOIOTE 3 HHAM, BHKOPHUCTOBYIOUHM HESBHY
anpecamiro. B Intel 8051 inma cnpaBa. Xo4a mporiecop Mae B CBOiif OCHOBI
aKyMyJISITOp, BiH MOX€ BHKOHYBAaTH Oe3nid KomaHz i 0e3 Horo ywvacri.
Hampuknazn, mani MokyTh OyTH TepenaHi 3 Oyab-skoro enemenry RDM B
OyIb-SIKWiL pericTp, OyIb-SKH pericTp Moxe OyTH 3aBaHTKCHUU
Oe3nocepeHiM orepanaoM i T.1. bararo soriuni omepanii MOXyTh OyTH
BUKOHaHI 0e3 yuwacTi akymynsTopa. Kpim Toro, 3miHHI MOXyTh OyTH
IHKpEeMEHTIpOBaTh, JEKPEMEHTIPOBaHM 1 TepeBipeHi 0e3 BUKOPHCTaHHS
akymyinsitopa. [lpamopu Ta Kepyrodi OiTH MOXKYTh OyTH IepeBipeHi i
3MiHEHi aHAJIOTi4HO.

2.3 Ipucrpiii ynpasinaa i cuHXpoHizawii

KBaproBuii pe3oHaTop, 1m0 MiAKIIOYAETHCS 10 30BHIINTHIX BHCHOBKIB
MIKPOKOHTpOJIepa, Kepye poOOTOI0 BHYTPIIIHBROTO TE€HEpaTropa, SIKHil B
CBOIO 4epry (opMye CUTHAIM CHHXPOHI3aIIil.

Ipuctpiii ynpasninast (CU) Ha OCHOBI CHUTH&JIIB CHHXpOHi3amil
(hopMye MammHHUNA TUKIT (iKCOBaHOI TpHWBAJIOCTI, piBHOI 12 mepiogam
pe3oHaTopa abo IIeCTH CTaHiB MEPBUHHOTO Kepyrodoro aBromata (S1 - S6).
Koxne cran kepyrodoro aBromaTta MicTuth ABi Qazu (P1l, P2) curnanis
pesonaropa. Y ¢azi P1, sk mpasuno, BukoHyeThes omepamis B AJIIL a B
(hazi P2 3miiCHIOETBCS MIXKPETICTPOBUX Iepenada. Bech MammmHHUN TTAKIT
ckianaeTbest 3 12 ¢as, 23 nmoumnnatouu 3 ¢azu S1P1 i 3akinuyroun dazoro
S6P2, sk mokazano Ha puc. 3. L{g1 TumuacoBa miarpama imocTpye poOoTy
npuctporo ynpasmiaas MCS51 npu BuOIpIl i BHKOHaHHI KOMaH Pi3HOTO
CTyHeHs CKIagHOoCcTi. Bce 3amTpuxoBaHi CHUTHalM € BHYTPIIIHIMH 1
HeAoCTymHI kopucTyBadeBi MCSS51 s KOHTpoOO. 3O0BHIIIHIMH, SKi
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CIIOCTEPIraloTbCsl CHUTHAJaMU € TUIBKM CHTHAJM pe30HaTopa i cTpubae
anpecn 30BHIMHLOI mam'sti (ALE). Sk BHAHO 3 THMYAacoBOi Jiarpamu,
curHan ALE ¢opmyerscst nBivi 3a oqun MammHeMN ki (S1P2 - S2P1 i
S4P2 - S5P1) 1 BUKOPUCTOBYETbCS AJIs1 YIIPABIIHHS MPOLECOM 3BEPHEHHS
J10 30BHILIHBOI aM'sITi.
binpmricte KOMaHA MIKPOKOHTpOJIEpa BHUKOHYEThCA 33 OIUH
MaIIMHHUK UK. Jleski KOMaHIH, SIKi ONepyIoTh 3 2-0alTHUMHU CIOBaMu
a0o 1MoB's13aHi 31 3BEpHEHHAM [0 30BHIITHBOI TaM'ATi, BAKOHYIOTHCS 32 JIBa
MAIIMHHAX TUKITY. TiTbKM KOMaHAM JIJICHHS 1 MHOXXEHHS BHUMAararoTh
YOTHPHOX MAaIIMHHUX LUKIiB. Ha ocHOBI mmx ocobnmBocTedl poboTn
MPUCTPOIO  YNPABIiHH], MPOBOJUTHCS PO3PAXyHOK 4Yacy BHKOHAHHS
IIPUKJIAJHUX IPOrpaMm.
|SI|SZ|SBIS4ISSISG|SI|SZ|SBIS4ISSISBIS1|
P1 P2 P1 P2 P1 P2'P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1P2P1P2PIP2PIP2

—

me I L i

|

|

|

|

I Yrenue cnegyowere KOM (oTbpacwiBasTea) |

! i_LI S Yrenue cnegyowero KOM cHoea :
a) ' _t | I
T 1 |

|

|

|

|

| Yrenue KOM I “Y7eHue sToporo GaiTa KoMaHasl I
II_Ll II_LI o — Yrenue cnegyowero KOM cHoea
5) e
: : : : Yrenune cnegyowero KOMM cHosa
: Yrenme KOM : Yrenuwe cneaywowero KOM (oTbpaceieaeTcA) : \-
-
8) F _I
| Y1enue cnegyowere KOM (oTdpacsieaeTtcA) I Yrenue cnegyowero KOM cHoea
| i i Het urenus KON i
Yrenue KOM | \-

| I | I
== - —
| Het I
OfpaweHue ALE

K BHELHEA NaMATH AaHHBIX

a - koMaHnga 1 6ait / 1 muki, Hanpukiag INC A; 6 - komanga 2 Oaiita / 1 ouk,
Hanpukiag ADD A, # d; B - komanpga 1 Gaiit / 2 nukiy, Hanpuknag INC DPTR; r - komanna
1 Gaiit / 2 nukity, Hanpukiaax MOVX

Pucynok 2.3 — ITociinoBHOCTi BUOipKH i BUKOHAHHS KoMaH] B MCS51.
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2.4 OQOpranizanis noprie BBeJIeHHS/BMBOAY MiKPOKOHTpoOJepa
8051

Bci wotupu noptu (P0O-P3) mpusnaueHi aj1st BBeZieHHs1 a00 BUBEICHHS
iHpopmarii mobaiTHO.

Koxxen 3 mopriB MicTuth pericrp-3acyBky (SFR PO - SFR P3),
BXigHUN Oydep 1 BuxigHuil apaisep. KoxxeH 3 po3psuiB pericrpa- 3aCyBKU
SFR € D-tpurepom, iHpopmalisi B SIKUil 3aHOCUTHCA 3 BHYTPILIHBOI IIWHH
JaHUX MIKpOKOHTposepa 3a curaaiom «3amuc B SFR Px» (x =0, 1, 2, 3)
Bix meHTpanbHOTO TporiecopHoro eremenrta (CPU). 3 nmpsimoro Buxomy D-
Tpurepa iHdopMmaimis Maxke OyTH BHBEICHA Ha BHYTPIIIHIO IIWHY IO
curnany «Yuranas SFR Px» Bim CPU, a 3 BuBeneHHs Mmikpocxemu ( «i3
30BHINIHBOTO CBITY») 3a curHajgoM «UwraHHs BUCHOBKIB Px». OmnHi
KOMaHAM akTuBi3ytoTh curHan «Ywuramns SFR Ply, inmi - «Ywuranas
BUCHOBKIB PI». BuxinHi apaiiBepu moptiB 0 i 2, a Takox BXigHuil Oydep
mopty 0 BUKOPHCTOBYIOTHCS TIPH 3BEpHEHHI 10 30BHIMHBOI maM'sati (BIT).
[Ipu upomy dwepe3 mopt 0 B pekuMi THMYACOBOT'O MYJILTHILICKCYBAHHS
CIIOYaTKy BUBOAMTHCS MoOJIoIIHiA OaiiT anpecu BII, a moTiM BumaeThes abo
npuiiMaeTbest OalT maHux. Yepes mopT 2 BHBOIWTHCA CTapIIUi OalT
aJIpecH B TUX BHITAKaX, KOJIU PO3PSIHICTE aipecu AOPiBHIOE 16 OiT.

Bci BucHOBKH mopTy 3 MOXYTh OyTH BHUKOpPHCTaHI sl peajizanii
aIbTepHAaTUBHUX (yHKLIH, nepepaxoBaHux B Tabmumi 6. Lli ¢yskuii
MOXYTh OyTH 3ajisHI nugxoM 3amucy 1 y BignosigHi OiTH perictpa-
3acyBku (P3.0-P3.7) mopty 3.

ITopt 0 € nBOHampaBieHNM, a MOPTH 1-3 - KBa3iAByHampaBliCHHHUE.
Koxna niHis OpTiB MOXKe OyTH BHKOpPHCTaHA HE3aJEKHO I BBEIACHHSA
a00 BUBEICHHS.

3a curHanom RST B perictpu-3acyBkH BCiX TOpPTIB aBTOMAaTHYHO
3alUCYIOThCS OJNMHHMII, SIKI HaJTalITOBYIOTH IX THM CaMUM Ha DPEXHUM
BBEJICHHSI.

Bci moptu MOXKyTh OyTH BUKOpPHCTaHI Ui opraHizaiii BBEACHHS /
BHUBeJIeHHS iH(OpMaIlii 1O JBOHANpaBICHUM JIiHIAX mnepenavi. OmHak
moptd 0 1 2 HE MOXYTh OyTH BHKOPHCTaHI IJIs Ii€] METH B Pasi, AKIIO
CHUCTEMa Ma€ 30BHIIIHIO MaM'sITh, 3B'I30K 3 SIKOIO OPTaHI30BYETHCS UEpe3
3arajibHy MOJAUIIOBaHY IIMHY ajapecd / NaHuX, II0 MpPalioe B PEXKHUMI
TUMYaCOBOTO MYJIbTUILICKCYBaHHS.
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2.4.1 Oco0UBOCTi eJIEKTPUYHUX XaPAKTEPUCTUK NMOPTIB

Buxinai kackamu tpurepiB SFR mopriB P1 — P3 Bukonani Ha
MOJIbOBUX TPAH3MCTOPAX 3 BHYTPIIIHOI HABAaHTAXKEHHSM, B TOW 4ac SK
anasnoriyHi kackazu tpurepie SFR PO — Ha TpaH3ucTOpax 3 BiAKpUTHM
ctokoM. KoxHa JiHiT OyAp-sKOTO 3 TOPTIB MOXKE  HE3aJIeKHO
BHKOPUCTOBYBATHUCS K JJISI BBENEHHS, TaK 1 JJIs BUBEACHHS iHGOpMAIlii
(mns minid moptie PO 1 P2 me cmpaBemMBO TONI, KOJM BOHH HE
BHUKOPHUCTOBYIOTBCS [UIs1 3BEPHEHHS 0 30BHIIIHBOI MaM'sTi).

Hna nepexnany Oynp-skoi minii moptiB P1 - P3 B pexxum BBeneHHs
iHdopmarii HeoOximHO B BiAmoBigHuii po3psa SFR 3anectu 1. [Ipu npomy
BUXITHMHA  [ONBOBUH  TPAH3UCTOP  BIAKIIOYAETHCA.  BHYTpimIHiN
HaBaHTAXXyBAJIbHUH PE3UCTOP SIK OM «HIATATYye» MOTEHLial BUBEIEHHS 1O
HANpYTH XapuyyBaHHs, B TOH 4Yac sIK 30BHIIIHE HABAHTAKECHHS MOXKeE
3poOuTH #oro HynboBUM. Buximui kackagu mnopry PO maioTe iHmny
CTPYKTYypy. HaBaHTakyBambHWH TIIONHOBHM TpPAaH3UCTOP JIiHII MOPTY
BKJIIOYCHUH TUTBKH TOMi, KOJW TIOPT BUBOAWTH TPH 3BEpHEHHI 10
30BHIINIHBOT MaM'sTi. B 1HIIMX BHIAgKaX HABAHTAXKYBAJIBHUN TPAH3UCTOP
BigKmoueHUH. TakuM YUHOM, TPpU POOOTI B PEXKUMI 3BUYaHOTO BBEICHHSI-
BHUBeneHH: iHQOpMamii (K, Hanpukiaaa, mopT P1) BuxigHi Kackaaw mopry
PO € crymeni Ha TpaH3WcTOpax 3 BIAKPUTHM CTOKOM. 3ammc 1 B
BinnoBigHui O0iT SFR Bifgkatouae i qpyruid TpaH3UCTOP, IO MPU3BOIAUTH JI0
TOrO, 110 BUCHOBOK BIC BUSBISETHCS MiJl «IUIABAIOYMM) HOTEHLIATIOM.

Ockinpkn BUXigHI Kackaau moptie P1 — P3 maroTe BHYTpINIHIO
HABaHTA)XEHHS, TMPH IEpeKyaJi B PEXHUM BBEACHHS iHpOpMaLii BOHU
CTAalOTh JUKEpeJIaMH CTpyMy Ml MiKpocxemMd abo TpaH3UCTOpa,
HABaHTa)XEHUX Ha JaHWI BHCHOBOK.

Tabmuug 2.5 — AnprepratusHi QyHkii BuBoaiB nopty P3

CumBon | Pospsig IM’s1 Ta MpU3HAYCHHSI
RD P3.7 YuTaHHA. AKTHBHUN CHTHAJI HU3bKOTO IziBHH'(I)QpMyeTBCH
arapaTHO IPH 3BEpHEHHI JI0 30BHINIHBOI ITaM'sITi TAHUX
WR P3.6 3anuc. AKTUBHUIL CHTHaJl HU3bKOIO piB{{;{ (1)0'pM.y€TLCSI
arapaTHO IPH 3BEPHEHHI JI0 30BHIIIHBOI ITaM'sITi TAHUX
T1 P3.5 | Bxij raiimepa / miunspHuKa 1 ab0 TecT-BXin
T0 P3.4 | Bxin raiimepa / miunnpHuKa 0 abo TecT-BXix
INT1 P33 B'xin 3allUTY NePePUBAHHS 1. CnpuiiMaeTbCcsl CUTHAN HU3BKOTO
piBHA abo 3pi3
INTO P3.2 B.xin 3IUTY NepepUBAHHA 0. CnpuiiMaeTbcs CUTHAI HU3bKOTO
piBHs abo 3pi3
TXR P31 an?n nepeniaBata I'IIOCJIiL[OBHO.FO nopty B pe?lchi UART.
Buxin cuHxpoHi3allii B pekuMi pericTpa cipira
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Bxix npuiimaya nociigossoro nopty B pexxumi UART. Bain /

RXD P3.0 . . . ’
BUBiJ JaHUX B PEXKUMI pericTpa casira

2.4.2 OcobuBocTi podoTH nopTin

3BepHEHHS IO MOPTIB BBEIACHHSI/BUBOY MOXKIIMBO 3 BUKOPHUCTAHHIM
KOMaH], 110 OTIepYIOTh 3 0alTOM, OKpeMuM OiTOM, TOBIIEHOT KOMOiHAII€I0
oirie. [Ipy mpOMy B THX BHITaJKaX, KOJH MOPT € OJHOYACHO OIMEPAHIOM 1
MICIIEM NpPU3HAYEHHS pe3yNbTaTy, MPUCTPI YHpPaBIiHHSI aBTOMATHYHO
peanizye cnenianbHuil pexxum, sikuiit DC T P3.X Jlinis BHYTp. mKHU 3anuc
B SFR + Ucc uutanns SFR uutanHs BuBeAeHHS & AJbTepHATUBHUM
CUTHAJI BUXOTy AJTbTepHATUBHUN BXiTHUI CHTHA.

HapantaxxeHHs Ha3uBaeThes 'duTaHHSI-Momuikaris-3amuc”. Llei
pPEeXXHUM 3BEpPTaHHS NPUITYCKAE€ BBEJCHHS CUTHAJIB HE 3 30BHIIIHIX BHUBOIIB
TIOPTY, a 3 HOTO PEericTpa-3acyBKH, IO JO3BOJSIE BUKITIOYATH HENPaBUJIbHE
3UATYBaHHS paHimie BuBeneHOi iHGopmarii [1]. Lleit mMexaHi3M 3BepHEHHS
JI0 TIOPTIB peai3oBaHuil B KOMaH aX:

% ANL - noriune I, nanpuknaa, ANL P1, A;
» ORL - noriune ABO, nanpuknan, ORL P2, A;
XRL - Bukmouae ABO, nanmpukian, XRL P3, A;
% JBC - mepexil, sIKIIO B aJIpeCyeThCss OUTE OJMHMIIS, 1 MOAATBIIAN
ckunanHg Oita, Hanpuknaxn, JBC P1.1, LABEL;

+« CPL - iaBepcis Oita, Hanpukian, CPL P3.3;
INC - inkpement nopry, Hanpuknan, INC P2;
» DEC - nexpement nopty, Hanpukian, DEC P2;
*» DINZ - nexpemeHT moOpTy 1 mepexin, AKIIO WOTO BMICT He
JOpiBHIOE Hyo, Ha-nipukian, DINZ r, LABEL;

% MOV PX.Y, C - nepenaua 6ita nepenecents B 0iT X nmopty Y;

s SET PX.Y - ycranoBka 0ita X nopty Y;

% CLR PX.Y - ckunanns 0ita X nopry Y.

30BCciM HE OYEBHJHO, IO OCTaHHI TPU KOMAaHIU B HAaBEICHOMY
CIHCKY € KOMaHIaMu "duTaHHsA-Moaudikaris-zanuc”. OQHaK e caMe Tak.
3a mUMH KOMaHIaMH CIIOYAaTKy 3YHTYEThCS OalWT 3 TOPTy, a IOTIM
3aIUCYETHCSl HOBUI OaliT B pericTp-3acyBKy [1].

[IpuunHoro, depe3 fAKy KOMaHAu "dUTaHHSI-MoIUdikalis-3amuc”
3a0€3MeuyoTh PO3MUTBHHA JOCTYI JIO PETICTPY-KISAMIN TOPTYy 1 [0
30BHIIIHIX BUCHOBKIB TIOPTY, € HEOOXIJHICTh BUKIIOUYUTH MOKIHBICTH
HEMPAaBUIHLHOT'O IPOYUTAHHS PIBHIB CUTHAJIIB HA 30BHIIIHIX BUCHOBKAX.

D3

7
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[pumyctimo it mpuknaxy, mo JiHigs X mopty Y 3'€qHyeThes 3
0a3010 MOTYKHOTO TPAaH3UCTOpA I BUXIAHWIA CHUTHAN HA Hill MpU3HAYCHUN
Ui Woro ympaeninHsa. Konu B nmanuii Oit 3amucana 1, TO TpaH3UCTOP
BKIIIOYAETHhCA. SIKIIO A7l MEpeBipKH CTaHy BHUKOHABYOTO MEXaHi3My (B
HAaIIOMy BHUIAAKy — IOTY)KHOTO TPAaH3UCTOPA) MHPHUKIAIHOI MpOorpamu
MOTPIOHO MPOYHUTATH CTAaH BUXiIHOTO CHTHAIY B TOMY K OWTE MOPTY, TO
3UNTYBAaHHSA CHUTHaly (Hampukiaag, komanmoro MOV ACC, PY) 3
30BHIIIHBOTO BUBEIEHHS MOPTY, a He 3 D-Tpurepa pericrpa-3acyBKu MOpPTY
MpU3BeJe JIO HEMpaBHIBHOTO PE3ysbTaTy: OJWHUYHHMN CHrHal1 Ha 0asi
TPaH3UCTOpa Ma€ BiTHOCHO HU3BKUHU piBeHb 1 Oyae iHTepnpeToBanuii B MK
sk curHan 0. Komanmu "uumraHHS-Momidikariis- 3amuc" peanizyroTh
3YUTYBaHHS 3 PEricTpy3acyBKH, a HE 3 30BHI Ha BUBEJCHHS IIOPTY.

2.5 3aBaaHHA 1J15l IPAKTHYHOI podoTH

BinmoBicTy Ha HACTYTHI MUTaHHA:

1. Sk BinOyBaeTbcs BUKOHAHHA mporpamu B MII, mosicHuTH Ha
cTpykrypHiit cxemi MII (puc. 2.2).

2. SIxi € pericrpu B MIT 8051, sike Tx npu3HayeHHs?

3. IlepepaxyiiTe XapaKTepHi PHCH apXiTEKTYpH MiKpOKOHTPOJIEPIB,
CIPSIMOBaHI Ha B3a€EMOJIII0 3 00'€KTaMH yIpaBIIiHHS.

4. BraxiTh IpU3HAYEHHS PETIiCTPIB CTIELiaTbHUX QYHKIIIH.

5. Ilepepaxyiite anprepHaTHBHI (QYHKIII] MapalelbHAX TOPTIB.

6. B sixoMy cTaHi 3HaXOAAThCS Mapajie’dbHi MOPTH Micist GOpMyBaHHS
curnainy RST?

7. Un M™MoXe TMOpT OJHOYACHO OyTH JDKEpelioM olepaHaa i
npuiiMaueM pe3yJbTaTy orneparii?

8. SIki pericTpu MOXXHa BUKOPHCTOBYBATH JAJIsl HACTYIIHUX LiJIEH:

a. JlomaBaHHS 1 BIZHIMAHHS

b. [lizpaxyHKy 9ucCIia ITUKIIiB

¢. MHo>eHHS 1 JiJeHHS

d. [npukanii HyThOBOTO Pe3yabTaTy

f. Anpecartii BUKOHYBaHOT KOMaHIN

8. Bkaxirh, sIKi 3 pericTpiB cremiaqbHUX (QYHKIIH JOMYyCKaIOTh
0iTOBY aJnpecartito.

9. IlepepaxyiiTe KOMaHIN OTEpAIiii 3 OiTAMH.
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3. MIPAKTUYHA POBOTA Ne3
«OTPUMAHHS IHOOPMALII 3 JATUYUKIB»

3.1 OnuTyBaHHs ABIHKOBOI0 1aTYHKA. OUiKYBAHHS MOl

VY npucTposx i cucteMax ynpaBiiHHA 00'ekTamu monii GikcyroThes 3
BUKOPUCTAaHHIM PI3HOMaHITHUX JATYMKiB HU(PPOBOTO i aHAJIOrOBOTO THIIIB.
Haii6inpmnroro mommpeHHs MalOTh BUKOHABYI TATYMKH THITY Tak / Hi.

OuikyBaHHAI CTATHYHOIO cUrHady. TUIOBa TpolleAypa OUIKYBaHHS
monii (WAIT) cknamaeTbcsi 3 HACTyHNHHMX Jiii: BBEIEHHS CHTHANY Bif
JaTYMKa, aHaJli3y 3HaYeHHS CHUTHAY 1 Iepeaadi yIpaBJliHHSA B 3aJIEKHOCTI
Bil craHy pmatdunka. KoOHKpeTHa mporpaMHa peami3amis MpOoLeaypH
3QJI€KUThL  BiJ TOro, SKMM YHHOM JAaTYWK  IMAKIIOYEHHA 10
MiKpOKOHTponepy. Hanpuknaza, npu miakIO4YeHHl JaTyuka Ao JiHii Oita 3
nopTy 1 mporpama ouikyBaHHS 3aMHKaHHS KOHTAKTYy MaTHME BUIJISL;

WAITO: JNB P1.3, WAITO ;OUlKyBaHHSA PO31MKHEHHS OaTuMKa

[HIMM OKpeMHM BHIAJIKOM € TPOLEAypa OYiKYBaHHsS PO3MHUKAHHS
KOHTaKTy, siIka MO>ke OyTu pealizoBaHa HACTYITHUM YHHOM:

WAITO: JB P1.3, WAITO ;OUlKyBaHHA B3aMKHEHHS OaTuuKa

Jnst  onwuTyBaHHS OCOOJNMBO BXKJIMBUX JIATYMKIB 3  METOIO
3MCHIIICHHS Yacy peakilii Ha BUHSATKOBY CHUTYallil0 B O0'€KTI JOIIBHO
BHUKOPUCTOBYBATH PEKUM IIEPEPHUBAHHS.

QuikyBanHs iMIyJbcHOro curnajay. OcoOnuBICTH mTpouenypu
OYiKyBaHHS IMIYJILCHOTO CHTHAJy IOJISITa€ B TOMY, IO MiKpPOKOHTpOJIEp
MOBHHEH BUSBUTH HE TNBKH (AKT MOSIBY, a i (aKT 3aKiHYCHHS CUTHAIY.

Hdns  mporpamyBaHHS 1€l mpouexypum 3pydHO CKOPUCTATHUCS
PO3IIIAHYTUMH BHILE NPHUKJIAAAMH, 3MOHTYBABIIH iX MOCIIIOBHO B JiHIHHY
nporpamy. Odopmastu mnpouenypu WAITC 1 WAITO y Burmsagi
MiANporpaM HEAOLIIBHO, TaK SK II€ MOJOBXKY€E Iporpamy, a IOBXKHHA 1,
OT)Ke, YaCc BHWKOHAHHS IPOTPaMH BU3HAYAIOTH MiHIMaJIbHY TPHUBAJICThH
IMIYJIBCY, IKUH MOXe OyTH BUSABICHUN ITPOrPaMoIo.

[ocainosuicts ckietoBanus mnpouenyp WAITC i WAITO 3anexuThb
Bin ¢opmu immynecy. Jns "HeratuBHOoro" immymecy (1 — 0 — 1)
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mpoueaypa WAITC nepenye npouenypi WAITO, mis "nosutusaoro" (0 —
1 — 0) crmizye 3a HETO.

Hwxkue HaBepeHo mpuKIan MNpOTrpaMHOi peaiizamii Mmpouexypu
OYiKyBaHHSI '"HEraTHMBHOro" IMIIyJIb,CHOTO CHTHAlIy MpH MiAKITIOYEHH]
JaTtarka g0 OiTy 3 mopTy 1 3a yMOBH, IO NOYATKOBHHA CTaH BXOXIY -
OJIMHUYHE!

WAITIMP:
WAITC: JB P1.3, WAITC ;ouikyeBanHg P1.3 = 0
WAITO: JNB P1.3, WAITO ;ouikyBanHHg P1.3 =1

[IporpamHua peainizanisi UKy OYiKyBaHHS Hakilagae OOMEKEHHs Ha
TPUBATICTh IMITYJIbCY: IMIYJBCH TPHUBAIICTIO MEHIIEC Yacy BHKOHAHHS
LUKITy OYiKyBaHHS MOXYTh OyTH «HE TOMideHi" MiKpo KOHTpoiepoM. s
BUSIBJIGHHSI KOPOTKOYACHHUX IMITYJIbCIB 3a3BHYall BUKOPHCTOBYIOTH CIIOCiO
(hikcarrii iMITyJIbCy Ha 30BHIIIHBOMY TpHUTepi Mpamopa. Ha BXim B oMy
BUTIQJIKy HAJXOJIUTh HE KOPOTKOYACHUH CHTHAJ 3 JIATYMKA, a Mparop, mio
(dopmyeTbest TpurepoM. TpHUrep BCTAaHOBIIOETHCSA MO (QPOHTY IMITYJIbCY, a
CKUJIAETBCS MPOTPAaMHUM LUISAXOM - BUAAYCI0 CIELIaIbHOTO KEepYHoUOoro
BILTMBY. TpHUBAIiCTh IMITyJIbCY TIpH IIbOMY Oyzle 0OOMEXeHa 3HH3Y TiIbKH
HIBUJIKOJIIEI0 TPUTEPA.

3.2 YcyHeHHs OpSI3KOTY KOHTAKTIiB

Ilpuy poGoTi 3 pJaryMkaMu, IO MAlOTh MeExXaHiyHi  abo
CJIEKTPOMEXaHIYHI KOHTAaKTH (KHONKH, KJaBili, peje 1 KiIaBiaTypH),
BUHHUKA€E SBHIIE, 3BaHe japebesroM. Bin moisirae B ToMy, MO MpH
3aMUKaHHI KOHTakTiB MoxmBa mosiBa Bijickoky (BOUNCE) koHTaKTiB,
sIKe TIPU3BOJUTD 10 TepexigHoro npouecy. [Ipu npoMy cUrHana 3 KOHTakTy
MOXe OyTH IPOYUTAHUH MIKPO KOHTPOJIEPOM SIK BUITaJKOBA ITOCIIJOBHICTh
HymiB 1 ommHMNb. llpuaymurm 11e¢ HeOakaHe SBUIIE MOXKHA
CXEMOTeXHiuecKimMi 3acobamu, ane duacTime Le pOOUTHCA MNPOrpaMHHUM
IITSIXOM.

Haiibinpmoro mommpenHss HaOyauM ABa MPOTPaMHHUX — CIIOCOOY
OYiKyBaHHS CTAJIOTO 3HAYCHHS:

1. IlizpaxyHOK 3aJaHOT0 YHCiIa CHIBIaJal0uuX 3HaUYeHb CUTHAIY;

2. YacoBa 3aTpuMKa.
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CyTh mepmoro MeTOay ToJsrae B 0araropa3zoBOMY 34HTYBaHHI
CUTHaJy 3 KOHTaKTy. lliIpaxyHOK BHaIWX ONMWTYBaHb, SIKi BUSBHIIM, IO
KOHTaKT CTiHKO 3aMKHYTHH, BEJETHCS MPOTPAMHHUM JIIYMIBHUKOM. SIKIIO
micist cepii BOANIMX OMUTYBaHb 3YCTPIYAE€THCSA HEBAAIWHM, TO MiApaXyHOK
MTOYMHAETBCA CHOYaTKy. KOHTaKkT BBaXKaeThCS CTIHKO 3aMKHYTHM, SKIIO
mocmigyBago N Bmamux  onuryBaHb. Yuciao N mimOupaerbes
EKCIIEPUMEHTAJIHO JUISI KOXHOTO THITy BHKOPHUCTOBYBAHHMX JATYHKIB 1
JIEKUTH B Mexkax Bix 5 no 50.

Ilpuknmang  mporpaMHOrO0  TPHUAYIICHHS  OpSI3KOTY  KOHTaKTy
HAaBOJUTHCS JUIsl BUMAQAKY, KOJU JAaTYUK IMIYJIbCHOTO CUTHAIY
migKIrodYeHnit 1o Bxoay T0, paXyHOK BAaldMX OIMTYBaHb BEIEThCS B
perictpi R3, N = 20:

DBNC: MOV R3, # ;ivminiamizanis sgiumnabHMKA
DBNC1: JB P3.4, DBNC ; AKIO KOHTAKT PO31MKHYTMIA,
; TO NoYaTy NimpaxyHOK CIOYaTKy
DJINZ R3, DBNC1 ;IIOBTOPOBATM, IOKM R3
;He cTaHe piBumMm O.

BBezieHHs 3aTpUMKH. YCyHEHHsT OpS3KOTYy KOHTaKTy HUISIXOM
BBEJICHHS THMYAcoBOI 3aTPUMKH MoOJArae B HacTymHomy. IIporpama,
BUSIBHBIIA 3aMHUKaHHS KOHTAKTy, 3a00pOHSIE ONMUTYBAHHS HOTO CTaHy Ha
yac, cBioMo Oinblie TpuBanocTi mepexigHoro mponecy. [Iporpama
HanucaHa JJisl BUMAJAKY IMiJAKIIOYeHHS AaTtdnka 10 Bxoay TO i mporpamuoi
peatizaiii THMYacoBOi 3aTPHUMKH:

DBNCDL: JB P3.4, DBNCDL ;OUlkyHaAHHSA HYJIS Ha BXOIL1
CALL DELAY ; BUKJIMK [IiAnporpaMy 3aTPUMKU
EXIT: Ce ;BU3in i3 npouenypu

TumuacoBa 3arpumMka B Mexax 1-10 mc  migOupaerhes
EKCIIEPUMEHTAILHO JJI1  KOXKHOTO THITy JAaTYUKIB 1 pealli3yeThes
mignporpamoro DELAY.

3.3 [linpaxyHok 4ucja immysabcis

YacTto B KepyrOUHMX IMpOrpaMax BHHHKAE HEOOXITHICTh OUiKyBaHHS
JIAHITFOYKKA TIOJIH, 110 MOJAA€ThCS TMOCTIIOBHICTIO IMITYJILCHUX CUTHAJIB BiJ
natyukiB. PosrisiHeMo 1Bi THMOBI MpoledypH: MiApaxyHOK YHWCIa
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IMITYJTBCIB MiX JIBOMa TOZISMH 1 MiIpaxyHOK YHCIIa iIMIYJbCIB B 3aJaHHMA
IHTEpBa Yacy.

inpaxyHok 4ucaa iMmyabciB Mik aBoma mnogismu. OnuH 3
MOJKJIMBUX BapiaHTIB NMpoLEAypU MHiIpaxyHKy Moxke OyTH peani3oBaHHH,
SKIIO BUKOPHCTOBYBath BXim T1 sk BXig JgiumibHUKAa Tomid. B
aKyMyJISITOP1 (DIKCY€ETHCS YUCIIO IMITYJIBCIB, TIPEACTABICHE B JIBIHKOBOMY
Koi (MakcuMallbHa KUIbKICTb 255).

CNTEVNT : MOV TMOD, # ;HaJlaWTyBaHHA JiumibHMKa 1
MOV TH1, # ; CKMIAHHS JI1uMJIbHMKA 1MOyJsbCciB
WAITO: JB P3.4, WAITO ; OUMKYBaHHS BBIiMKHEHHS JiuMybHMKA
SETB TCON.6 ;IOYyCK JiumiabHuMKa 1
WAIT1: JNB P3.4, WAIT1 ; OUMKYBAHHS BUMKHEHHS JI1UMJIbHMKA
CLR TCON. 6 ; 3YNMHKA JI1UMJIbHMKA 1
MOV A, THI1 ;bikcauia 1/22 umcna iMmnynabcis
EXIT: ... ;BUX1n i3 npouenypm.

IlinpaxyHok 4mciaa iMmyJbciB 3a 3aganuii mpomiskok 4acy. [lpu
BUpIILLIEHHI 3aBJaHHS IEPETBOPEHHS YUCIOIMITYJILCHUMI KOAY B JIBIHKOBHI
KOJ, a TakoXX B pAAi IHIIMX 3aBJAaHb MOXE BUHUKHYTH HEOOXiTHICTBH
MipaxyHKy YMCla IMIYJbCIB 3a 3ajaHuid iHTepBai uacy. s mpouemypa
MOJKe OYTH pealli3oBaHa Pi3HHUMHU CIIOCOOaMU:

1. IIporpamHOI0 pearizaliero THMYacoOBOTO 1HTEPBAITY 1 TPOrpPaMHUM
ITiIpaxyHKOM YFCIIa iIMITYJIBCIB Ha BXOJI;

2. TIporpamHOI0 peaii3aimiel0 THMYACOBOTO iHTEpBaly 1 amapaTHUM
MiApaxyHKOM 4Hcia iMIyJIbCiB (Ha BHYTPILIHBOMY TaliMepi / TIYUIIBHUKY );

3. AmapatHoi peami3aii€lo THMYacOBOTO IHTEpBANy 1 MPOrPaMHUM
MiApaxyHKOM YHcia iMITyJIbCIB;

4. AnapaTHa peaii3amis THMYacOBOIO IHTEpBAIy 3 alapaTHUM
MiJPaxyHKOM YHCIIa iIMITYJITBCIB.

UerBepTHii croci® migpaxyHKy IMITyJbCIB BHMara€ BHKOPHCTaHHS
nBox miumneHUKIB. Ha T/Cl MokHa BHUKOHYBaTH MiIpaxyHOK 4HCIA
iMmmyneciB, a Ha T/CO — Bimmik 3amaHoro iHTepBanmy. JlaTdwk iMImynbciB
TTOBMHEH OYTH MiaKIoueHui 1o Bxomy T1:

TIME = NOT ( )+ ; BUBHAUEHHS KOHCTaHTu TIME misa
;BimpaxyHky iHTepBany 10 mc
CNTTIME : MOV TMOD, # ;HajamTyBauHa T/C, 16 6itT
;1 - miumneHMk, 0 - TarMep
CLR A ; CKMIOAHHA aKKyMyJiaTopa

MOV TH1, A ;ckupauHa T/C1
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MOV TL1, A
MOV THO, #HIGH(TIME) ;szsaBaHTaxeHHsa y T/CO
MOV TLO, #LOW(TIME) ;xouncTauTy TIME

ORL TCON, # ;oyck T/Cl Ta T/CO

WAIT: JBC TCON.5, EXIT ;epeBipka NepenoBHEHHS
SJMP WAIT ;noBTOp mnoxm TE=0

EXIT: MOV B, THI1 ;bikcauis umcrna iMnysbciBs

MOV A, TL1
;BUX1m i3 npouemypu

3.4 OnuTtyBaHHSI TPYNH ABiliKOBHX JaTYHKIB

MiKkpoKOHTpOJIepH HalyacTile MaloTh COpaBy HE 3 OJHUM
JaTYMKOM, SK B PO3MVISHYTHX BHILE NIPHUKIALAX, a 3 IPYNOI aBTOHOMHUX,
JIOTIYHO HE3aJIeKHUX a0 B3a€EMO3B'SI3aHUX, SIKi (POPMYIOTH IBIHKOBUH KOJ
natyukiB. [lpy HbOMY MIKPOKOHTpOJIEp MOXKE BHUKOHYBATH IPOLEIYPY
ONMUTYBAaHHA AATYMKIB 1 Iepenadi ynpaBiiHHA OKpeMHMHU (parMeHTaMu
MIPUKJIAHOI IPOTrPaMy B 3aJI€KHOCTI BiJf IPUHHAITOTO KOAY.

[IporpaMuy peanizaiiro TpPOLEAYPU OYIKyBaHHS 3aJaHOTO KOIY
(WTCODE) posrasiHeMo a7sl BUIAIKy MHiAKIIOYEHHS TPYNU 3 BOCBMH
B33a€MOIIOB'A3aHUX CTATUYHUX JATYUKIB 10 BXOIIB MOPTYy 1:

WTCODE: MOV A, # ;3aBaHTaXeHHA B aKKyMyJIATOP eTaJIOHHOTO
;KOmy
WAIT: CJNE A, Pl. WAIT ;sgxmo KOOOBa KOMOMHALIMSA Ha BXOIax MHOPTYy 1
;He cIienajia 3 e€TaJIOHHMM 3BHA4YeHHSM, TO
;uikarTum
EXIT: . ;BUX1m 3 mpouenypu.

Ilepenaua ynpaBjenusa no koay. l[lpm omnuTyBaHHI HOBIYHHX
JAaTYMKIB Tepefady YNpaBiiHHA 3pY4YHO 3[AIHCHIOBATH 3a TaOJHICIO
nepexoiB. Huk4ye HaBOMUTHCS TEKCT MPOTPaMU, MO 3MIHCHIOE Mepeaady
yhpaBiiHHS OnHIET 3 BochMH mnpukiamHux nporpam PROGO - PROGY.
[lepenaua nmpoBOAUTHCS B 3aJI€KHOCTI BiJl KOJOBOI KOMOiHAIII Ha BXOaax
P1.0-P1.2.

Anpeca pspaka Tabnwii, B SKid 30epiraloThCs afpecH Mepexo/IiB,
OOYHCITIOETRCS K CyMa BIIHOCHOTO (BCEpeOWHI TOTOYHOI CTOPIHKH
pe3uneHTHOI mam'ATi mporpaMm) ModaTKoBoro aapecu Ttabmumi BASE i
Koay, npuitHsroro Bia AatuukiB. Komanau MOVC A, @A+DPTR, JMP
@A+DPTR, Ttabmuns BASE i mporpamm PROGO - PROG7 mosuHHI
PO3TalIOBYBAaTHCS B OJHIN CTOPIHII MaM'sITi Iporpam.
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GOCODE: MOV DPTR, #LOW BASE ;=3apaHTaxeHHd B DPTR nouaTkoBOIL
;ampecu Tabsuil nepexomis

IN A, P1 ;BBio Bamuty

ANL A, # ;BlOisieHHs MoJiommMx 6iTiB

MOVC A,QA+DPTR ;UMTaHHA 3 nam'sATi nporpam

; (3 Tabmuui nepexoniB) ampecu

nepexony

MOV DPTR, # ;obuysenns DPTR

JMP (@A+DPTR ;Iepernada KepyBaHHA
BASE: DB LOW PROGO ; Tabamusa nepexonis

DB LOW PROG1

DB LOW PROG7
PROGO: ... ;IPMKJIAOHL OpoTrpamm

PROG7:

OnutyBaHHs rpynu iMmyabcHHUX JaT4yukiB. Llg mnpouenypa
CKJIaJa€ThCsl 3 TOCHIIZOBHOCTI [iif: OYiKyBaHHS 3aMUKaHHS OIHOTO 3
KOHTAaKTiB, YCYHCHHs OpS3KOTy, OYIKYBaHHS PO3MHUKAHHS 3aMKHYTOT'O
koHTtakty. Ilporpamua peamizamiss npoueaypu (KBRD) mis Bumaaky
MiAKITIOYEHHS! YOTUPHOX IMITyJIBCHUX JaT4ydKiB 10 BXoaiB 0 - 3 mopty 1
Oyze MaTu BUIIIAL!

KBRD: MOV A, P1 ;BBEIOEHHS KOOy

CPL A ;iuBepcis xomy

ANL A, # ;rIepeBipka BaMKHYTOCT1 KOHTakKTy

JZ KBRD ; AKIIO He OINOMH KOHTAKT HEe 3aMKHYTUM

; TO UeKaTu

MOV R2, A ;rIepelada NPUMHATOTO komy y R2
DBNC: CALL DELAY ;yCyHEHHH IOpPA3KiTy
WAIT: MOV A, P1 ;BBEIOEHHS KOOy

CPL A ;iuBepcia xomy

ANL A, # ;IepeBipka 3aMKHYTOCT1 KOHTaKTy

JNZ WAIT ; AKIIO KOHTAKT BaMKHYTHUM, TO UyekKaTu,
EXIT: e ;iHakme BUXin 3 npouenypu

AHali3 CcTaHy KOHTAaKTIB 3/IMCHIOETHCSA HAKJIAJACHHSIM MAacKH Ha
TIPUAHATHH BiJ TaTYUKIB KA. I MaTIwKiB, 1O GOPMYIOTh «HETATHBHUI
IMITYJIBC, IPUAHATHH KOJI 3a3/1aJIeTiIb IHBEPTYEThCS.

Jnsa rpynu iMOyIbCHHX JaTYHKIB, SKi IPENCTaBISAIOTH COOOIO
KiaBimHuKA  perictp, mponenypa KBRD moBuHHa OyTH MOTIOBHEHA
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mporeaypaMu  ifeHTH(]IKaIii HATHCHYTOIOKIABIII 1 3axucTy  BifJ
OJHOYAaCHOT'O HaTUCKAHHS JIBOX 1 Oiyblie KiaBiml.

InenTudikariss HaTUCHYTOIOKJABIII MOXeE 3AIHCHIOBATHUCS JIBOMa
cnocobamu: mo Tabmuui abo mporpamuo. Ilpum TabmuuHOMy cmoco6i
[IEPEeKONyBaHHS B MaM'sATi IporpaM IOBMHHA 3HAXOAWTHUCS TaOaMLs
JIOBIYHMX €KBiBaJIEHTIB KoxiB kiaBim. [IporpamHe mepeTBOpeHHS
YHITapHOI KOJy, IPUIHATOTO BiJ] KJ1aBiaTypH, B ABIKOBHH KO MOXKe OyTH
BUKOHAHO METOOM 3pYyIIEHb BHXIJIHOTO YHITAPHOTO KOAY 1 MiIpaxyHKOM
Yrcia 3pylIeHb Ha JIIYUIBHHUKY JI0 MOSBU MEPIIOro epeHECeHHS.

3.5 3aBaanus ISl IPAKTHYHOI po6OTH

BinmoBicTu Ha HACTYNHI MUTaHHA:

1. Sk opranizyBaT npoLeaypy OUiKyBaHHS MOl 32 JOTIOMOIOI0 OJHI€T
KOMaHau?

2. ki oOMekeHHS HAKIANAIOThCS HA TPHUBAIICTH BHSBICHOTO
IMITYJIbCHOTO CHTHAJTy TIPH TPOTpaMHiii peasizallii KTy O4YiKyBaHHS?

3. IosicHITh NPUHIIMMN YCYHEHHS OPSI3KOTY KOHTAKTIB.

4. TlosiCHITH TPUHIMIT OpTaHizamii MPOIEAYpP, SIKi MiIPaxOBYIOThH
YHUCJIO IMITYJIBCIB MiX JIBOMA IOJIISIMH 1 32 33J[aHUH IPOMIKOK Yacy.

5. IosicHITh IPUHLIMI OpraHi3alii mepenadi yrnpasiIiHHSI B Mporpami
32 KOJIOM.

6. YV yomy nojisirae TabNIMYHKEA C10Ci0 TreHepariii Mikpo KOHTPOJIEPOM
CKJIAIHUX ITOCIIIOBHOCTEN CUTHAIIB?

Tabmys 3.1 — 3aBgaHHs UTs MPaKTHYHOT pOOOTH

| Bapuanr | 3aBpaHHs 10 poOOTH |
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Bapuant

3aBpaHHs 10 poOOTH
1. Hanncatu mizaporpaMy o4ikyBaHHSI CTATHYHOT'O CUTHATY
BKa3aHOTO PIBHS I BKa3aHOTO MiHY.
2. Hammcatm mimaporpamy OYiKyBaHHS IMITYJILCHOTO
CHUTHATy BKa3aHOI IMOJSIPHOCTI I BKA3aHOTO TiHY.
3. Hammcatu migaporpamu Ui YCYHEHHS OpS3KOTY
KOHTAKTIB JIBOMa CIIOCO0aMH I BKa3aHOTO IiHY.
4. Hanwmcatn mimaporpaMu IS TiApaxyHKy 4YHCIa
IMITYJIbCIB MK JBOMAa BKa3aHWMH TIOJISIMH Ta 32 MPOMIXKOK
Jacy.
5. Hanncaru mimaporpaMy 1sisi O4iKyBaHHs BKa3aHOT
KOMOIHaIlii Ha BKa3aHOMY ITOPTi.
6. Hariucatu mimaporpaMy Juis mepesiadi KepyBaHHS 3a
BKa3aHUM KOJIOM.
7. Hanncatu mizaporpaMy 1/isi O4iKyBaHHsI BKa3aHOT
KOMOIHAaI1 U BKa3aHOI KUIBKOCTI ITiHIB.

1. OugikyBaHHS «JIOT19HOI OAHUHUIIY Ha TiHi 4, mopTy 1

2. O4iKkyBaHHS «[IO3UTUBHOTO IMITyJIbCY» Ha IiHi 1, mopTy 2
3. YcyHeHHs Ops3KOTY Ha MiHi 6, mopTy 3

4. ITigpaxyBaTy YHCIO IMITyJIbCIB MIXK JIOTIYHOIO OAMHHIICIO Ha
Ha miHi 1, mopTy 1 Ta JIOTIYHOI OJMHUIICIO HA HA TiHI 3,
nopty 1

5. Komb6inaris OXNN #a nepmomy mopti (e NN — HOMep
BapiaHTy)

6. [lepeniua kpyBanns nignporpami PROGO_N, ne N —
ocraHHs I(pa HOMepy BapiaHTa

7. KomoGinariiss OXNN Ha 5 moyioamux miHax mopty 0
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Bapuant

3aBmaHHs 10 pobOTH

1. OgikyBaHHS «JIOTIYHOTO HYJIS» Ha MiHi 3, TOpTy 2

2. O4iKkyBaHHSI «HETaTHBHOTO IMIYJIbCY» Ha MiHi 5, opTy 1
3. YcyHeHHs Ops3KOTY Ha miHi 7, mopty 0

4. ITigpaxyBaT YKCIO IMITYJIHCIB MiXK JIOTIYHOIO OJMHHIICIO HA
Ha MiHi 7, TOpTy 2 Ta JIOTIYHOIO OAMHHIICIO HA Ha ITiHi 3,
nopty 3

5. Kom6inanis 0XNN Ha nepromy nopti (e NN — Homep
BapiaHTy)

6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa

7. KombGinaris OXNN nHa minax 1-5 mopry 1

1. OgikyBaHHS «JIOTiYHOI OMHWHHMII» Ha TiHi 6, mopTty 2

2. O4iKkyBaHHS «[TO3UTUBHOTO IMITyJIbCY» Ha MiHi 4, mopty 1
3. YcyHenns OpszkoTy Ha miHi 3, mopty 0

4. ITinpaxyBaTy YMCIIO IMITYJIECIB MiX JIOTTYHOIO OJMHUIICIO Ha
Ha miHi 1, mopTy 1 Ta JOTIYHOIO OAMHUIICIO HA Ha IIiHi 3,
nopty 3

5. KombGinarist OXNN Ha niepriiomy nopri (e NN — Homep
BapiaHTy)

6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa

7. KombGinaris OXNN Ha 5 crapmmx miHax 2 nopry

1. OdikyBaHHS «JIOTTYHOTO HYJISDY HA MiHi 2, opTy |

2. O4iKyBaHHSI «HETaTHBHOT'O IMITYJIbCY» Ha MiHi 3, mopTy 3
3. Ycynenns OpsizkoTy Ha miHi 4, nopty 0

4. ITigpaxyBaTy YHCIO IMITyJIbCIB MIXK JIOTIYHOIO OAMHHIICIO Ha
Ha miHi 3, mopTy 1 Ta JOTIYHOIO OAMHHUICIO HA Ha miHi 0,
nopty 0

5. KombGinaris OXNN nHa niepriiomy nopri (e NN — Homep
BapiaHTy)

6. [lepeniua kpyBanns mignporpami PROGO_N, ne N —
ocTaHHs I(pa HOMepy BapiaHTa

7. KombGinamis OXNN nHa minax 2—6 mopty 3
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Bapuant 3aBaaHHs 10 poOOTH
1. OgikyBaHHS «JIOTIYHOI OMHWHMII» Ha TiHi 5, mopty 0
2. O4iKyBaHHS «[TO3UTUBHOTO IMITYJILCY» Ha IiHi 7, mopty 1
3. YcyHeHHs OpsI3KOTY Ha MiHi 3, mopTy 2
4. ITigpaxyBaT YKCIO IMITYJIHCIB MiXK JIOTIYHOIO OJMHHIICIO HA
Ha miHi 7, mopty 0 Ta JOTIYHOIO OJWHUICIO Ha Ha MmiHi 1,
5 nopty 0
5. Kom6inanis 0XNN Ha nepromy nopti (e NN — Homep
BapiaHTy)
6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa
7. KombGinamis OXNN nHa 6 Mmonommux minax 0 mopry
1. OgikyBaHHS «JIOTIYHOTO HYJID» HA MiHi 5, mopTy 0
2. O4iKyBaHHS «HETaTHBHOTO IMIYJIbCY» Ha MiHi 7, HOPTY 2
3. YcyHeHnHst Opsi3KoTy Ha miHi 4, mopty 1
4. ITinpaxyBaTy YMCIIO IMITYJIECIB MiX JIOTTYHOIO OJMHUIICIO Ha
Ha MiHi 2, mopTy 1 Ta JIOTIYHOI OJMHHUIICIO HA HA MiHI 2,
6 nopry 1
5. KombGinarist OXNN Ha niepriiomy nopri (e NN — Homep
BapiaHTy)
6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa
7. KombGinaris OXNN nHa minax 3—7 mopry 1
1. OgikyBaHHS «JIOTIYHOI OJHUHHMII» HA MiHI 5, TOPTY 1
2. O4iKyBaHHS «ITO3UTUBHOTO IMITYJILCY» Ha MiHi 2, TOpTY 2
3. YcyHennst Opsi3koTy Ha miHi 2, nopty 0
4. ITigpaxyBaTy YHCIIO IMITYJIbCIB MIXK JIOTIYHOIO OAMHHIICIO Ha
Ha miHi 4, nopty O Ta JOTIYHOI OJMHHUIICIO HA HA IiHI 5,
7 nopty 1
5. KombGinaris OXNN nHa niepriiomy nopri (e NN — Homep
BapiaHTy)

6. [lepeniua kpyBanns nignporpami PROGO_N, ne N —
ocTaHHs I(pa HOMepy BapiaHTa
7. KombGinamis OXNN nHa 6 crapmmx miHax 2 mopry
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Bapuant

3aBmaHHs 10 pobOTH

1. OgikyBaHHS «JIOTIYHOTO HYJI» Ha TiHi 2, mopTy 0

2. O4iKkyBaHHs «HETaTHBHOTO IMITYJIbCY» Ha TiHi 4, mopty 1
3. YcyHeHHs OpsI3KOTY Ha MiHi 5, mopTy 2

4. ITinpaxyBaT YHCIO IMITyJIbCIB MiXK JIOTIYHOIO OJIMHHIICIO Ha
Ha miHi 1, TOpTy 2 Ta JOTiYHOIO OJWHUICIO HAa Ha IMiHi 3,
MopTy 5

5. Kom6inanis 0XNN Ha nepromy nopti (e NN — Homep
BapiaHTy)

6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa

7. KombGinaris OXNN Ha 5 Monoamux miHax mopty 3

1. OgikyBaHHS «JIOTIYHOI OMHWHHMIT» Ha TiHi 2, mopty 1

2. O4iKyBaHHS «HETaTHBHOTO IMIYJIbCY» Ha MiHi 4, HOpTy 2
3. YcyHenns Ops3koTy Ha miHi 3, mopty 0

4. ITinpaxyBaTy YMCIIO IMITYJIECIB MiX JIOTTYHOIO OJMHUIICIO Ha
Ha miHi 5, mopTy 1 Ta JOTiYHOIO OJWHUICIO HA HA MiHi 4,
nopty 0

5. KombGinarist OXNN Ha niepriiomy nopri (e NN — Homep
BapiaHTy)

6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa

7. KombGinaris OXNN nHa minax 1-5 mopty 0

10

1. OgikyBaHHS «JIOTIYHOTO HYJIS» Ha MiHi 5, mopTy 1

2. O4iKyBaHHS «[TO3UTUBHOTO IMITYJIbCY» Ha IiHi 3, mopTy 1
3. YcyHeHHst OpsI3KOTY Ha MiHi 2, mopTy 2

4. ITigpaxyBaTy YHCIIO IMITYJIbCIB MIXK JIOTIYHOIO OAMHHIICIO Ha
Ha miHi 4, mopTy 2 Ta JIOTIYHOK OJMHUIICIO HA HA IiHI 2,
nopty 0

5. KombGinaris OXNN #Ha nepriiomy nopri (e NN — Homep
BapiaHTy)

6. [lepeniua kpyBanns mignporpami PROGO_N, ne N —
ocTaHHs I(pa HOMepy BapiaHTa

7. KombGinamis OXNN nHa 5 crapmmx minax 1 mopry
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Bapuant 3aBaaHHs 10 poOOTH
1. OgikyBaHHS «JIOTIYHOI OMHWHHMIT Ha TiHi 1, mopty 3
2. O4iKyBaHHSI «HETaTHBHOTO IMITYJIbCY» Ha MiHi 7, TOPTY 2
3. YcyHeHnHs Opsi3koTy Ha miHi 6, mopty 0
4. ITigpaxyBaT YKCIO IMITYJIHCIB MiXK JIOTIYHOIO OJMHHIICIO HA
Ha miHi 5, mopTy 1 Ta JOTIYHOIO OAWMHUIICIO HA Ha ITiHI 5,
11 nopty 0
5. Kom6inanis 0XNN Ha nepromy nopti (e NN — Homep
BapiaHTy)
6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa
7. KombGinamis OXNN nHa minax 2—6 mopry 2
1. OgikyBaHHS «JIOTIYHOTO HYJI» Ha MiHi 6, mopTy 0
2. O4iKkyBaHHS «[TO3UTUBHOTO IMITyJIbCY» Ha MiHi 1, mopty 2
3. YcyHennst Ops3koTy Ha miHi 4, nopty 1
4. ITinpaxyBaTy YMCIIO IMITYJIECIB MiX JIOTTYHOIO OJMHUIICIO Ha
Ha miHi 4, mopTy 1 Ta JOTIYHOIO OAMHHUIICIO HA HA IMiHI 2,
12 nopty 0
5. KombGinarist OXNN Ha niepriiomy nopri (e NN — Homep
BapiaHTy)
6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs pa HOMepy BapiaHTa
7. KombGinartist OXNN Ha 6 Monommux miHax 3 mopry
1. OgikyBaHHS «JTOTIYHOI OJHUHHIN» Ha MiHI 4, opTy 1
2. O4iKkyBaHHs «HETaTHBHOTO IMIYJIbCY» Ha MiHi 5, mopty 1
3. Ycynenns OpsizkoTy Ha miHi 3, mopty 0
4. ITigpaxyBaTy YHCIIO IMITYJIbCIB MIXK JIOTIYHOIO OAMHHIICIO Ha
Ha miHi 2, mopty O Ta JOTIYHOI OJMHUIICIO HA Ha miHi 1,
13 nopty 0
5. KombGinaris OXNN nHa niepriiomy nopri (e NN — Homep
BapiaHTy)

6. [lepeniua kpyBanns mignporpami PROGO_N, ne N —
ocTaHHs I(pa HOMepy BapiaHTa
7. KombGinamis OXNN na minax 3—7 mopty 0
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Bapuant

3aBmaHHs 10 pobOTH

14

1. OgikyBaHHS «JIOTIYHOTO HYJI» Ha TiHi 2, mopTy 0

2. O4iKyBaHHS «ITO3UTUBHOTO IMITYJILCY» Ha MiHi 7, TIOpTY 2
3. YcyHeHHst Opsi3KoTy Ha miHi 5, mopty 0

4. ITigpaxyBaT YKCIO IMITYJIHCIB MiXK JIOTIYHOIO OJMHHIICIO HA
Ha MmiHi 2, opTy 1 Ta JOTIYHOIO OAWMHUIICIO HA Ha ImiHi 4,
nopty 1

5. Kom6inanis 0XNN Ha nepromy nopti (e NN — Homep
BapiaHTy)

6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa

7. KombGinaris OXNN Ha 5 Mmonoamux miHax mopty 2

15

1. OgikyBaHHS «JIOTiYHOI OMHWHHMIT» Ha TiHi 6, mopty 1

2. O4iKyBaHHS «HETaTHBHOTO IMIYJIbCY» Ha MiHi 7, mopty 0
3. YcyHeHHs Ops3KOTY Ha MiHi 2, mopTy 2

4. ITinpaxyBaTy YMCIIO IMITYJIECIB MiX JIOTTYHOIO OJMHUIICIO Ha
Ha MiHi 7, mopTy 3 Ta JIOTIYHOIO OJAMHHUIICIO HA HA IMiHi 3,
nopty 3

5. KombGinarist OXNN nHa niepriiomy nopri (e NN — Homep
BapiaHTy)

6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa

7. KombGinaris OXNN nHa minax 1-5 moprty 3

16

1. OdikyBaHHS «JIOT1YHOTO HYJIsD» Ha MiHi 5, mopty 0

2. O4iKyBaHHS «[TO3UTUBHOTO IMITYJIbCY» Ha IIiHi 6, mopTy 2
3. YcyHennst Ops3KoTy Ha miHi 4, nopty 1

4. ITigpaxyBaTy YHCIIO IMITYJIbCIB MIXK JIOTIYHOIO OAMHHIICIO Ha
Ha miHi 1, mopty O Ta JIOTIYHOIO OJMHUIICIO HA HA MiHI 5,
nopty 0

5. KombGinaris OXNN nHa niepriiomy nopri (e NN — Homep
BapiaHTy)

6. [lepeniua kpyBanns mignporpami PROGO_N, ne N —
ocTaHHs I(pa HOMepy BapiaHTa

7. KombGinamis OXNN na 5 crapmmx minax 0 mopry
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Bapuant 3aBaaHHs 10 poOOTH
1. OgikyBaHHS «JIOTIYHOI OMHWHHMIT» HAa MiHI 2, TOpTy 2
2. O4iKkyBaHHS «HETaTHBHOTO IMITYJIbCY» Ha MiHi 2, mopty 1
3. YcyHenHst Opsi3koTy Ha miHi 2, mopty 0
4. ITigpaxyBaT YHCIO IMITYJIbCIB MiXK JIOTIYHOIO OJMHHIICIO HA
Ha miHi 3, mopTy 1 Ta JOTIYHOIO OAMHHIICIO Ha Ha IiHi 0,
17 nopty 0
5. Kom6inanis 0XNN Ha nepromy nopti (e NN — Homep
BapiaHTy)
6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa
7. KombGinamis OXNN nHa minax 26 mopry 1
1. OgikyBaHHS «JIOTIYHOTO HYJI» Ha MiHi 4, mopTy 0
2. O4iKkyBaHHS «[TO3UTUBHOTO IMITYJILCY» Ha IiHi 5, mopTy 1
3. YcyHeHHs Ops3KOTY Ha miHi 6, mopty 2
4. ITinpaxyBaTy YMCIIO IMITYJIECIB MiX JIOTTYHOIO OJMHUIICIO Ha
Ha miHi 7, mopTy 3 Ta JIOTIYHOIO OAMHHUIICIO HA Ha miHi 0,
18 nopty 0
5. KombGinarist OXNN Ha niepriiomy nopri (e NN — Homep
BapiaHTy)

6. [epeniua kpyBauus mignporpami PROGO_N, ne N —
ocTaHHs (pa HOMepy BapiaHTa
7. KombGinarist OXNN Ha 6 Monommux miHax 2 mopTy
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4. IPAKTUYHA POBOTA Ned
«PEAJIIBAIIA ®YHKIIN YACY»

YV 0a30BHX MOJCIIX CIMEHCTBa € JBa MporpamMoBaHuX 16- OITHHX
taiimepa/niunneruka (T/CO i T/C1), axi MOXyTh OyTH BHKOPHCTaHi SIK B
SIKOCT1 TaliMepiB, Tak 1 B IKOCTI JIYMJIBHHUKIB 30BHIIIHIX NOAIA. Y mepuomy
BHITAIKy BMICT BIATIOBINHOTO TaiMepa / JiYMIbHUKA (Halli IJIs CTHCIIOCTI
T/C) mHKpeMmeHTHUpyeTCcsl B KOXHOMY MAIIMHHOMY UHKJI, TOOTO yepes
KOXHI 12 mepiolliB KOJIMBAaHb KBapLIOBOTO PE30HATOPA, Y JIPYroMy BOHO
WHKPEMEHTHPYETCS i BILTMBOM Iepexoay 3 1 B 0 30BHIIIHHOTO BXiAHOTO
CUTHay, 1o noaaeTscs Ha Bignosiguuil (T0, T1) BucHOBOK Mikpo-EOM
8051. OmuTyBaHHA 3HAYeHHA 30BHILNIHBOTO  BXiJHOTO  CHUTHAIY
BHUKOHY€ETBHCS B MOMEHT yacy S5P2 K0)KHOTO MAaIIMHHOTO IUKITY.

Tabmuus 4.1 — Perictp pexkumy poOotm TaiiMepa / JIYHIIBHHKA
TMOD

CumBon Tlo3umist Im'st Ta mpu3HAUCHHS

VYnpapiinHs 6;10KyBaHHAM. SIKI110 6T BCTAaHOBJIEHO, TO
TaiimMep / MuYuabHUK "X JO3BOJICHUH 10 TUX Mip, HOKU Ha BXOJI
"INTX" Bucokwmii piBeHs i 6iT ynpasiinas "TRX" BcraHOBIEHO.
Sxuro OiT ckunyTHH, To T/C 103BONAETHCS, K TLNBKU OIT
kepyBaHHs "TRX" BCTaHOBIIIOETHCS
bit Bubopy pexxumy Taiimepa abo JidnIIbHEKA TTOAIH. Ko
TMOD.6 nna T/C1 i 0IT CKMHYTHH, TO TMPALOE TAHMEp BiJ BHYTPILIHBOIO JLKEpea
TMOD.2 mnst T/CO |curHaniB CHHXpPOHI3aILil. SIKI0; BCTAHOBJICHO, TO MPAIIOE JTiYHIbHUK]
Bij 30BHIIHIX curHanis Ha Bxomi "TX"

TMOD.7 s T/C1 i

GATE TMOD.3 mis T/CO

C/T

Pexxum poboT

M1jMO0

TMOD.5 s T/C1 i

M1 TMOD.1 s T/CO | 0 | O "TLX" npamtoe sk 5- G6iTHHI nepeIiTbHIK

16 GitHumit TaiiMep / mivmneHuK. "THX" i "TLX" BRITOUCHHIT
MOCJIiJOBHO
8- GiTHMII aBTO Nepe3aBaHTaXyBaTH TalMep / TIYMIBHUK.
110 "THX" 36epirae 3Ha4eHHs, sKE Mae OyTn
nepesaBaHTaxxeHHi B "TLX" KoxeH pa3 [0 MepeoBHCHHS

Mo | TMOD.4 s T/Cli Taiimep / niuunbauk 1 3ynunserses. TaiimMep / TiunabHEK
TMOD.0 pns T/CO 0: TLO npaioe sik 8- GiTHU TaiiMep / IYMIBHUK, | HOTO
1| 1 | pexxum Bu3HauaeThes Kepyrounmu Oitamu taiimepa 0. THO
PALoe TUTBKH sIK 8 GITHHIA TaiimMep, 1 HOro pexuM
BU3HAYAETHCS KEPYIOUMMH OiTamu Taiimepa 1

Bwmict miumibauKa Oyme 30UTbIIeHO Ha 1 B TOMY BHITAIIKY, SKIIO B
MoTnepeHbOMY LMK OyB JTiueHHH BXiJHUN CHTHAN BUCOKOTO piBHSA (1), a B
HaCTymHOMy - curHan Husbkoro piBHsA (0). HoBe (iHKpemeHTipoBaTh)
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3HA4YeHHs IYWIbHUKAa Oyne cdopmoBaHo B MomeHT S3P3 B mukimi,
HacTyITHOMY 3a THM, B SKOMY OyB BUsBIIeHUH niepexin curaany 3 1 B 0. Tak
SK Ha pO3Mi3HABaHHA INepiogy TMOTPiOHI JBa MAIIMHHUX IIHKIIH,
MakCHMajbHa YacTOTa MiJIpaxyHKy BXiJHMX CHTHaJIIB JIopiBHIOE 1/24
JacTOTH pe3oHaTopa . Ha TpuBamicTh mepioqy BXiIHUX CHUTHAJIIB 0OMEKCHb
3BepXy HEMae.

Jns  rapaHTOBaHOTO MPOYMTAHHS BXIJHUH CHIHal TOBHUHEH
YTpUMYBaTH 3Ha4eHHA |, SK MiHIMyM, IMPOTATOM OJHOTO MAIIMHHOTO
uukiy Mikpo EOM.

Hns ynpaBminHsg pexuMamu pobotu T/C 1 ans opranizamii ix
B3a€MOJIi 3 CHCTEMOIO IepepuBaHb BHKOPUCTOBYIOTHCS JBA PETiCTPH
crertianpHuX GyHKIiH (TMOD i TCON), onuc skux HaBeAeHo B Ta0m. 4.1 1
4.2 BinMOBigHO.

Tabmuus 4.2— Perictp kepyBanns / crarycy taiimepa TCON.
(CrumBou|[To3umis IM'st Ta mpu3HaUeHHS
®rnar nepenoBHeHHs TaiiMepa 1. BcTaHOBMIOETHCS anapaTHO MPH
TF1 |TCON.7| nepenoBHeHHi Taiimepa / miumibHUKa. CKHIA€ThCS TIPU 00CITyTrOBYBaHHI

NIEPEPUBAHHS allapaTHO
biT ynpaBninas TaiiMepa 1. BcTaHOBIIOETBCS, / CKUTAETHCS

TR1 |TCON.6
IPOrPaMOI0 ISt ITyCKY / 3yNHHKH
Tr0 frcons ®nar nepenoBHeHHs Taiimepa 0. BCT.aHOBHIOG?TBC}I anaparHo.
CKHIA€ThCs IPH 00CITyTrOBYBaHHI IEpEPHBAHHS
RO |rcon.4 biT ynpasninas taiivepa 0. BcraHoBmoeTbCs / CKUAETHCS

MIPOTPAMOIO JIJIsl MCKY / 3YIHHKHU TaiiMepa / IIYHIbHUKA

Onar dponty nepepuBanHs 1. BcTaHOBIIOETHCS anapaTtHo, KOJIH

IE1 |[TCON.3 JETeKTy€eThCs 3pi3 30BHiIHBOrO curHany INT1. Ckugaerscst mpu
00CJIyrOBYBaHHI IIepEepHBAHH

Bit ynpaBiiHHS TUTIOM niepepruBaHHs 1. BCTaHOBIIOETHCS / CKHIAETHCS

IT1 [TCON.2 nporpamuo st crienrikanii 3anuty INT1 (3pi3 / HU3bKHI piBeHb)
@nar ¢pponty nepepuBanns 0. BcraHOBMIOETCS 10 3pi3i CHrHATY
IE0 |TCON.1 .
INTO. Ckupaetnest mpu 00CITyroByBaHH| epepHBaHHS
Bir ynpasmiaas tunom nepepusanss 0. BcraHoBmrOeTHCS /
TCON L . .
IT1 0 CKHIAeThes porpamHo st crienudikanii 3amuty INTO (3pi3 / Hu3bKHIT

piBEHB)

4.1 Pesxxumu po00TH TaiiMepiB-TiYNJIBLHUKIB

Sk BummBae 3 onucy kepyrouux 6ir TMOD, niist o60x T / 3 pesxumu
po6otu 0, 1 i 2 ogHakoBi. Pexxumu 3 mns T/3 1 T/C1 pisni. Posrisinemo
KopoTko poboty T / C B K0oxHOMY 3 peskumis [1].
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Pexum 0. Ilepexnan 0yap-sikoro T/C B pesxkum 0 poOUTH HOTO CXOXKHM
Ha TaiiMep - BOCAMH OITHHH JIYMIBHHK, 10 BXOIY SIKOTO I IKITIOUCHII
5 OitHu# nepeauTbHUK yacToTH Ha 32. Poboty T/C B pexumi 0 Ha
npukian T/Cl imoctpye puc 12, a. B upomy pexumi TaimMepHHIA
pericTp Mae po3psiaHicTs 13 6iT. [Ipu mepexomi 31 cTany "Bci omuHUATI"
B cTaH "BCl Hymi" BCTAHOBIIOETHCS MPAIIOp TMEPEPUBAHHS Bij TaliMepa
TF. BxinmHuii cMHXpocurHan TaiiMepa | m03BoNeHHH (HAAXOAWTH Ha
Bxin T/Cl), komu xepyroumit 6it TR1 Bcranosienuit B 1 abo
kepytounit 0ir GATE (6mokyBanus) mopiBHtoe 0, ab0 Ha 30BHINIHIN
BUCHOBOK 3anury mnepepuBanHs INT1 Hagxomauth piBeHp 1.
Bimznaunmo momyTHO, mo ycraHoBka Oita GATE B 1 mosBosse
BHKOPHCTOBYBATH TalMep LTSI BUMIPIOBAaHHS TPUBAJIOCTI IMITYJIECHOTO
CUTHAITy TTOJIAE€THCSI HA BXiJ] 3aITUTY IIePEPUBAHHSI.

Pexxum 1. PoGora Oynp-sikoro T/C B mpomMy pexumi Taka X, K 1 B
pexumi 0, 332 BHHATKOM TOTO, III0 TAHMEPHHH PETiCTp Ma€e pO3PsATHICT
16 GiT.

Pexxum 2. V mpomy pexuMi poOOTa OpraHizoBaHa TaKUM YHHOM, IO
nepenoBHeHHs (mepexix 31 ctany "Bci onuuuui" B ctaH, "Bei Hymni'") 8-
oitHOoro miumnpHWKa TL1 mNpUBOOWTH HE TINBKH A0 YCTaHOBKH
npanopa TF1 (auB. Puc. 12, 6), a if aBTOMaTHYHO INEpe3aBaHTAXYE B
TL1 Bwmict crapmoro Oaiita (TH 1) rtaiimepHoro perictpa, sike
HomepeaHso OyJio 3aJaHo NMPOrpaMHUM LUIAXOM. llepeBaHTa)keHHs
sanumae BMict TH1 Hesminaum. Y pexumi 2 T/CO i T/C1 takox
MPAIIOIOTh a0CONIOTHO OJHAKOBO.

Pexum 3. Y pexumi 3 T/CO i T/C1 npamrorors mo-pizHomy. T/C1
30epirac He3MiHHUM CBili TOTOYHHWH 3MicT. [HIMMU cioBamu, edexT
Takuil ke sK 1 mpu ckupanHi kepytodoro 6ita TR1 B 0. Poboty T/CO
imoctpye puc. 12, cr. Y pexxumi 3 TLO i THO ¢pynkuionytoTs sk 1Ba
He3zalekHuX 8-0iToBux niumnbHuKa. Poboty TLO Bu3HavaroTh
kepytoui 6itu T / CO (C / T, GATE TRO), Bximnuit curnan INTO i
npanop nepenoBHeHHs TFO. Po6oty THO, sixkuif Moke BUKOHYBaTH
TinbKkK (yHKIIT TalimMepa (MiApaxyHOK MAIIMHHUX IHKIIB MIKpO-
EOM), Buznauae kepyrounit 6itr TR1. Ilpu meomy THO BukopucToBye
npanop mnepernoBHeHHs TF1. Pexxum 3 BHKOPHUCTOBYETHCS B THX
BUMNAJKaX, KOJU MOTPiOHA HASBHICTH JOJATKOBOTO BOCHBMHU OITHOTO
TaliMepa abo JIYWIbHHWKA TOMiH. Mo)XHa BBa)KaTH, IO B ITHOMY
pexumi Mikpo-EOM 8051 mae B cBOoeMy ckiaal Tpu TaiiMepa /
miunnpHUKA. Y pasi Kk, akimo T / CO BUKOPUCTOBYETHCS B 38 pexkumi 3,
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T / C1 moxe Oytu abo BUMKHEeHHH, a00 mepeBenernii B pexkum 0, 1

abo 2, abo Moke OyTH BHKOPHCTAHHWHA TIOCTIJOBHHM IIOPTOM SIK
TeHepaTop YacTOTH mepenayi.

VY MOAEpHI30BaHUX MOJEIIX MIKpOKOHTpoJepiB cimerictea MCS-51

Moxe OyTu Tpetiii Taitmep miumibHHK T/C2 1 (abo) OnOK mporpaMHUX

miynnpHUKIB PCA, sKi TeX MOXyTh OyTH BHUKOPHUCTaHI M BiAJIIKY
YacOBHX IHTEPBAiB.

Control

INTF
. [m o wm
T, pn ——— C/T

TRy Mode 0: TL (3 bit), THy, (8 bif)
GATE: - Mode 1: TL = (8 bit), THi (8 bif)
INT, PIN x={0.1}

_ Control
0sC 12 CiTx =0 INTR
- *| TLx (8 bif) {1 —
X={0,1}
o)
Control
INTE
T L THID (8 hity— TF1
TRL I
Confrol
0scC :12 } C/Ty =0 INTR
- 3 TLO (8 bin—{ TF0 —>
Ty —+ CIT

TRy &
GATEx g 1
INT, PN

E)

a — T/CO ta T/C1 y pexnmax 0 ta 1; 6 — T/CO ta T/C1 y pexumi 2; B — T/CO y
pexmmMi 3.

Pucynok 4.1 — taiimepu-niunneauku T/CO ta T/C1 y pexxumax 0, 1, 2 Ta 3.
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4.2 Peanizauist pyHkuiii yacy

4.2.1 llporpamue ¢popMyBaHHS THUMYACOBOI 3aTPUMKH

3aTpumka maisioi TpuBasocTi. [Ipouenypa peanizamii THUMYacOBOI
3aTPUMKH BUKOPHCTOBY€E METOA MPOTrpaMHUX LMKIiB. [Ipy HboMy B neBHUMH
poOOUHii pericTp 3aBaHTAXKYETHCSA YUCIO, SIKE MOTIM B KOXXHOMY IPOXOZi
UMKy 3MeHmyerscs Ha 1. Tak TpuBae 1o TuX mip, HOKH BMICT poOOYOTO
pericTpa He CTaHe PIBHUM HYIIIO, IO IHTEPHPETYETHCS MPOTPaMoIo SIK
MOMEHT BHXOAY 3 IUKIY. Yac 3aTpUMKH pU LIbOMY BU3HAYAETHCS YUCIIOM,
3aBaHT@XEHHMM B poOOYMH pericTp, 1 YacoM BHUKOHAHHS KOMAaHJ, IO
YTBOPIOIOTH IPOIPaMHUN LUKIL

[Ipunyctumo, mo B Kepyrouiil mporpami HEOOXiHO peani3yBaTH
TAMYAcoBy 3aTpuMKy 99 wxkc. @PparMeHT mporpaMu, IO peatizye
TUMYaCOBY 3aTPUMKY, TOTPiOHO OhOPMUTH Y BUTIISAL MiATPOTpaMH, TaK K
nepeadayvaeTbesl, 0 OCHOBHA Kepyloda mporpama Oyae BUPOOJIATH A0 Hel
Oararopa3oBi 3BepHEHHS IS (QOpMyBaHHS BHXITHUX IMITYJIHCHHX
CUTHAJIB, TPUBAJIICTH SIKUX KpaTHA 99 MKC:

DELAY: MOV R2, #X ;3arpyska umcia X
COUNT: DJNZ R2, COUNT ;zmexpeMeHT R2 u LUuKJI, ecau He paBHO 0
RET ; BO3BpPAT

Jis  oTpuMaHHS HEOOXigHOI THMYAacoOBOI 3aTPUMKH HEOOXiJIHO
BHU3HAUUTH 4uClIO X, 3aBaHTaXyBaTH B poOO4Mi pericTp. BusHaueHHs
grcna X BUKOHYETHCS Ha OCHOBI PO3paxyHKy Yacy BHKOHAHHS KOMaH]I, 1110
YTBOPIOIOTH JaHy mianporpamy. [Ipu npoMy HeoOXiTHO BpaxoBYBaTH, IO
komangu MOV i RET BUKOHYIOTbCS OTHOPa30BO, a YHCIO HOBTOPEHb
komaagun DINZ nopiBHioe umcmy X. Kpim TOoro, 3BEepHEHHA [0
MiANPOrpaMH THMYAacOBOI 3aTPUMKH 3AiKCHIOETHCS Mo komanai CALL
DELAY, BpeMsi BUKOHAHHs $KOI TaKkoX HEOOXiTHO BpaxoBYBaTH MpHU
MiApaxyHKY HEBEIHUKOIO 3aTPUMKOIO.

B ommci komaHm MiKpPOKOHTpOJiepa BKAa3yeThCSA, 3a CKUIBKH
MalmHHUX nuKiIiB (ML) BunoBHIOEThCS KOXKHA KoMaHAa. Ha migcrasi mux
JAHUX BU3HAYAETHCS CyMapHa KUIbKICTh MalllMHHUX [HKIIIB B ITiIPOTpami:
CALL -2 MII, MOV - 1 MI], DINZ - 2 MI, RET - 2 MII.

Ha ocHOBaHUM 3THUX MJaHHBIX OIpEAETSeTCS CyMMapHOE YHCIIO
MAIIMHHBIX LUKIOB B moamporpamme. Ilpum TakToBiii yactoTi 12 MI'It
KOXXCH MAallMHHAN IMKJI BHKOHYeTbCsl 3a 1 Mkc. TakuMm dYuHOM,
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MminporpamMa BUKOHYEThes 3a yac 2 + 1 + 2 X + 2 =5 + 2 X mke. [na
peaimizariii TuMuacoBoi 3aTpuMkn 99 Mic uncio X = (99 - 5)/ 2 = 47.

Brnanomy Bumaaky mpu 3aBaHTakeHHI B perictp R2 uumcma 47
HeoOXigHa TuM4YacoBa 3aTpuMKa (99 MKcC) peanizyeTbcsi TOYHO. SIKIIO
yucao X BHUXOAMTH JpoOOBMM, TO THMYacOBY 3aTPUMKy MOXKHA
peamizyBaTu Jnumie MpUOIW3HO. [ ORI TOYHOTO IMiICTPOIOBAHHS B
mignporpaMmy MOXKyTh OyTH BKJIroueHi komanaum NOP, yac BUKOHaHHS
KOXKHO{ 3 SIKHX JOPiBHIOE 1 MKC.

MiniMalbHa THMYacoBa 3aTpUMKa, peaizoBaHa IiAMPOTPaMoIo
DELAY, cranoButs 7 Mkc (X = 1).

TuM4acoBy 3aTPUMKY MEHLIOI0 TPHBAJIOCTI MPOTPAMHUM LUISXOM
MOXHA peanizyBaTH, BKIIOYAIOUH B IPpOrpaMy JIaHIFoKKa komaua NOP.

MakcuManbHa ~ TPHUBANICTh  3aTPUMKH, IO  Peali3yeThCs
nianporpamoio DELAY, cranoButs 515 Mkc (X = 255)

Jnsa  peamizamii  3aTpuMKH  OIIBINIOI  TPHUBAJIOCTI  MOXKHA
PEKOMEHTyBaTH 30LIBIINTH TiJIO MUKIY BKJIIOYCHHSM JIOJATKOBUX KOMaH]I
a00 BUKOPHCTOBYBAaTH METO/]| BKJIaJICHUX IUKIIB. Tak, HAMPHUKIAM, SIKIIO B
nignporpamy DELAY mnepen kxomanaoro DINZ BcTaBuTH J0JaTKOBO ABI
komanmu NOP, To makcnManbHa 3aTpuMKa ckimage S + X (2 + 1) =5+3 *
255 =770 mxkc (ToOTO Maiike B iBTOpa pas3u OUIbIIE).

3aTpuMka BeJHMKOI TPUBAJIOCTi. 3aTpyMKa BEIHMKOI TPHUBAJIOCTI
Moke OyTH peani3oBaHa IDIAXOM BKIaAeHWX IukiIiB. Ymema X i Y
BuOUpatoTbes 3 chiBBigHomenHs T =2 + 1+ X (1 +2Y +2)+2, ne T -
peaizoBaHUil YacoBHH 1HTEpBal B MIKPOCEKYHAax. MakcuManbHHUN
YacOBUH IHTEpBAJ, IKHH peali3yeThCsl TaKUM criocobom, mpu X =Y = 255
ctaHoBuTh 130.82 mc, TobTo mpubmm3Ho 0.13 c.

S mpuknaz po3rISIHEMO MiINporpamy, MO pealizye THMYacoBY
3arpumMKy 100 mc:

TyT nBa BKIAaJCHUX LHUKIY peali3yloTb THMYacOBY 3aTPUMKY
TpuBaiicTio 5 + 195 (3 + 2 * 254) = 99 650 MKkc, a HOAATKOBUM ITHKII
LOOPAD i xomanma NOP peanizye 3zatpumky 350 MKC i THM camMuM
3a0e3Me4ye TOUHY HACTPOMKY TUMYacOBOTO iHTEpBay.

DLY100: MOV R1, # ; 3aBaHTAaXeHHS
LOOPEX: MOV R2, # ; 3aBaHTAaXEHHS
LOOPIN: DJNZ R2, LOOPIN ;mexpeMeHT R2 Ta BHYTpimHiN
;umkJyl, saxmo (R2) He pine 0
DJNZ R1, LOOPEX ;mexpemeHT Rl Ta BHyTpimHin

;umkil, saxumo (R1) He pine 0
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MOV R3, # ; TOUHe IIimjiamTyBaHHS
LOOPAD: DJNZ R2, LOOPAD ;uacorOil

NOP ; 3aTPVIMKM

RET ; IOBEPHEHHHA

TumyacoBa 3aTpUMKa TPUBaJicTIO 1 ¢. 3 PO3MIISTHYTOTO MPUKIATY
BUJHO, IO CEKyHJa € IyXe€ BEJIMKHM IHTEpBAJIOM 4acy B MOpPIBHSAHHI 3
TaKTOBOIO YaCTOTOIO MIKpOKOHTpojepa. Taki 3aTpUMKd — CKJIaIHO
peanizyBaTH METOIOM BKIAICHUX IHKIIB, TOMY iX 3a3BHYail HAOMPaIoTh 3
TOYHO MiJICTPOEHHUX 3aTPUMOK MEHIIIOI0 TpUBAiocCTi. Hampuknan, 3aTpuMKy
B 1 ¢ MOXHa peanizyBaTu IECSITUKPATHUM BUKIMKOM ITiIITPOTPaMH, IO
peanizye 3atpuMky 100 Mmc:

DLY1: MOV R4, # ;3arpyska B R4 umcia BeI30BOB DE-LAY
LOOP: CALL DLY100 ;3amepxka 100Mc
DJNZ R4, LOOP ;R4 - 1 m umky, eciaum (R4) nHe pasuo 0

[Moxubka mignporpamu ctaHoBuTh 21 Mkc. s myxe OaraTbox
3aCTOCYBaHb 1€ JIOCHTh BUCOKA TOYHICTh, X0Ua peali3oBaHi HA OCHOBI Ili€l
MPOTrpaMu FOJJMHHUK ACTPOHOMIYHOTO 4acy 3a 00y "BTeuyTh" MpUOIU3HO
Ha 1.8 c.

4.2.2 ®opMyBaHHS 4YacOBOI 3aTPUMKH TaliMepoM

3arpuMka Majoi TpuBajiocTi. HemosikoM mporpaMHOro croco0y
peadizanii THM4acoBOi 3aTPUMKH € HepalioHaIbHE BUKOPUCTAHHS pecypciB
MIKpOKOHTpOJepa: il 4Yac (OpMyBaHHS 3aTPUMKH BiH IPAKTHIHO
MIPOCTOIOE, TaK K HE MOXKE BHUPINIYBATH HISKWX 3aBJIaHb YIPaBIiHHI
o0'ekToM. Y TOH ke uac amapaTypHi 3acoOM J03BOJISIOTH peajizyBaTH
TUMYACOBi 3aTPUMKH Ha ()OHI OCHOBHOI ITpOTrpamMu poOOoTH.

Ha Bxin taiimepa / miunnparka (T/C) MOXYyTh HagXOAWTH CHTHAIN
cuHXpoHi3alii 3 yactororo 1 MI'm (T/C B pexxumi TaiiMepa) abo cuTHANIN
Big 3oBHimHBOro mkepena (T/C B pexumi niumnpHuka). OOuaBa wi
peXUMy MOXYTh OyTH BHUKOPHCTaHI g (OPMYBaHHS 3aTPUMOK. SIKIIo
BukopucroByBaru T/C B pexumi Taiimepa moBHoro ¢opmaty (16 6iT), To
MO>KHa OTPHMATH 3aTPUMKH B Jiama3zoHi 1 - 65 536 mkc.

Sk mpuKiIan po3rIsTHEMO OpraHizamilo THM4acoBoi 3aTpUMKH 50 Mc
(TIMER). Tlepembauaerscst, mo Oir |E.7 BcranosmeHo, TOGTO 3HSATO
ONOKYyBaHHS BCiX IepepHBaHb. 3BEpPHITH yBary, M0 TYT BHKOPHCTaHA
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KOMaH/a Tepe-Bojla MIKPOKOHTpOJIEpa B PEXHM XOJOCTOTO XOAY, SKHI
MIPUTHHAETBCS e 3akinueHHs 50 Mmc. Lleit pexuMm peanizoBaHWid B
mikpokoHTponiepi Intel 80C51 (BiTumsusumii anamor KP1830BEST),
BurotoBieHu#t 3a rexHonoriero KMOII [3]. ToMy uist HamaroKeHHs el
mporpamMu depe3 myHKT Debug mento Options BuOepiTh BKazaHHN THI
MIKpOKOHTpOJIepa.

;Opranisania mepexony no MiTkm NEXT npu nepenoBHeHHi T/CO

ORG ;adpeca BeKTOpa
nepepmuBaHusa Bim T/CO

CLR TCON.4 ;3ynmHKa T/CO

RETI ;BUX1n 3 nimgnporpamm

; OBPOOKM IIepepPUBAHHSI

ORG ;IO0YaTKoOBa ampeca
npoTrpaMmu
TIMER: MOV TMOD, # ;HasamTysaHua T/CO

MOV TLO, #LOW(NOT( -1)) ;3aBaHTaxeHHs TalMepy IJisd

MOV THO, #HIGH(NOT ( -1));zarpumku y 50 mMc

SETB TCON. 4 ;crapT T/CO

SETB IE.1 ;003B1J1 mepepuBaHHSA Bip
T/CO

SETB PCON. O ;repexin y pexum
XOJIOCTOTO XOnmy
NEXT: ;

4.3 BumiproBaHHsSl YacOBMX iHTepBaJiB

Y  3aBEaHHAX  YOpaBIiHHSA  4YacTO BWUHUKAE  HEOOXIIHICTh
BHMIPIOBaHHS MPOMDKKY dYacy MDK JIBOMa MOZAisMH. 3a3BWUYail momii B
00'€KTI YIpaBJIiHHS TPEJCTABISIOTLCS CUTHAJIAMU Bijl IOBIYHUX JATUUKIB.
BBakaroum nofissMu GpoHT 1 criaj] iMImyJIbCcy, MOYKHA BU3HAYATH THMYACOB1
XapaKTepUCTUKHA  IMIYJIbCHHX  CHUTHAJIB:  TPUBANICTh, TMepiog i
LIMapyBaTiCTh.

Haijinpoctimum cnoco6om BuUMipy TpuBagocTi IMOyJabcy €
nporpamumii. /{7 BusiBieHHs nofii (PpoHT i caz iIMIyIbCHOTO CUTHAIY )
B IIbOMY BHUIIaJKy BUKOPHUCTOBYIOThCS THITOBI mpouenxypu WAIT, a Biamix
Yacy BeleThCs MpOrpaMHUM criocobom. s "mo3uTUBHOTO" iMIyJIBCHOTO
CUTHaly, W0 Haaxogutb Ha BXig TO0, mporpama BuMiproBaHHsS Ioro
TPUBAJIOCTI MAaTUME BUTJISIAL

MSCONT: MOV R7, # ; CKMIaHHA J1iumMiibHMKA
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WAITO: JNB TO, WAITO ;OuikyBaHHS QPOHTY CUI'HAJY
COUNT: INC R7 ; ITHKpeMeHT JiumibHUKa

JB TO0, COUNT ;OulikyBaHHA crnany CUTHAaJy
EXIT: P ;Buxin 3 npouenypu

Ilicnst Buxomy 3 mpouemypd BMICT JHUMIbHHKA R7 mpomnopriiHO
TPUBAJIOCTI IMITYJIbCY.

st HopManbHOT poOoTH 1€l porpamMy HEoOXinHO, 1100 3BEPHEHHS 10
Hel BUpOOIIIIOCS B MOMEHTH, KOJI Ha BXozi TO TpHCYTHIN CUTHAT HYJIOBOTO
piBHA. BepxHA Mexa BHUMIPIOBAHOI TPHBAJIOCTI «ITO3UTHBHOTOY» IMITYJIBECY
ckmane 255%(1 + 2) mrxc = 765 mkc. Llg mexa moxke OyTu 30UThIICHUI
BxmoueHHsIM B 1Mkl COUNT nonmarkoBux komana NOP. MakcumanbHa
MOX1OKa BUMIPIOBaHb 3 MKC.

BumiproBanHs yacoBux iHTepBaJiB. 3acTocyBaHHs Taiimepa. [l
BUMIPIOBaHHS TPUBAIOCTI CUTHAITY MOXe OYTH BUKOPHUCTaHHMH TaiMep.
Oco6imBO eeKTHBHO BUKOPHCTAHHS JUIA 1i€i MeTr Taiimepa B 8051 Intel, mae
BXiJ 103BOJTy paxyHKy (anmbrepHatuBHa (yHkiis Bxomy INT). BumiproBanuii
CHUTHaJI MOKHA, HaNpuKiaj, nogasati Ha Bxig INTO, a Bumip TpuBasnocti npu
usomy Oyne BukonyBatwcsi B T/CO. Ilporpama BUMipIOBaHHS TPUBAJIOCTI
«no3utuBHOrO» iMiysiey (MSTIMER) Gyne Burisinatu Tax:

MSTIMER: MOV TMOD, # ;Hacrporka T/CO
MOV THO, # ;CkuImaHHA TanMepa
MOV TLO, #
SETB TCON.4 ;CrapT T/CO
WAITO: JNB P3.2, WAITO ;OuikyBanHHg 1
WAITC: JB P3.2, WAITC ;OuikyBanug 0
CLR TCON.4 ;Cron T/CO
EXIT: e ;Buxin 3 mpouenypu

YnpapniHHS TPOrpaMor0 TMOBHHHO OyTH TIEpedaHO 3a YMOBH, IIO Ha
Bxoai INTO npucytHiit Hu3bkuii piBens. [lepepuBanns Big T/CO i 30BHimHE
niepeprBanHs 110 Bxoxy INTO noBuHHI 6yTH 3a60pOHEHI.

ITo 3aBepmrenni mporpamu B T/CO Oyme 3HAXOAWTHCS UHCIIO,
MPOTIOPIIHE TPUBAIOCTI «IIO3UTUBHOTO» iMITyibcy Ha Bxomi INTO. Bepxus
MeyKa BUMIPIOBaHHS IOPIBHIOE 65 536 MKc, a MakcHMMasbHa IOXHOKa 1 MKc.

IIpm HEOoOXigHOCTI BHUMIpPIOBAaHHS THMYAaCOBHUX IHTEPBANIIB OUTIBIITIO
TPUBAJIOCTI ~MOXKHA TMPOTPaMHUM  CIOCOOOM  MiNPaxoBYBaTH  YHCIIO
MIEPENIOBHEHb BiJl TalMepa, TOOTO PO3IMIMPIOBATH HOTO PO3PSIHICTS 32 paxXyHOK
pobodoro pericTpa a0 KOMIPKH pe3UICHTHOT TTaM'sITi JaHHX.
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4.4 3aBaanHs AJ5 NPAKTHYHOL po0OTH

BiamnoBicTi Ha HACTYIHI TUTAHHS:

1. 3 sAKOI0 YacTOTOIO IHKPEMEHTYEThCS BMICT TalMepa/TidIbHAKA TIPH
poborTi B siKOCTI Taiimepa?

2. YoMy JOpiBHIOE MaKCUMaJIbHA YacTOTa MiIPaXyHKy BXiJHUX CUTHAIIIB
py poOOTI TalMepa/MYMITbHAKA B PEKUMI JYHITEHAKA?

3. OxapakTepusyiiTe peKUMU pOOOTH TaliMepa/TiYnIbHHUKA.

4. Sk opraHi3yBaTH IpoLeaypy OUiKyBaHHS MOl 32 JOIOMOIOI0 OJHI€T
KOMaHu?

5. SIk mporpamMHo i anapatHo GOPMYIOTECS 3aTPHUMKH Pi3HOT TPUBAIOCTi?

6. SIx 3a HOMOMOro MIKpOKOHTpOJEpa BUMIPSTH YacOBHH iHTEpBal i
OIIIHUTH TOYHICTH Ta Tialla30H BUMIpY?

7. Pozumdpyiite komangy MOV TMOD, #01000000B.

Tabmuis 4.3 — 3aBaaHHs ISl MPAKTHYHOI pOOOTH

Bapuant 3aBnaHHs 10 poOOTH

1. Hanmcatu migaporpamy Uit 3aTPUMKH MaJioi TPUBAJIOCTI
Ha BKa3aHUH IHTEpBa 4acy.

2. Hanucatu minaporpamy 1isi 3aTPUMKH BEIUKOT TPUBAJIOCTI
Ha BKa3aHUH 1HTEpBaJ 4acy.

3. Hanmcaru mimaporpamy Ui 3aTpUMKH BKa3aHOT
TPUBAJIOCTI 3a IOIIOMOT0I0 TaiiMepa.

4. Harmmcatu migaporpaMy Ajisl BAMIPY TPHUBAIIOCTI iIMITYITECY
3aJaHOi OJIITHOCTI Ha BKa3aHOMY ITiHI IPOTPaMHHUM
croco0oM.

5. Hanucaru mizaporpaMy it BAMipY TPUBAJIOCT] IMITYJIbCY
3a7aHO] MOJISITHOCTI Ha BKa3aHOMY IIiHi 3@ JOIIOMOTO10
Taiimepa.

1. Harmucatu migaporpamy ans 3aTpuMks Ha 90 MKc

2. Harmucarum migaporpamy st 3arpumku Ha 90 mc

3. Harmmcatu migaporpamMy st 3aTpUMKH Ha 23 MC

4. HanmcaTu miaporpamy JUisi BAMIPY TPUBAJIOCTI

1 «TO3UTHBHOTO» IMIYJIbCY Ha MiHI 5 MOPTY 3 MporpaMHUM
HIISIXOM

5. Harucaru mimaporpamy it BUMipy TPUBAJIOCTI
«TIO3UTHBHOTO» IMIYJIbCY Ha iHi 4 MOPTY 2 3a JOMOMOTOI0
TaiMepa
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Bapuant

3aBmaHHs 10 poboTH

1. Hammucatn migaporpaMy ajis 3aTpuMKH Ha 97 MKC

2. Hamucaru mimaporpamy Jist 3aTpuMKH Ha 85 mc

3. Hammucatu migaporpamy ajs 3aTpuMKH Ha 26 Mc

4. HanmcaTu migaporpamy Uit BUMIpY TPUBAJIOCTI
«TIO3UTHUBHOTOY IMITYJILCY Ha MiHI 5 MOPTY 3 mporpaMHUM
HUISIXOM

5. Hanncatu mizaporpamy 1sisi BUMipy TPUBaJIOCTi
«TIO3UTHUBHOTOY IMITYJILCY Ha IiHI 4 TIOPTY 2 3a JOITOMOTOIO0
Taiimepa

1. Hammucatu migaporpamy Ajs 3aTpuMKH Ha 96 MKC

2. Hanncatu mimaporpamy ass 3aTpuMKH Ha 98 mc

3. Harmcatu migaporpamMy Ijis 3aTpUMKH Ha 27 Mc

4. HanmcaTu migaporpamy JUisi BAMIpY TPUBAJIOCTI
«IO3UTHUBHOTO» IMITYJIbCY Ha MiHI 5 OPTY 3 MpOrpaMHUM
HITSIXOM

5. Hammucatn migaporpaMy st BUMipy TPHBAJIOCTI
«TO3UTHBHOTOY» IMITYJIbCY Ha TiHi 4 MOPTY 2 3a JOMOMOTOI0
TaiMepa

1. Harmucaru migaporpamy [utst 3aTpuMKH Ha 92 MKc

2. Hanucaru minaporpamy Juist 3aTpuMKH Ha 170 mc

3. Hammucatu migaporpamy ajst 3aTpuMky Ha 13 mc

4. Harmucatu migaporpamy Jjsi BAMipY TPHUBAJIOCTI
«ITO3UTHUBHOTOY» IMITYJIbCY Ha TiHI 5 IOPTY 3 mporpaMHuM
HUISIXOM

5. Hanucaru minaporpamy 11t BUMIpy TPUBaJIOCTi
«IO3UTHUBHOTOY» IMITYJIbCY Ha TiHI 4 TOPTY 2 3a JOMTOMOTOI0
Taiimepa

1. Hammucatu migaporpamy ajs 3aTpuMky Ha 117 mkc

2. Hammucaru migaporpamMy Iutst 3aTpUMKH Ha 57 Mc

3. Harmcatu migaporpamy st 3aTpuMKH Ha 21 Mc

4. HanmcaTu migaporpamy JUisi BAMIPY TPUBAJIOCTI
«TO3UTHBHOTO» IMIYJIbCY Ha MiHI 5 OPTY 3 MpOrpaMHUM
HIJISIXOM

5. Harucaru mimaporpamy it BUMipy TPUBAJIOCTI
«TO3UTHBHOTOY» IMITYJIbCY Ha TiHi 4 MOPTY 2 32 JOIIOMOTOI0
TaiMepa
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Bapuant

3aBmaHHs 10 poboTH

1. Hammucatn migaporpaMy ajis 3aTpuMKH Ha 112 MKc

2. Harucaru mimaporpamy st 3aTpuMks Ha 98 mc

3. Hammucartu migaporpamy ajst 3aTpuMky Ha 18 mc

4. HanmcaTu migaporpamy Uit BUMIpY TPUBAJIOCTI
«TO3UTHUBHOTOY IMITYJILCY Ha IiHI 5 TOPTY 3 MpOTrpaMHUM
HUISIXOM

5. Hanncatu mizaporpamy 1sisi BUMipy TPUBaJIOCTi
«TIO3UTHUBHOTOY IMITYJILCY Ha IiHI 4 TIOPTY 2 3a JOITOMOTOIO0
Taiimepa

1. Harmucatu migaporpamy ajs 3aTpuMku Ha 119 mkc

2. Hanncatu minaporpaMy [uis 3aTpuMKH Ha 112 mc

3. Harmmcatu migaporpamy mist 3atpumkn Ha 30 Mc

4. HanmcaTu migaporpamy JUisi BAMIpY TPUBAJIOCTI
«IO3UTHUBHOTO» IMITYJIbCY Ha MiHI 5 OPTY 3 MpOrpaMHUM
HITSIXOM

5. Hammucarn migaporpaMy st BUMipy TPHBAJIOCTI
«TO3UTHBHOTOY» IMITYJIbCY Ha TiHi 4 MOPTY 2 3a JOMOMOTOI0
TaiMepa

1. Harmucaru migaporpamy 1uist 3aTpuMky Ha 121 mxc

2. Haniucaru minaporpamy juist 3aTpuMkH Ha 108 mc

3. Hammucatu migaporpamy ajst 3aTpUMKHU Ha 28 Mc

4. Harmucatu migaporpamy Jjsi BAMIpY TPHUBAJIOCTI
«ITO3UTHUBHOTOY» IMITYJIbCY Ha TiHI 5 IOPTY 3 mporpaMHuM
HUISIXOM

5. Hanucaru minaporpamy 11t BUMipy TPUBaJIOCTi
«IO3UTHUBHOTOY» IMITYJIbCY Ha TiHI 4 TOPTY 2 3a JOMTOMOTOI0
Taiimepa

1. Hammucatu migaporpamy ajst 3aTpuMKH Ha 122 mkc

2. Harmucaru migaporpamy muist 3arpumku Ha 107 mc

3. Harmcatu migaporpamy st 3aTpUMKH Ha 26 Mc

4. HanmcaTu miaporpamy JUisi BAMIPY TPUBAJIOCTI
«TO3UTHBHOTO» IMIYJIbCY Ha MiHI 5 OPTY 3 MpOrpaMHUM
HIJISIXOM

5. Harucaru mimaporpamy it BUMipy TPUBAJIOCTI
«TO3UTHBHOTO» IMIYJIbCY Ha TiHi 4 MOPTY 2 3a JOMOMOTOI0
TaiMepa
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Bapuant

3aBmaHHs 10 poboTH

10

1. Hammucatn migaporpaMy ajist 3aTpuMKH Ha 94 MKC

2. Harucaru nimaporpamy st 3aTpuMks Ha 70 Mc

3. Hammucartu migaporpamy ajist 3aTpuMKy Ha 37 Mc

4. HanmcaTu migaporpamy Uit BUMIpY TPUBAJIOCTI
«TIO3UTHUBHOTOY IMITYJILCY Ha MiHI 5 MOPTY 3 mporpaMHUM
HUISIXOM

5. Hanncatu mizaporpamy 1sisi BUMipy TPUBaJIOCTi
«TIO3UTHUBHOTOY IMITYJILCY Ha TIiHI 4 MOPTY 2 3a TOIIOMOTO0
Taiimepa

11

1. Harmucatu migaporpamy ajs 3aTpuMkd Ha 118 mkc

2. Hanucatu mimaporpaMy 1uis 3aTpUMKH Ha 127 mc

3. Harmmcatu migaporpamMy Ijis 3aTpUMKH Ha 23 Mc

4. HanmcaTu migaporpamy JUisi BAMIpY TPUBAJIOCTI
«IO3UTHUBHOTO» IMITYJIbCY Ha MiHI 5 OPTY 3 MpOrpaMHUM
HITSIXOM

5. Hammucarn migaporpaMy st BUMipy TPHBAJIOCTI
«TO3UTHBHOTOY» IMITYJIbCY Ha TiHi 4 MOPTY 2 3a JOMOMOTOI0
TaiMepa

12

1. Harmucaru migaporpamy st 3arpumkun Ha 103 Mxc

2. Hanucaru mimaporpamy IJisi 3aTpUMKH Ha 75 Mc

3. Hammucatu migaporpamy ajist 3aTpuMKy Ha 44 Mc

4. Harmucatu migaporpamy Jjsi BAMIpY TPHUBAJIOCTI
«ITO3UTHUBHOTOY» IMITYJIbCY Ha TiHI 5 IOPTY 3 mporpaMHuM
HUISIXOM

5. Hanucaru minaporpamy 11t BUMIpy TPUBaJIOCTi
«IO3UTHUBHOTOY» IMITYJIbCY Ha TiHI 4 TOPTY 2 3a JOMTOMOTOI0
Taiimepa

13

1. Hammucatu migaporpamy ajst 3aTpuMky Ha 137 mkc

2. Harmucaru migaporpamMy [utst 3aTpUMKH Ha 67 MC

3. Harmcatu migaporpamy st 3aTpUMKH Ha 42 Mc

4. HanmcaTu migaporpamy JUisi BAMIPY TPUBAJIOCTI
«TO3UTHBHOTO» IMIYJIbCY Ha MiHI 5 OPTY 3 MpOrpaMHUM
HIJISIXOM

5. Harucaru mimaporpamy it BUMipy TPUBAJIOCTI
«TO3UTHBHOTO» IMIYJIbCY Ha TiHi 4 MOPTY 2 3a JOMOMOTOI0
TaiMepa
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Bapuant

3aBmaHHs 10 poboTH

14

1. Hammucatn migaporpaMy ajis 3aTpuMKH Ha 145 MKc

2. Harucatu mimaporpamy Juist 3aTpuMKH Ha 118 mc

3. Hammucaru migaporpamy ajist 3aTpuMKU Ha 33 Mc

4. HanmcaTu migaporpamy Uit BUMIpY TPUBAJIOCTI
«TIO3UTHUBHOTOY IMITYJILCY Ha TiHI 5 MOPTY 3 mporpaMHUM
HUISIXOM

5. Hanncatu mizaporpamy 1sisi BUMipy TPUBaJIOCTi
«TIO3UTHUBHOTOY IMITYJILCY Ha IiHI 4 TIOPTY 2 3a JOITOMOTOIO0
Taiimepa

15

1. Harmucatu migaporpamy ajs 3aTpuMkd Ha 115 mkc

2. Hanncatu mizaporpamy 1is 3aTpUMKH Ha 85 mc

3. Harmcatu migaporpamy s 3aTpuMKH Ha 38 Mc

4. HanmcaTu migaporpamy JUisi BAMIpY TPUBAJIOCTI
«IO3UTHUBHOTO» IMITYJIbCY Ha MiHI 5 OPTY 3 MpOrpaMHUM
HITSIXOM

5. Hammucarn migaporpaMy st BUMipy TPHBAJIOCTI
«TO3UTHBHOTOY» IMITYJIbCY Ha TiHi 4 MOPTY 2 3a JOMOMOTOI0
TaiMepa

16

1. Harmucarn migaporpamy st 3arpumkun Ha 100 mxc

2. Hanucaru mimaporpamy IJisi 3aTpUMKH Ha 77 MC

3. Hammucatu migaporpamy ajst 3aTpUMKH Ha 55 mMc

4. Harmucatu migaporpamy Jjsi BAMIpY TPHUBAJIOCTI
«ITO3UTHUBHOTOY» IMITYJIbCY Ha TiHI 5 IOPTY 3 mporpaMHuM
HUISIXOM

5. Hanucaru minaporpamy 11t BUMIpy TPUBaJIOCTi
«IO3UTHUBHOTOY» IMITYJIbCY Ha TiHI 4 TOPTY 2 3a JOMTOMOTOI0
Taiimepa
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5. TPAKTUYHA POBOTA Ne5
«CUCTEMA IEPEPUBAHBb TA TAUMEPH/JITMUJIbHUKHA
MIKPOKOHTPOJIEPA 8051»

5.1 Cucrema nepepuBanb MikpokoHTpoJiepa 8051
Copoiena cxema nepepuanb Mikpo-EOM 8051 mokaszaHa Ha puc.

5.1.
Apnpeca
o BekTopa
5
E
0 & | ooo3H
N g
—\_ =
o
LG »2 | & | 000BH
o
=
B :
=
L1 g 0013H
[+]
—\ E
=
6 | co1BH
S
o
3
2 | 0023H
L ]

Pucynok 5.1 — Cxema nepepuBaHb

3oeHiwHi nepepuBanas INT 0 i INT 1 moxyTs OyTh BuKIHMKaHi abo
piBHeM, abo nepexogoM curHany 3 1 B 0 Ha Bxozmax 8051 B 3aexHOCTI Bix
3Hauedb kepyrounx OiT ITO i IT1 B perictpi TCON. Bin 30BHImHIX
nepepuBanb BecranoBmotoTees npanopu [EO i IE1 B perictpi TCON, ski
HIIIIOIOTH BUKJIMK BiIOBIAHOI MporpaMu 0OCIYTOBYBaHHS IIEpEpHUBAHHSI.
CkuIaHHS IIMX MPanopiB BUKOHYETHCS alapaTHO TiABKH B TOMY BHIIAJIKY,
SKIIO TIEpEepUBaHHS OyJI0 BUKJIIMKAHO TI0 TTepeXxoy (3pi3y) curHamy. Skio
X TepepuBaHHA BHKIMKAHO PiBHEM BXIJHOTO CHTHaly, TO CKHIAHHAM
npamnopa | moBMHHA yNpaBiIsATH BiAMOBiIHA MiANporpama oOCIyroByBaHHS
[IEpEepUBaHHs LUIIXOM BIUIMBY Ha JKEPENIO MEPEePUBAHHS 3 METOIO 3HSTTA
HUM 3aITuTy.
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[Ipanopu 3anutiB nepepuBanus Bif taiMepiB TFO i TF1 ckumaroTecs
ABTOMATHUYHO TIPU Tepefadi YMpaBiHHS IMANpPOrpamMi OOCITyrOBYBaHHS.
[pamopu 3amutie mnepepuBanHs RI i Tl BCTaHOBIIOIOTBCS OIOKOM
yOpaBlliHHS NpuUiiMaya amapaTHO, ale CKUIATHUCS MOBHUHHI NPOTPaMHHUM
nusixoM.  [lepepuBanHSs MOXYTh OyTH BHKIWKaHI ab0 CKacoBaHi
MIPOrpaMoro, TaK SIK BCi Ha3BaHI MpParopu MPOrpaMHO JTOCTYIHI i MOXYTh
oyt Puc. 5.1. Cxema mepepuBaHb BCTAHOBJICHI / CKUHYTI MPOrpamolo 3
TUM )K€ pe3yJbTaTOM, SIK SIKIIO O BOHM Oyl BCTaHOBJEHI / CKHHYTI
arapaTHUMH 3aCO0aMHU.

Y Omomi pericTpiB crnemianbHUX (QYHKOI € JBa pericrpu,
NPU3HAYEHUX [UI YIOpaBliHHSI pexXuMoM mepepuBanb IE 1 piBHsIMH
npiopurety IP, onmmcani B Tabmumi 5.1 1 5.2 BimmoBigHO.

MOoXIHMBICTP TPOTPaMHOI YCTaHOBKM / CKUAAHHA OyIb-SKOTO
Kepylodoro 0iTa B MX ABOX pericTpax poOuTh cucreMy nepepuBanb 8051
BHUKJTIOYHO THYYKOI0. Y OUTBII CKIATHUX MOTU(IKAIIIAX MIKPOKOHTPOJIEPIiB
cimeiictea MCS-51 kinmpkicTe nepudepifHUX NPUCTPOIB 301LTBIIEHO, IO
MNPU3BOAUTH 10  HEOOXIJHOCTI ~ BUKOPUCTOBYBAaTH  OJWH  BEKTOP
nepepruBaHHs Uil JIEKIIBKOX — OPUCTPOiB  (moXin  miamporpam
00CITyroByBaHHSI NIEpEepHBaHbh B IIbOMY BHMAIKy HEOOXiTHO pealizyBaTH
MporpaMHo), abo ToJaTH 1ie 1Ba PETICTPH - PEKUMY (MacKH) 1 IPiOPUTETY
nepeprBaHb.

Tabmuus 5.1 — Perictp macok nepepuBanns (IE)

CumBon | Pospsn IM’st Ta npU3HAYEHHS
EA IE7 Po36iokyBanHs TePEPUBAH. CKI'/I,I[aCTBCFI IPOrPaMHO JIst 3a00POHH BCiX
HepepUBaHb He3alIexHo Bix craHiB |E4-1EQ
IE.6 He BHKOpHCTOBYIOTBCS
IE.5 He BukopucTOBYIOTBCS
ES IE4 Bit no3Bony nepepuBaHHs Big UART. YCTaH_OBKa/ CKUJIAaHHS MIPOTPaMOI0 ISt
1103BOJTY / 3a00poHH niepepuBansb Bin npamnopis T1, Rl
ET1 IE3 BiT 103B0JTy nepepuBaHHs Bijt Taﬁmepa. 1. VcraHoBKa / CKUAQHHS IPOrPaMOI0
JUIs 103BOJTY / 3a00pOHM NepepuBaHb Bij Taiimepa 1
EX1 IE2 biT 103B01Ty 30BHINIHBOrO NMepepuBaHHs 1. YcTaHOBKA / CKUAHHS
POrpamoIo JUisl 03BOJTY / 3a00pOHH IepepuBaHb
ETO IE.1 Jlo3Bin nepepuBanHs Bix taitmepa 0. IIpamioe ananoriuno IE.3
EX0 IE.O Jlo3Boun 30BHimHb0r0 nepepusanHs 0. [Ipamoe ananorivno IE.2

Tabmuus 5.2 — Perictp npiopiteTiB nepepuBaHb

CumBout Po3psin IM’st Ta npu3HaYESHHs
- IP.7- IP.5 | He BUKOPHCTOBY€TECS

PS IP.4 bit npiopurery UART. YcranoBKa / CKHIaHHS IIPOTPaMOI0 JUIst
) npusHayeHHs nepepuBanss Big UART BuIIoro / HUW»X4oro npiopurery
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PT1 P.3 bit npiopurery Taiimepa 1. Y_CTaHOBKa/ CKHJIAHHS! [IPOTPaMOI0 JIlst
[pHU3HAYCHHSI IIEPePUBAHHS Bijl TaliMepa 1 BUIOrO / HIKYOTO IPIOpUTETY
biT npiopurery 30BHIIHBOrO NepepuBanHs 1. YcTaHOBKA / CKUAAQHHS

PX1 IP.2 MIPOrpamoro st npu3HayeHHs nepepuBanHs INT1 BuIioro / Hux4oro
piopuTeTy

PTO 1P.1 bit npiopurery taitmepa 0. Ilpamuroe ananoriyuo IP.3

PX0 1P.0 Ipiopurer 30BHimHEBOr0 nepepusanus 0. [Ipaitoe ananoriubo 1P.2

5.2 BUKOHAaHHS MANPOrpamMu nepepuBaHHs

Cucrema mnepepuBanb (opmye amapatauii BumK (LCALL)
BIIMOBIAHOI TiAmporpaMu OOCITYroByBaHHS, AKIIO BOHA HE 3a0JIOKOBaHa
OJHHMM 3 HACTYITHUX YMOB:

% B JaHUIl MOMEHT OOCIIyTOBYE€THCS 3allUT IEPEPUBAHHS PIBHOTO

ab0 BHCOKOTO PiBHS MIPIOPHUTETY;

% MOTOYHHUI MAIIMHHHUKA UK — HE OCTAHHIN B IUKJII BUKOHYBAHOI

KOMaH/IH;

% BuKoHyeTbcs komanaa RETI abo Oyzap-ska koMaHaa, OB'sA3aHa 3

ob6irom no perictpis IE a6o IP.

Binznaunmo, 1o K0 Tpanop nepepuBaHHs OyB BCTAHOBIICHUH, ajie
[0 OJTHOMY i3 3a3HAYCHHWX BHUIIE YMOB HE OTpUMaB OOCIYrOBYBaHHS i IO
MOMEHTY 3aKiH4YeHHS OJOKYBaHHS BXE CKHHYTHH, TO 3alUT TEpEPUBAHHS
BTPAYa€ETHCS 1 HiJle HE 3amam'sITOBY€ThCA.

3a amapatHo copmoBanomy koay LCALL cucrema nepepuBaHHS
MOMIIAa€ B CTeK TiMbKH BMicT siumibHuKa komann (PC) i 3aBaHTaxye B
HBOTO ajJpeca BEKTOpa BIAMOBIMHOI MifmporpamMu OOCIyroByBaHHs. 3a
a/Ipecor0 BEKTOpa IOBMHHA OYTH pO3TallloBaHa KoMaHIa Oe3yMOBHOT
nepenadi  kepyBaHHs (JMP) mo mowaTKoBOTO anpecoro Mmiamporpamu
o0cyroByBaHHSI TIEpepUBaHHA. Y pa3l HEOOXiMHOCTI BOHA TIOBHHHA
nounHatHcs KomaHaamu 3amucy B crek (PUSH) cmoBa crany mporpamu
(PSW), akymymsiTopa, po3muproBada, MOKaKYMKA JaHUAX 1 T.J. i MOBUHHA
3aKiHIyBaTHCSI KOMaHAaMH BigHOBIIEHHS 31 cTeka (POP).

[ignporpamu 00CITyroByBaHHS nepepuBaHHA MOBHHHI
3aBepmryBatics komaumor RETI, mo skiii B MYWIBHHK KOMaHJ
Iepe3aBaHTaXY€EThCS 3 CTeKa 30epekeHui apecy TOBEPHEHHS B OCHOBHY
nporpamy. Komanma RET Takox moBepTae ympaBIiHHSA IepepBaHOi
OCHOBHIH mporpami, ajie npu UbOMY HE 3HIMYTh OJOKYBaHHS I€pEepHUBaHb,
0 TPUBOIUTH 10 HEOOXITHOCTI MaTH MPOTpaMHHA MeXaHi3M aHaji3y
3aKiHYEHHS MPOIEeTypH 0OCITyTOBYBaHHS JAHOTO TIEPEPUBaHHSI.
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5.3 [lepepuBanus

Ilinmporpama oOpoOKHM TepepHBaHHS IOBHHHA 30€perTH B CTeIll
BMICT THX PETICTPIB, 5IKi OyAyTh B Hili BUKOPUCTaHI, a epe]] IOBEPHEHHAM
B IIepepBaHy NporpaMy MOBHHHA BIJHOBUTH iX 3HaueHHs. [ligmporpama
06pobkm 3oBHimHLOro mepepuBanHs piBas 0 (SUBINO) wmoxe,
HAIMPUKJIIAJ], MAaTH HACTYITHY CTPYKTYpY:

ORG ;3alaHMe agpeca BeKTOpa IIpephBaHUA
SJMP SUBINO ;Iepexol Ha IoAnporpaMMmy o0paboTkM
ORG
SUBINO:
PUSH ACC ; COXpaHeHMre aKKyMyJisaTopa
PUSH PSW ; COXpaHeHue B cTeke PSW
PUSH B ; COXpaHeHue B
PUSH DPL ;coxpaHeHue DPTR m , BO3MOXHO ,
PUSH DPH ; IPYTHUX PEeTrnCTPOB
MOV PSW, # ; BEIDOP permcTpoB OaHka 1
.o ;coOCTBEHHO 0OOpaboTKa NpepEBaHMA
POP DPH ;BoccTaHoOBJIeHue DPH
POP DPL ;BOCCTaHoBJIeHue DPL
POP B ; BOCCTaAHORJIEHME B
POP PSW ; BOCCTaHOBJIeHMe PSW
POP ACC ;BOCCTaHOBJNeHue ACC
RETI ; BO3BpPAT
END

3BepHITh yBary, 1o 00pOOHUK 3aKiHYYETHCS KOMaHJIO0 TTOBEPHEHHS
3 mignporpamu RETI, a mepexim Ha HBOrO BifIOyBa€ThCSA MO KOMAaHI
6esymoBHoro nepexoxy SJIMP. Crnpasa B ToMy, 10 cucTeMa NepepruBaHb
dopmye Bukiauk LCALL anapatsro [3].

3 MeTOI HAIATOJKCHHS MporpaMy HEOOXiJHO JIONOBHUTH
HACTYITHUMH KOMaHJIaMU:

ORG
SJMP START
ORG ;6e3 crenyoummMx KOMAaHII MOXHO ODOMTUCH,
ecyiM yCTaHOBUTH
;3TU OWTH HENOCPEICTBEHHO B OKHe Main

Registers

START: SETB ITO ;Tun npepeiBanusa 0 — «Io cpesy»
SETB EXO ;paspeleHre BHeMmHeTO npepeBaHua 0
SETB EA ; CHATYE OJIOKMPOBKM IIPEPHIBaHUN

START1: NOP
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5.4. BUCHOBOK KepyIO4HX CHTHAJIIB

@®opMyBaHHSl CTATUYHHMX CUTHAJIB

s ynpaBiiHHA BUKOHAaBYMM TPUCTPOEM, IO TMPAIOE 34
MPUHIIAIIOM YBIMKHEHHS / Ha BIANOBIAHIA BHUXIIHUH JiHIl TMOPTY
HeoOXimHo chopMmyBatH cratnyHui curHanm 1 abo 0, mo peami3yeTbes
KOMaHIaMH YCTaHOBKH, CKHIaHHs abo inBepcii 6ita mopty (OUT) [1].

VY pasi napajieiabHOTrO yHpaBJIiHHS TPYINOK aBTOHOMHUX BUKOHABUUX
MIPUCTPOIB, MiJKIOYCHUX A0 MOPTY, POPMYETHCS HE ABIHMKOBE KEPYIOUHIA
BIUIMB, & KEpPylo4Ye CJIOBO, KOXXHOMY 3 PpO3pPSAiB SKOTO CTaBUTHCS Y
BimnoBimHicTh 1 a0o O B 3a/eXHOCTI Bijl TOTrO, SIKIi BUKOHABYi MPUCTPOT
MOBHHHI OyTH BKJIIOYEHI, a SKi BUMKHEHI.

Kepytoudi cioBa 3pyuHo ¢opMyBaTH KOMaHAAMHM JIOTIYHHX OTIeparlii
uaj BMicToM mopty [1]. Komanmoro XRL 3xificHioeThes iHBEpCist THX OiTiB,
ski B Macmi 3amani ogmnuiero. Komanma ORL BukopucToByeThcs amns
yctaHoBKHM 0OiTiB cioBa. Komanma ANL BHKOPHUCTOBYETHCS ISl CKUITAHHS
OiTIB.

OuT: MOV P1,# ;BEIBON Oamra B noptT Pl

SETB P1. ;YCTaHOBKA HYJIEBOTO paspdna
CLR P1.3 ;cbpoc 3-T0 paszpazna

CLR P1.4 ;cbpoc 4-T0 paspsana

CLR P1.5 ;cbpoc 5-ro paspsana

CLR Pl.6 ;cbpoc 6-T0 paspsana

CLR P1.7 ;cbpoc 7-ro paspsana

XRL P1, # ;UHBepcuda paspsanos 4 — 7
ORL P1, # ; YCTaHOBKa TpeThbero paspAana
ANL P1, # ;cOpocC HyJIeBOT'O paspdna

s dbopMyBaHHS CKIAIHUX TOCIITOBHOCTCH YIPABISIOYHX CIIiB
3a3BHYail BUKOPUCTOBYIOTh TaONWYHUN CTOCIO, TIPH SIKOMY BCi MOJKJIHWBI
CJIOBA YIIaKOBaHI B TaONHWINtO, a TPUKIIAJHA TpOoTrpaMa OOYHUCIIIOE aJpecy
oTpiOHE CI0BO, BUOMpAE Horo 3 TaOIUII 1 TIepenae B OPT.

@®opMyBaHHs iIMITYJILCHUX CUTHAJIIB

IMmynbe. Mloro MoHA OTPHMATH TIOCIHIZOBHOI BHAUEI0 CHUIHAIIB,
BKIovaroun 1 Bigkmovaroun (PULS, 3 mOpoMiKHUM — BHKIHKOM
HiAIpOrpaMHu TUMYACOBOI 3aTPUMKH

PULS: ;Bunmaua imMnysnbcy B JiHin 3 nopty 1
ON: SETB P1.3 ; BKJIOUEHHS
CALL DELAY ; TuMuacoBa 3aTpMMKa
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OFF: CLR P1.3 ; BlOkJIIOUeHHS

TpuBamicTh IMITyIbCYy BHM3HAYAETHCA YACOBOIO 3aTPUMKOIO, fKa
peanizyetbes mianporpamoro DELAY.

lenepaniss meanapy. B npoMy BumagKky MOXHA CKOPUCTATHUCS
T IITPOTPaMOI0 3aTPUMKH, sIKa JOPIBHIOE ITOJIOBHHI MTEPioTy CUTHATY

MEANDR: CPL P1.3
CALL DELAY
SJMP MEANDR

Heckinuennwii nmepionnuuuii curaan gopMyeTbes B JTiHii 3 mopTy 1.
Ha igmumx miHisIX CUTHAIN 3aJIMIIAI0THECS HE3MIHHUMU.

®dopMyBaHHS alEpHOANYECKUX KEPYIOUMX cUTHaliB. [locmigoBHICTH
IMIYJTBCHUX CHUTHAJIB 3 JOBUIRHOIO TPUBAJICTIO Ta CKBAXXHOCTHIO MOXKE
OyTH oOTpuMaHa aHAJOTIYHUM YHHOM, TOOTO TIUIAXOM dYepryBaHHS
npoueayp Buiadi 3HadeHHs 0 abo 1 i BUKJIMKY HiANPOrpaM THMYacOBUX
3aTPUMOK 3aJIaHUX TPUBAJIOCTEH.

5.5 3aBnaHus A9 NPpaKTHYHOI podoTH

BinnoBicTi Ha HACTYTHI TUTAHHSL:

1. Tepepaxyiite 1 oxapakTepu3yiTe THIM IEpepuBaHb. SIK 3MiHUTH
MIPIOPHUTETH TIEPEPUBAHb?

2. Sk 3ajpaTh BEKTOp NepepHBaHHsI B IPOrpaMi Ha MOBI acemOiepa?

3. Homy B mpuxiaai SUBINO mnepexiz Ha 0OpoOHMK mepepHBaHHS
3MIHCHIOEThCS 3a KoMaHaoro SIMP, a ne CALL?

4. SIx CTiBBITHOCHUTECS TTOPSIOK 30€PEKCHHS BMICTY PETICTPIB B CTEKY 3
TIOPSIKOM BiTHOBJICHHSI 31 CTEKa B MiANPOrpami 00poOKH repepruBaHHs?

5. Yomy migmporpama oOpoOKy TiepeprBaHHS 3aBEPIIYETHCS] KOMaHIIOK0
RETI, a ne RET?

6. TlosicHiTh mpUHIMI TeHepalil CTATUYHMX, MEPIONMYHUX 1
arneproIMYeCKUX CUTHAMIB.

7. Slke wac peakiii MIKpOKOHTpollepa Ha TIOHIIO TIPH TPOTPaMHIN
peastizartii mporeypy 04iKyBaHHsI i 32 TIEpEPHUBAHHIM?
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Tabmums 5.3 — 3aBaaHHs IS MPAKTHYHOT poOOTH

Bapuant 3aBmaHHs 10 POOOTH

1. Harmcatu migaporpamy oOpoOKH repepuBaHHs, mo Oyae
MpaIIoBaTH 3 BKa3aHUMHU PEricTpaMu, BKa3aHOTO OaHKY
pericTpiB
2. Harmicaru miamporpamy, mo Oy 1€ IPOBOMTH BUBL
THKPEMEHTOBAHOTO 3HAYEHHS aKyMYJISITOpa y BaKa3zaHHUH MOPT i3
BKa3aHOO 3aTPHMKOIO
3. Harmmcatu migmporpamy, st TeHepartii Meanapy odoma
MPUBEJICHUMH BHIIIE CIIOCO0AMH, i3 BKAII[AHUM IIEPi0JIOM
1. ACC, B, R0, R1, R4, R5, R6, R7, DPI, DPH, 6auk mam’sti
0

1 2. Busoautu B opt 0 3nauenns NN, 1, ... 120, i3 inTepBaioMm
10mc
3. Iin 3 mopr 3 i3 nepiogom 25 mMc
1. ACC, B, RO, R2, R3R5, R6, R7, DPI, DPH, 6ank mam’sti
1

2 2. Busoguru B opt 1 3nauenns NN, 1, ... 127, i3 inrepBajiom
11mc
3. ITin 1 mopr 2 i3 mepiojiom 26 Mc
1. ACC, B, R2, R3, R4, R5, R6, R7, DPI, DPH, 6auk mam’sri
2

3 2. Busoguty B opt 2 3HauenHs NN, 1, ... 118, i3 inTepBamiom
13mc
3. Tin 5 mopr 2 i3 nepiojiom 24 Mc
1. RO, R1, R2, R3, R4, R5, R6, R7, DPI, DPH, 6ank mam’srti
3

4 2. Busogutu B opt 3 3nauenns NN, 1, ... 108, i3 intepBaiom
17mc
3. Iin 2 mopr 1 i3 nepiogom 27 Mc
1. ACC, B, R0, R1, R2, R3, R4, R5, R6, R7, 6ank mam’sti 0

5 2. Busogutu B opt 0 3nauenns NN, 1, ... 150, i3 inTepBaiom

™c
3. Iin 0 mopr 2 i3 nepiogom 23 Mc




82

Bapuant

3aBmaHHs1 10 poOOTH

1. ACC, B, R0, R2, R3, R4R6, R7, DPI, DPH, 6auk mam’sri
1

2. Busoguru B opt 1 3nauenns NN, 1, ... 180, i3 intepBasiom
15mc

3. ITir 2 mopr 0 i3 epiogoM 28 Mc

1. ACC, B, R0, R1, R2, R3, R4, R5, DPI, DPH, 6ank nam’sri
2

2. BuBogutn B mopt 2 3naveHdas NN, 1, ... 184, i3 inTepBamom
18mc

3. Tin 2 mopr 1 i3 nepiojiom 22 Mc

1. ACC, B, R0, R1, R2, R4, R5, R7, DPI, DPH, 6ank mam’sTi
3

2. Busoautu B opt 3 3nauenns NN, 1, ... 169, i3 intepsaiom
19mc

3. ITir 6 mopt 3 i3 mepiomom 29 Mc

1. ACC, B, R0, R1, R2, R4, R5, R6, DPI, DPH, 6ank mam’sri
3

2. Busogutu B opt 0 3Hauenns NN, 1, ... 134, i3 inrepBaiom
23mc

3. ITin 5 mopr 0 i3 mepiogom 21 mc

10

1. ACC, R1, R2, R3, R4, R5, R6, R7, DPI, DPH, 6anx
mam’sTi 2

2. Busoguty B opt 1 3rauenns NN, 1, ... 115, i3 inTepBanom
37mc

3. Iin 6 mopr 1 i3 nepiogom 31 mc

11

1. ACC, RO, R1, R2, R4, R5, R6, R7, DPI, DPH, 6aunx
maMm’sTi 1

2. Busojutu B opt 2 3Hauenns NN, 1, ... 185, i3 intepsaiiom
45mc

3. Iin 7 mopr 2 i3 nepiogom 18 mMc

12

1. ACC, B, R0, R2, R3, R4, R5, R7, DPI, DPH, 6ank mam’sri
0

2. Busogurn B opt 3 3Hauenns NN, 1, ... 165, i3 inrepBanom
60Mmc

3. ITin 0 mopr 3 i3 nepiogom 35 mMc
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Bapuant

3aBmaHHs1 10 poOOTH

13

1. ACC, B, R0, R1, R4, R5, R6, R7, DPI, DPH, 6ank nam’sri
3

2. Busoguru B opt 0 3Hauenns NN, 1, ... 142, i3 inTepBasiom
47mc

3. ITin 1 mopr 0 i3 epiogom 47 Mc

14

1. ACC, B, R1, R2, R3, R4, R5, R7, DPI, DPH, 6ank nam’sri
2

2. BuBogutn B mopt 1 3navenss NN, 1, ... 157, i3 inTepBamom
35mc

3. Tin 2 mopr 1 i3 nepiogom 38 Mc

15

1. ACC, RO, R1, R2, R4, R5, R6, R7, DPI, DPH, 6aux
mam’sTi 0

2. Busoautu B opt 2 3nauenns NN, 1, ... 186, i3 intepsaiom
38mc

3. ITin 3 mopr 2 i3 epiogoM 28 mMc

16

1. ACC, B, R0, R1, R2, R4, R5, R6, DPI, DPH, 6ank mam’sri
1

2. Busoguru B opt 3 3Hauenns NN, 1, ... 153, i3 inrepBaniom
48mc

3. ITin 3 mopr 3 i3 nepiojiom 36 Mc

*NN —

HOMEp BapiaHTa 3a CIIUCKOM
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6. Hl:AKTI/I‘—IHAUPOBOTA Ne6
«I[MOCJITOBHUU IHTEP®EUC MIKPOKOHTPOJIEPA
8051»

6.1 PericTp kepyBanHs/cTatycy npuiimaua SCON

UYepes yniBepcanbHuil acuuxponnud npuiiMada UART (Universal
Asynchronous Receiver-Transmitter) 3miiiCHIOIOTECS NPHITOM i Iepemayda
iH(popMarii, mpeacTaBICHOI MOCTIIOBHUM KOJOM (MOJOIIIMMH OiTamMu
BIIEpEX), B MOBHOMY IYIUIEKCHOMY pexuMi oOMiHy. [lo cknany mpuiiMaua,
3BaHOTO YacTO IMOCTIOBHUM IIOPTOM BXOAATh HpuilMarouui 1
MepenaBalbHAN 3CYBAaIOTHCA PETICTPH, a TAKOXK CHEIiadpHuil OydepHmit
perictp (SBUF) npuiimaya. Kpim Toro, po6oTOI0 MOCHiZOBHOTO MOPTY
YIOpPaBISIOTH JBa CIYKOOBUX PETICTPH:

* Perictp xepyBanus / crarycy npuitmada SCON;

* bir SMOD pericrpa kepyBanns notyxHicTio PCON. 3anuc 6aiita B
Oy¢ep NpU3BOANTH 10 aBTOMaTHYHOI Nepenucy Oaiita B 3CyBHHU pericTp
repegaBava i iHINIIOE MMOYaTOK mepemadi Oaiita. HasBHicTh OydepHOro
perictpa mpuiiMaya I03BOJIIE TIOEAHYBAaTH OMEpallil0o YUTAHHSA paHile
npuiiHsATOro ©OaiiTa 3 NPUIOMOM 4YEpProBOro. Ajse SKIO OO MOMEHTY
3aKiHYeHHs mpuiioMy Oaifta monepenHiii He OyB nivenuit 3 SBUF, To BiH
OyJte BTpadeHo.

[MocmigoBuuit mopt 8051 Moke mpalioBaTd B YOTUPHOX PI3HUX
pexuMax.

* Pexxum 0. [Hpopmartist Ta mepegaeThes, i MPUMMAETHCS Yepe3 BUBIA
Bxoay npuiimada (RXi TXi). [Ipuiimarorscs abo mepenaetses 8 OIT HaHUX.
Yepes BucHOBOK Buxoay nepenaBada (TXD; BUmaloThCS IMITyJIBCH 3CYBY,
SIKi CYTTPOBOJIKYIOTh KOKEH OiT.

Yactora mepemaui Oita imdopmarii mopiBHtoe 1/12 wactoTn
KBapIIOBOT'O PE30HATOPA

* Pexxum 1. ¥V mpomy pexumi nepenaroThest yepe3 BuBig TXD abo
npuitmatotbes gepe3 RXD 10 6it indopwmartii: crapt-6iT (0), 8 OiT manux i
cron-6it (1) mpu npuiiomi inpopmanii B 6it RB8 perictpa ynpasninus /
crarycy npuiiMada SCON 3aHOcsThCs cTon-0iT LIBuakicTe mpuitomy /
repeadi - BeIMYMHA 3MiHHA 1 33/1a€ThCS TAHMEPOM.

* Pexum 2. Y mpoMy pexumi depes BuBix TXD mepemarorbest abo
yepe3 RXD mpwuiimatotees 11 6it iHopmanii: ctapT-6iT, 8 OiT HaHumx,
IporpaMoBaHuil AeB'siThii OIT 1 crom-6iT. [Ipu mepenadyi nes'stuit OiT JaHUX
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Moke mpuiimMatu 3HaueHHA 0 abo 1 abo, HanpukiIan, A MiOBUILCHHS
JIOCTOBIPHOCTI Tepeavi MIITXOM KOHTPOJIO IO MapHOCTI B HHOTO MOXKE
OyTH BMIIIEHO 3HAYCHHS O3HAKM MAPUTETY 31 CJIOBa CTaHy NpOTrpaMu
(PSW.0). [Tpu npuitomi nes'stuii OiT ganux mictutbes B 0iT RB8 SCON, a
40 crom-06iT, Ha BiAMIHY Bim pexkumy 1, BTpadaeThcs. Yacrora mpuiiomy /
nepegadi BUOMpaeThCs MPOrpaMoro 1 Mo)Ke aopiBHIOBatH abo 1/32, abo
1/64 qacToTH pe3oHaTopa B 3aJIKHOCTI BiJ Kepyrouoro 6ita SMOD.

* Pexxum 3. 30iraerbcst 3 pesxuMoM 2 y BCIX AETalsiX, 32 BUHSATKOM
4acTOTH NpuioMy / mepenadi, Slka € BENWYMHOIO 3MIHHOIO 1 3a1a€THCA
TaliMEPOM.

VY Bcix BuUNagkax nepenadya MHULHAIU3UPYETCS 1HCTPYKLIEIO, B SIKii
maui mepemimaroteess B SBUF. IlpwifoM WHHIHMATHU3HPYETCS TIPH
BHsABIIEHHI nepenany 3 1 B 0 Ha BXo/i mpuiimaya.

[Ipu npomy B pexumi 0 el mepexi MOBHHEH CYNPOBOKYBATUCS
BukoHaHHAIM yMOB R1 = 0 i REN = 1 (guB. Tab6m. 5.1), a misg iHmmx
pexnmiB - REN = 1.

Perictp kepyBanns/crarycy npuiimada SCON

VYhpaBmiHHS PEeXUMOM pOOOTH mpuiiMaya 3OiIHCHIOETbCA 4epes
crierianpHui perictp 3 cuMBoaiganM iM'ssM SCON. Lleit peectp MiCTUTD HE
TINBKM Kepyrodi OiTH, IO BU3HAYAIOTH PEXKUM POOOTH TOCIHiZOBHOTO
MOPTY, ane i xe'sTuil OiT npuiiHaTHX abo nmepenanux nanux (RB8 i TBS) i
Oitu nepepuBanHs npuitmaya (R11T1).

OyHKITIOHATBHE TPH3HAYCHHS OIT pericTpa KepyBaHHS / CTaTycy
UART naBoguthes B Tabmummi 9 [1].

IlpuknagHa mnporpama UHUISXOM 3aBaHT@XEHHS B crapui  OiTH
perictpa SCON nByX0iTHOTO KOy BH3HA4Ya€ PEXUM POOOTH mpHiimMada. Y
BCIX YOTHUPHOX PEKUMax PoOOTH mepeada MHHLHUAINZUPYETCs OYIb-SIKOI0
KOMaHJ010, B sKkiii Oydepuuit perictp SBUF 3a3Hauenuii sik ojep:kyBau
Oaiita. SIk yxe 3a3Haydanocs, npuiioM B pexkuMi 0 3iHCHIOETHCS 32 YMOBH,
mo R1=01REN = 1, B iHmux pexumax - 3a ymoBH, mo REN = 1.

VY 6ure TB8 mporpaMHO BCTaHOBIIOETHCS 3HAYEHHS AEB'ATOro OiTa
IaHuX, KUl Oynme mepemanuit 8 pexumi 2 abo 3. Y 6iti RB8 B mux
pexunmax (IKCYeThCS NEB'SITHH NMPUIAHATHH OIT maHuX. Y pexkmmi 1 y OiT
RB8 3anocurscs cromn-0it. ¥ pexxumi 0 6it RB8 He BUKOpUCTOBY€ETHCS.

[Ipamop mepepuBanHs mnepenaBaua Tl yCTaHOBIIOETHCS amapaTHO
HaINpUKIHI Tepioxy mepemadi crom-0iTa y BCiX pekmmax. Bimmoimaa
miAnporpama o0CIyroByBaHHs IIepepHBaHHs MOBHHHA ckuatu Oit TL.
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IIpanop mepepuBanus npuiiMaya RI BCTaHOBIIOETHCS amapaTHO B
KiHIIl Tepioxy mpuiloMmy BochMoro Oita gaHux B pekmmi 0 1 B cepemuHi
nepiony mpuiiomy crom-Oita B pexumax 1, 2 i 3. Iliamporpama
00CITyroByBaHHs IIepepUBaHHs MOBUHHA ckuaaTth Oit RI.

Tabmuus 6.1 — OyHkmioHanbHE NPH3HAYCHHS OIT  pericTpy
KepyBaHsi/cTaTycy npuiiomonepenasaqa SCON
CuMBOII TTo3uuis IM’st Ta mpu3HAYCHHS

biti xepyBaHHS pexMMOM pOOOTH IpHifoMoIIepeiaBaya.
BcTaHOBIIOIOTCS Ta CKHAAIOThCS allapaTHO
SMO | SM1 | Pexum poboru npuiioMoneperaBada

0 0 Perictp 3cyBy BBOAY/BUBOAY
SMO0 SCON.7 0 1 8-0iTHMil mpuitomMonepeaaBay, 3MiHIOBaHa
SM1 SCON.6 LIBUJIKICTh Hepeaadi

1 0 9-0iTHHII mpuiioMonepeaaBady, pikcoBana

LIBUJKICTh Hepeaadi

9-6iTHMI mpuifoMornepeaBay, 3MiHIOBaHA
LIBHIKICT mepeaadi

bit kepyBaHHs pexxuMoM npuiioMonepenasada. BecraHoBmoeTbCs
SM2 SCON.5 HPOrPaMHO 111 3a00POHU PUHOMY TTOBIIOMIICHHS, B IKOMY
neB’siTui OiT Mae 3HaueHHs 0

bit no3Boiy npuitoMy. BcTaHOBITIOETECA/CKHIAETECS MPOTPAMHO JUIS
J103BOJTY/3a00pOHH IPUHOMY TOCIIIOBHUX JAHHHUX

Tlepenaua GitTy 8. BcTaHOBIIOETHCSA/CKHIAETHCS TPOTPAMHO JIJISk
TB8 SCON.3 3a7aHHsI 1B’ ATOro OiTy, IO MepeaacThes, y pexumi 9 6iToBoro
nepeaaBaya

IIpumitmanHs GiTy 8. BCTaHOBIIOETHCSA/CKUAAETHCS IPOTPAMHO JIISL
RB8 SCON.2 ¢ikcarii jeB’sToro 6iTy, 1o NpUiMaeThes, y pexumi 9 6iToBoro
npuiimMaua

ITpanop nepepuBanHs nepeaBada. BcTaHOBIIIOETCS anmapaTHO IIpU
TI SCON.1 3aKiH4eHHI nepenadi 6aiity. CKHIAa€ThCS IPOrPaMHO ITiCIs
00CIIyroByBaHHS [IEPEPHUBAHHSL.

Ipanop nepepuBanHs npuiiMada. BcTaHOBITIOETBCS anapaTHO IpH
RI SCON.0 3aKiHYeHHI npuitomy 6aiiTy. CKUIA€ThCs IPOrPaMHO Micst
00CIIyroByBaHHS [IEPEPHUBAHHSL.

1 1

REN SCON.4

6.2 Po6oTra UART B My bTiKOHTPOJIJIEPHUX CHCTEMAaX

Y CHUCTEMax JIETICHTPaIIi30BaHOTO yIpaBIiHHS, K1
BUKOPHUCTOBYIOTHCS JUISI YIPaBIIHHSA 1 pETyJIOBaHHA B TOMOJOTIYHO
po3monineHux 00'ekTaX, BHHUKAE 3agada OOMiHY iH(poOpMaLiero MiX
0e3My4r0 MIKPOKOHTPOIEPiB, 00'€THAHWX B JIOKATHHY OOYHCIIOBAIHHO-
Kepyrody Mepexy. SIKk mpaBmiIo, JOKabHI Mepexi Ha ocHOBI Intel 8051
MalOTh MariCTpallbHy apXiTeKTypy 3 PpO3AUISIOTECS MOHOKaHAJIOM
(koakcianpHUi Kabenb, BHUTA IMapa, ONTHYHE BOJIOKHO), IO SKOMY
3MIUCHIOETHCS OOMIH iH(QOPMAITIEIO MiXK KOHTPOJIEpaMH.
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Y perictpi cnemianesHuX ¢QyHKIiH# SCON MiKpOKOHTpoiepa €
kepytounii 6ir SM2, sxuit B pexxmmax 2 i 3 UART go3Boise miomo
OpOCTUMH  3aco0aMu  peali3yBaTH  MEXKOHTPOJUIEPHUH  OOMiH
iHpOpMALI€IO B TOKAUIBHUX KEPYIOUUX MEpPEKax.

MexaHisM 00MiHY MOOyIOBaHWUN Ha TOMY, IO B pekuMax 2 i 3
MIPOrpaMOBaHMM JeB'ITHI OIT JaHWX MpH mpuiioMi ikcyeTses B Onte RBS.
UART wmoxe OyT 3anporpaMOBaHUil TaKMM YWHOM, IIO MPH OTPUMAaHHI
cTon-0iTa mepepuBaHHs Bix mpuiitMaya Oyne MOXIMBO TiNbKH 32 YMOBHU
RB8 = 1. Ile BUKOHY€ETbCS YCTaHOBKOIO Kepyrodoro 6ita SM2 B perictpi
SCON.

[losicHuMO mponec MEKXKOHTPOJIEPHOrO OOMiHYy iH(opMaliero Ha
npukiazni. Hexait Begygomy MK moTpiOHO mepenat OJIOK JaHUX IEIKOTO
(abo nmeximpkom) Bimomomy MK.

Benyunii MK BciM BimoMuM Tiepefae IIMPOKOBEMIATEIHHOE
TIOBIIOMJICHHS 3 OaWTOM-iAeHTH(IKaTOpoM abOHEHTa, sSKE BiIPi3HIETHCS
Bif OaliTiB JaHWX TIMBKH THUM, IO B MOTO JEB'ATOMY OWUTE MICTHUTHCS 1.
[Iporpama peamizamii NPOTOKONY MepekeBOro oOMiHy iH(opMaIie
NnoBUHHAa OyTH MOOymOBaHa TaKMM YHMHOM, LI00 NpU OTpUMaHHI OaiiTa-
ineaTudikaropa (RB8 = 1) y Bcix Bizomux MK BinOymucs nepeprBaHHA
MOPUKIAIHUX MOporpaM 1 BHKIMK MIiANPOrpaMd MOpPIBHSHHS —OaliTa-
izenTHdikaTopa 3 KOZOM BIaCHOTO MepexeBoro aapecu. Anpecyerbes MK
ckugae cBii SM2 i roryerbes 10 mpuiioMy Onoky nanwx. Pemra Benei
MIKPOKOHTPOJIEPH 3aJHIIAIOTh HEe3MiHHUMHU cBoi SM2 = 1 i mepenaroTh
ynpaBiiHHs OCHOBHiM mporpami. [Ipu SM2 = 1 indopmaiiini Gaitu B
Mepexi, mepearoThcs o MoHOKaHay i Hagxoaste B UART Begennx MK,
TepepuBaHHs HEe BUKINKAIOTh, TOOTO IrHOPYIOTHCA.

Y pexumi 1 UART aBTOHOMHOrO MiKpoKOHTposiepa Oitr SM2
BHUKOPUCTOBYETBCA JUII KOHTPOJIO iCTHHHOCTI cTomn-Oita (mpu SM2 = 1
TepepuBaHHs HE BiOYIEThCA O TUX Iip, IMOKH He Oyne oTpumaHo 43
CIpaBXHE (OIWHUYHE) 3HAYCHHS CTOm-0ita). Y pexumi 0 6it SM2 He
BHUKOPHUCTOBYETHCSA 1 IOBUHEH OyTH CKUHYTHH.

IIBuakicTe mpHiioMy/Tiepenadi iHpopmarlii uepe3 mociioBHUN TOPT
IBUIKICTH TIPHHOMY/TIepenadi, TOOTO JacToTa poOOTH IpHiiMada B pi3HUX
peKMMax, BUSHAYAEThCS PI3HUMH criocodamu [1].

VY pexumi 0 yacToTa mepenadi 3ajeXUTh TUIBKH BiJ pE30HAHCHOT
YaCTOTH KBapIlOBOTO PE30HATOpa. 3a OJWMH MAIIMHHUNA IIUKJ ITOCIITOBHUH
nopT nepeaae oauH OiT iHGopmarrii.
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VY pexumax 1, 2 i 3 mBHIKICTH pHiioMy / Tiepenadi 3alle)KuTh Bij
3HadeHHS Kepyrodoro 6ita SMOD B perictpi ciemiansaux ¢Gyakmiin PCON
(tabmui 6.2).

Tabmus 6.2 — Perictp kepyBanHs notysxHictio PCON

Cuwmson | Tlozwmris IM’s Ta mpU3HAYCHHS

SMOD | PCON.7 | IToaBoena mBUIKICTh Hepenayi. SIKo OIT BCTAaHOBICHU
B |, TO MBHUAKICTH Mepenadi BABIUi OLIbIIa, HIX MIPH
SMOD=0. [pu ckuganai SMOD=0.
PCON.6 | He BUKOpHCTOBY€EThCS
PCON.5 | He BUKOpHCTOBY€EThCS
PCON.4 | He BUKOpUCTOBY€EThCS
GF1 PCON.3 | IIpamnopu, mo crienu¢ikyoThCcst KOpUCTyBadyeM (Iparopu
GFO PCON.2 | 3aranbpbHOro Npu3Ha4YeHHsI)

PD PCON.1 | bir 3umkenoi notyxHocri. [Ipu ycraHosni 6ity B 1
Mikpo-EBM nepexoauTh y peKiM 3HIKEHOT MOTYKHOCTI.
IDL PCON.O | Bit xomnoctoro xomy. SIkio 0iT BCTaHOBJIEHH# B 1, TO

Mikpo-EBM nepexoauTh y pesKiM X0JI0CTOTO XOy.

[pumitka. Ilpu omHowacHomy 3ammci 1 B PD i IDL Git PD mae
niepeBara. Ckunanas BMicty PCON BHKOHY€ETHCS IIITXOM 3aBaHTA)KCHHS B
HBOTO Koy 0XXX0000.

VY pexxumi 2 yactoTa niepeiavi BU3HAYAETHCS BUPA30M

f2:(28MOD/64) : fpe3

Iammmu cnoBamu, ipu SMOD = 0 gacTtorta nepenadi gopiaioe 1/64
vacroru pe3 f, a moi SMOD =1-1/32 gactoTH fyes.

VY pexumax 113y ¢popMyBaHHI YacTOTH nepeaadi, KpiM Kepyrdoro
6ita SMOD, Gepe ydacth Taiimep 1. Ilpm mpomy wacrora mepemaui f
3aJIeKUTh BiJl yactoTu nepenoBHeHHss OVLT 1 f BU3Ha4aeThCcs HACTYTHUM
YHUHOM:

f13=(25M°P/32) fevim

[lepepuBanns Big TaiiMepa | B LbOMY BHIAAKY Mae OyTH
3abokoBaHO. CaM ke TaiiMep MOXKe MPAIFOBaTH SIK B PeXHUMi TaltMepa, TaKk
i B pexxumi miunnpHEKA. HoMep pexumy (0, 1, 2) poii He rpae. Haitbimpm
TUIIOBE BHUKOPHCTAaHHS MOro B peXuMI TaliMepa 3 aBToIepe3arpyska
(crapma Terpama TMOD = 0010B). Ilpu unpomy wactoTa mnepenayi
BH3HAYAETHCS BUPA3OM:
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f1.5=(25MOD/32)( f,e5/12) *(256—(THL1))

VY Tabnumi 6.3 HABOAUTKCS ONMHUC CIIOCO0IB HACTPOIHKH Taiimepa 1 st
OTpPHMAaHHS THITOBHX YacToT nepeaadi nanux yepe3 UART. Tabun. 6.3.
Tabmuug 6.3 — HanamryBanHs TaiiMepa 1 U1 KepyBaHHS 4aCTOTOIO
000TH IpHiiOMoIIepeIaBaya

Yacrora Yacrora Taiimep/nmiymibHuK 1
npuitomy/mepenadi pesoHaropa Pexum IlepesaBanTaxys
(BAUD RATE) MIi SMOD | C/T | (\oDE) aHe YHCIO
Pexxum 0, makc: 1 MI'g 12 X X X X
Pexxum 2, makce: 375 kg 12 1 X X X
Pexum 1, 3: 62.2 kI’ 12 1 0 2 OFFH
Pexum 1, 3: 19.2 k'l 11.059 1 0 2 OFDH
Pexum 1, 3: 9.6 k'l 11.059 0 0 2 OFDH
Pexxum 1, 3: 4.8 k' 11.059 0 0 2 OFAH
Pexum 1, 3: 2.4 k' 11.059 0 0 2 OF4H
Pexxum 1, 3: 1.2 k' 11.059 0 0 2 OF4H
Pexum 1, 3: 1375 kI'n 11.059 0 0 2 1DH
Pexum 1, 3: 110 x['g 6 0 0 2 72H
Pexum 1, 3: 110 xI'g 12 0 0 1 OFEEBH

Bimznaunmo, 1m0 IMBUAKOCTI MHpUHOMY 1 mepenadi  MOXKYTb
BiJpi3HATHCA. [ paHMYHO HU3BKUX YaCTOT IpieMoriepeaadi MOXHa TO0CATTH
IIpH BUKOPHUCTAaHHI TaiimMepa B pexkuMi 1(16-OiTHmid Taiimep) 1 mo3Bomi
nepepuBaHb Bij Taiimepa (ctapmuii HamiBoait TMOD = 0001B).
nepezaBaHTaXeHHs1  16-OiTHOro TaiiMepa MOBMHHA  3[iMCHIOBATHCSA
[IPOTPAMHHUM HIISIXOM.

6.2.1 OcobauBocti pooorn UART B pizHuX pexumax

Pexxum 0. Ha puc. 13 nokazana cnpomiena ctpyktypHa cxema UART,
a Ha puc. 14 — TuMyacoBa jiarpama ioro pobGotu B pexumi 0. [lani
nepeaaloTses 1 mpuiiMaroThesl depe3 BHUCHOBOK RXD. Uepe3 BHCHOBOK
TXD BUIAIOThCA CUHXPOCUTHAIIU 3CYBY.

IMepenaya mounHaeThCs Oynb-AKOKW KOMaHIIOM, 1o sikiii B SBUF
HaAXOAWUTH OaliT JaHUX.

Y momeHT wacy S6P2 mpuctpiit ynpaBminas MCS51 mo curnamy
3ammuc B Oydep 3amncye 0aliT B 3CYBHHM PETICTp IepeaaBava, BCTAHOBIIOE
TpUrep HAeB'sToro Oita 1 3amyckae OJIOK yNpaBiiHHA IepeAayero, SKui
yepes 0IuH
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Pucynok 6.1 — Ctpykrypra cxema B UART pexumi 0

Mammuaaui UK BUpoOIsie no3Bosstrounii curHan [locmnka. Tlpwm
bOMY B MOMEHT SO6P2 KOXHOr0 MAIIMHHOTO IUKJIY BMICT pericTpa, 1o
3pYIIY€E 3CYBAEThCS BIPABO (MOJIOAMIUME OiTaMH BIIEpen) 1 HAIXOAUTh Ha
Buxim RXD. V 3BimpHSIOTBCS cTapini OiTh pericTpa, MO 3pYIIYE
mepenaBava 3amucyloThesl HyJi. Ilpm oTpuMaHHI Big JeTeKTopa HyIA
[lepenaBau mopo>xHii, OJNIOK YNpaBIiHHS IeperaBadyeM 3HIMae CHUTHal
nmocunka i BctaHoBiroe mparop TI DC T perextop Hyns ... 3CyBHHM
perictp IIEP & 8 3cyBumii perictp IIP 1 Ilocunka mpuiiom & & & RXD
TXD TB8 3anuc B bydep Buytpimns [llnna Yuranus 3 6ydepa 3pymieHHs
[IEP crapt S6 Cunxpon 3aBantaxkeHns bydepa [1EP nopoxniit nani [TEP
cuaxpoH CJIB nepepuBanns REN RI Crapt P3.0 P3.1 3pymenns [TP Ma.
13. Crpykrypna cxema UART B pexumi 0 Bydep npuiimansHo-niepeaBayda
VYupasninas [1P Ynopasniaas [IEP (Moment S1P1 necsaroro MaummHHOTO
LUKITY TCIISE CUTHATY, 3amuc B Oydep).
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[pwuitom mounHaeTbest 32 ymoBu REN =11 RI = 0. Y momenT S6P2
HaCcTyITHOTO MAITMHHOTO ITUKIy OJIOK YTpaBJiHHA HpuiMadeM ¢GopMye
JO3BOJISIIOYMH CHUTHAN TpUiioM, 3a skuM Ha Buxig TXD mepenarorbes
CHUHXPOCHUTHAIM 3CYBY 1 B 3pYLIYIOUMM pericTpi npuilMada MOYMHAIOTh
dbopmyBatHcs 3HaYeHHS OIT MaHWX, SIKI 3YUTYIOThCA 3 Bxomy RXD B
MOMeHTH S5P2 K0XHOTO MAamuHHOTO IUKITy. Y MoMeHT S1P1 mecstoro
MaIIMHHOTO IWKiIy Tichns curHamy 3anmuc B SCON Onok KepyBaHHS
npuiiMadeM Mepenucye BMICT perictpa, mo 3pyumye B Oydep, 3HiMae
JO3BOJISTIOYHI CUTHAJ PUIIOM 1 BCTaHOBIIOE Tparop RI.
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(3amnct 2 36P2
swep_ﬁ
Mocunka
o G m Il Il Il M Il m M
]
§< RXD (Hasme NEF) ] 8] Iz o} ™= o5 10} o7
= . S3F
TXD TCwhxp. Cosr]
s8P1
bl —

3annc: 8 SCON (cBpoc RI)

RO —
o | Mowem
2 —
2 cawr n M n n M n n M
e |E;(|) m g 03 % g |E;6| o7
‘EBHHHE )
A s noréaran__ LI L LI LI LI LI LI

S6P7

| XD (Cavp. Crar)
PucyHok 6.2 — Yacosa niarpama po6otu UART B pexunmi 0

Pexxum 1. Ha puc. 6.3 nokazana crpykrypHa cxema UART, a Ha puc.
16 — tumuacosi miarpamu pobotn UART mpu npwmifomi 1 iepenadi JaHUX.
Uepes BuBin TXD UART mnepenae, a 3 BoBogy RXD mpuiimae 10 6it:
crapt-0it (0), 8 6iT mammx i crom-Oit (1). Ilpm mnpuitomi crom-0iT
HagxoauTh B 6iT RB8 pericrpa SCON [1].

IMepenaua iHILIIOETHCS OYAb-IKOI KOMaHJOI, B SIKIH OJepKyBaueM
Oaiita € perictp SBUF. ['eHepyeThcs npu IbOMY KepyIOUMil cUTHan 3amuc
B Oydep 3aBanTaxye 1 B nes'stuii OiT 3pymryerbes S1S2S354S5S6 12 3 4
56789 10 ALE 3amuc B Bydep S6P2 Ilocunka 3pymenns RXD (dani
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[EP) TXD (Cunxpon. 3pymenss) Tl Ilpuiiom 3pymenns RXD TXD
(CuaxpoH. 3pyIIeHHs)

3amuc B SCON (ckumanns RI) RI S3P1 S6P1 DO D1 D2 D3 D4 D5
D6 D7 (Jani ITP) "InaBatoumii”" [Torenmian SSP2 DO D1 D2 D3 D4 D5 D6
D7 Man. 14. Tumuacosa miarpama pobootn UART B pexumi 0 mpuitom
repeaada pericTpa nepeaaBada, 3amyckae OJIOK YIIPaBIiHHS MEpeIadeio 1 B
MoMmeHT 4Yacy S1P1 ¢opmye nospomsrounii curnan Ilocunka. 3a 1um
CUTHAJIOM Ha BHCHOBOK TXD crmoyarky HaaXoIuTh CTApT-0iT, a MOTIM (3a
JTO3BOJISIIOYMM CHUTHAJIOM naHi) Oitu manux. Koxen mepion mepenadi Oita
JOpiBHIOE 16 TakTiB BHYTPIIIHBOTO JIIYMIILHUKA.

CHHEpOH ((Pa33 2 /2 Tese )

(Peim 2

r i &

3anuc & oypep

1 sMoD =1 ~

—

TRl

1 npasnisss NEP

ynpasnis NP

S
3
l —1&
P00 ‘
— zereimzs crpr
(rxo . cupon TP
| R -
» seeoopo Ina
L: SeyEsni pEricTp npHiMEsa (3 O b

wikz

YirEnes 3 Oydpena

Pucynok 6.3 — CtpykrypHna cxema UART B pexxumax 1,2 1 3

ITpuiioMm mouuHa€THCA NPHU BUSABJICHHI NIEPEXOay CUTHaAly Ha BXOAi
RXD 3i crany 1 B cran 0. Jist nporo miA ynpaBliHHSAM BHYTPIIIHBOTO
miunnpHEKa BXim RXD omutyerhes 16 pasiB 3a mepion nmomanHs Oita. Sk
Timpku mepexin 3 1 B 0 Ha BXxoai RXD BusBICHHI, B 3CYBHHU PETIiCTp
npuiiMada 3aBanTaxyerses kon 1| FFH, BHYTpimHii TIYMIEHUK O MOJIYITIO
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16 HeraliHO CKUIA€ThCSA 1 Tepe3amyCKaeThCsl NI BHUPIBHIOBAHHS HOTO
TIepEXOiB 3 MeXaMH TEPIOAIB YABICHHS NMPUHHATHX OIT. TakuMm guHOM,
KOXKEH IMepiof mojaaHHs Oita OinuThes Ha 16 mepioliB BHYTPIIIHBOTO
JiuwipHUKa. Y cranax 7, 8 1 9 miumIbHUKA B KOXKHOMY TNEpioAi ysBICHHS
0iTa IPOBOAMTHCS ONMUTYBaHHS cUTHaATY Ha BXoi RXD. Jliuenuit 3HaueHHSA
MIpUHHATOTO OiTa - 118 Te, fKe OyJI0 OTPUMAHO IOHAWMEHIIe 1Bidi 3 TPhOX
BUMIpiB (Ma>KOPUTapHY TOJOCYBaHHS 32 MPUHLIMIIOM "1Ba 3 TppoX"). Ko
3HAYeHHsS, NpUIHATE B MNEpPIIOMY TakTi, He JopiBHIOE 0, To OJIOK
YHpaBIiHHS IPUHOMOM 3HOBY MTOBEPTAETHCA 0 MONIyKy nepexoay 3 1 B 0.

¢ Cunxp MNEP
|'| 3anuce B Dydep
— S1P1
% I'Iocmrwf'l —
=
g’.)_'< [aHHble | |
S| e nnnnnnnnnn
Crapt-
XD\ ur /D0 Y D1 D2 X D2 X 04 X 05 X D6 X D7 Grontwr
\ TI I—
r  Curxp NP CBP cuéTtunka (moagynb 16)
|| 3anuck B Bydep
Crapt-
z) RO ur/ D0 DT X2 X D3 X D4 X D5 X D6 X D7y Crom-
2 out
& | Aereropour LALLM
SIS N | N N N N
RI —
\

Pucynok 6.4 — HYacosa giarpama podoru UART B pexkumi 1

Le#t mexanizm 3abesrnedye NpHIYNICHHS TOMHIKOBHX (301HHUX)
cTapT-0iT. [cTHHHMIA cTapT-0iT 3CyBa€ThCA B PETICTpi MpHiiMaya, i TPUBAE
npuitoM iHmUX OIT TOCWIKW. biok ympaBiiHHA TpuiioMoM chopmye
curHan 3aBaHTaxkeHHs1 Oydepa, BcraHoButh RB8 i mpamop RI Tinbku B
TOMY BHUIMAJKY, SKIIO B OCTAHHbOMY TakTi 3CYyBY BUKOHYIOTHCS IBi YMOBH:
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oitr RI = 0, i abo SM2 = 0, abo mpwuitHsaTHI cTONM-0IT AOpiBHIOE 1. SKII0
OJIHE 3 IIUX JIBOX YMOB HE BHKOHYETHLCS, TO MPHUIHATA MOCIHITOBHICTH OiT
BTpavyaeThcad. B mell uyac He3alie)kHO BiJ] TOTO, BUKOHYIOTHCS 3a3Ha4eHi
YMOBH 4H Hi, OJIOK yHpaBiliHHS OPUHOMOM 3HOBY HMOYHMHAE BiAIIYKYyBaTH
mepexin 3 1 B 0 Ha Bxomi RXD.

~  Cunxp MNEP
Jornnn nntmn nmn n M n T
|'| 3anuck B bydep
© - S1P1
& I'Ion:bml(al |
=
§ < [aHHble | |
c Choeur |-|_|-| |-| |-| |-| I-l |-| |-| |-|_|-|
Crapt-
TXD \ 6ur / DO X DT X D2 X D3 X D4 X D5 X D6 X D7 X TB8 Y Cron-but
Tl I
\ CTon-GMT-reHepaTopl |
~ Cunxp TP CBP cyétumka (Moayne 16)
|'| 3anuck B bydep
Crapt-
2/ RXD 6wt/ DO X} DT )02 X D3 X D4 X D5 X D6 X D7 XRB8YCron-
‘0 out
3 [eTekTop ouUT H"” HHH |'||'||'| "n” HH" |'||'||'| H"” ﬂ”"
(
Choeur |'| |'| |'| |'| |'| |'| |'| |'| |'| |'|
RI |

Pucynok 6.5 — Yacosa giarpama podori UART B pexxumax 2 ta 3

Pexxumu 2, 3. Uepes BucHoBok TXD UART mnepemae abo 3
BuBeneHHss RXD mpwmiimae 11 6it: crapr-6it (0), 8 O0ir xpaHuXx,
porpaMoBaHuii JeB'sTuii OiT 1 cton-0it (1). Ha Tumuacosiit niarpami (puc.
17) nmoka3zana podora UART npu nepenaudi i npuiiomi 1aHux B pexxumax 2 i
3. SIk BuaHO, pekuMu 2 1 3 BIAPIZHAETHCS Bill peKUMY | TiIBKH HASBHICTIO
JICB'ITOTO TpOTrpaMoBaHOro 0OiTa. BHACHIIIOK IBOr0 JEII0 3MIHIOKOTHCS
YMOBH 3aKiHUEHHS UKy PUiioMy: OJIOK KepyBaHHSA MpuiiMadeM chopMye
Kepyrounii cUTHaII 3aBaHTaXeHHs Oydepa, 3aBaHTakuTh RB8 1 BCTaHOBHUTH
nparop RI Tinbku B TOMY BHIAJKY, SKIIO B OCTAHHBOMY TaKTi 3CYBY
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BHKOHYIOThCSI 1B ymoBH: Oir RI = 0 i a6o SM2 = 0, ske 3HaYCHHS
MIPUAHATOTO AeB'sATOrO0 OiTa TaHwWX AopiBHIOE 1 [1].

6.3. PodoTa 3 mocIiioBHMM NOPTOM

[MocnimoBHUE TOPT MIKPOKOHTpPOJIEpa MOXE BHKOPUCTOBYBATHCS Yy
BUTJIS/II pericTpa 3CyBY AJs PO3LIMPEHHS BBEJCHHS / BUBOAY a00 B SKOCTI
UART 3 ¢ikcoBanorw a00 3MiHHOIO IIBHIKICTIO MOCIiZOBHOTO OOMIHY i
MOJKJIUBICTIO AyIUTeKCHOTO BKIfoueHHS [1]. Tob6To depe3 mopT MOXHA
nepeaaBaTH 1 IpUMaTH aHi ogHoYacHo. [TopT Moxke mpuiMaTu 4eproBuit
0aiiT HaBiTh B TOMY BHUIQJKY, SKIIO BXE MPUUHATUH A0 IbOoro OailT Hi
MIPOYUTAHUH 3 pericTpy npuiiMada. OHAK SKITO 0 3aKiHYCHHS MPUHOMY
3HAXOOUTHCS B perictpi npuitmava 6aiit HE Oyne npountanuit, npuitHATHI
OaliT BTpauaerbcs. IlporpamHuii mocTym 10 perictpiB mpuiimada i
repeaaBava 3MiHCHIOETECS 3BEpPHEHHSAM JI0 PETICTPY CITeiaabHUX (HYHKITIH
SBUF.

Hwkue HaBemeno mnpukian ¢parmenta muporpamu  (UART),
npuiiMarouoi 3 TOCHIIZOBHOIO MOPTY OalT 1 Biampasnse HOro Haszajg B
MOCJIIZIOBHUN IOPT, HANAIITOBAHUN Ha 8- OITHUH PEKUM 31 MIBHAKICTIO
nepenadi 2400 6o mpu TaKkTOBiK YacTOTI MikpokoHTposiepa 12 MIw.

UART: MOV SCON, # ; BCTAHOBJIEHHA pexumy 8-06irHoro UART
MOV TMOD, # ;BCT. PeXuMy aBTO3aBaHTaXeHHsA TalMepa 1
MOV TH1, # ;aBTOBaBaHTaXyBaHe 3HAUEHHS IJI OTPMMAaHHS
;uBunkocTi 2400 6oxnm Ha uyacTtoTi MK 12 MI'n
SETB TCON.6 ;myck TanMepa
; IPUMOM CHMMBOJIy [OPTa
CIN: JNB RI, CIN ;OoulkyBaHHSA BaBeplleHHs [IPUIOMY
MOV A, SBUF ;UMTAaHHA CUMBOJLY
CLR RI ;OUMCTKa Mpalopy IpuiomMy
;ByIAYa CMMBOJIY B IOCJI1HOBHUM [IOPT
COUT: JNB TI,COUT ;OUlKyBaHHSA BaBeplIeHHs Iepemadi
CLR TI ;OUMTCKa [panopy Hnepenaui
MOV SBUF, A ; Bumada CHUMBOJY
SJMP CIN ;

6.4 3aBaaHHs AJ151 NPAKTHYHOI pO0OTH
BinmoBicTr Ha HACTYTHI MUTaHHS:
1. OxapakTepu3ynTe pexKuMH pOOOTH TIOCTIAOBHOTO TTOPTY.
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2. st woro npuzHaueruit perictp SCON?

3. J1y1s 9010 BUKOPHCTOBYETHCS IEB'SITHH OIT?

4. SIk 3MiHUTH IIBHAKICTH NIEpeAadi JaHUX Yepes3 MOCIiIOBHUH TOpT?

5. Buznaute npusnaueHust UART.

6. Ha3BiTb OCHOBHI PETICTPH, IO BHKOPHUCTOBYIOTHCS TIOPTOM
UART.

7. Naiite ommc OitiB perictpa ynpasiinas UARTO (SCONO).

8. Ilpu3HaueHHs reHepaTopa WBUAKOCTI nepenayi nanux B UART

9. Ha3BiTh OCHOBHI apaMeTpH, 0 BU3HAYAIOTH HMIBHJIKICTh Nepeaadi
IaHux?

10. Haszgitb pexumu podotu UART i ix 0ocoOamuBocCTi.

3aBaaHHs:
Hamucatu mignporpamy ans iHimiamizamii IMOCIIJOBHOTO TIOPTY,
[IpUHOMY Ta Mepeaadi JaHHUX Ta [IePeIaTH B HbOTO CBOI'O BapiaHTYy.
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Honartok A
Hpukaax opopmiieHHSI TUTYJIbHOI CTOPIHKHU

MiHicTepcTBO OCBITH Ta HAyKH YKpaiHU
3amnopi3pKuil HalllOHATBHUN TEXHIYHUN YHIBEPCUTET

Kadenpa MiHE

3BIT
3 [IPAKTUYHOI POBOTH Ne_

(Tema poboTH)
3 gucumiiay , MITT*

Bukonas:
CTyzieHT Ip. PII-

(Imiiamy, [pizBumie)

IIpuiinss:
(mocana)

(Ininianwm, [Tpi3Bumie)

201 p.
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Jonatok b
Cucrema koMaHa MiKpOKOHTpoJiepa cimeiictBa 8051

Bb.1 3arajbHa XapaKkTepHCTHKA

Mikpo-EOM PO3IIISIHYTOTO cimeiicTBa € THUIIOBUMU
MiKpOMpPOIeCOPHUMH TpUcTposimu 3 apxiTekTypoto CISC - 31 cranmapTHUM
Habopom komann. Tomy ix cuctema KOMaHJ AOCHTH OOIIMPHA 1 BKIIOYAE B
cebe 111 ocHOBHMX KOMaHJ. IX JOBXMHA - O1MH, JBa abo TpH Oaiira,
npudoMy OinbiicTs 3 HUX (94%) - ogHO- abo nByxOaiiTHOE. Bei komanan
BHKOHYIOTHCSI 32 OJTUH 200 JiBa MAITMHHKUX UK (BiAMOBiIHO 1 ab0 2 MKC
MIpH TaKTOBiM yacToTi 12 MI'IT), BUHATOK - KOMaHIA MHOXKEHHS 1 TiJICHHS,
SIKi BUKOHYIOTHCS 32 YOTHPH MAIIMHHUX ITUKITY (4 MKC).

Mikpo-EOM  cimeiictea 8051  BUKOPHCTOBYIOTH  MpSMY,
Oe3nocepeHIo, HENPSIMY 1 HEsIBHY, apecalilo JaHuX.

Sk omepanmm xomaHa Mikpo-EOM cimeiictBa 8051 MOXyTh
BUKOPUCTOBYBAaTH OKpemi Oitu, dYerupexOiTHHX uudpu, OadTH i
nByxOaiiTHOE clloBa.

Bei mi pucm 3BuuaiiHi anms HaOopy komaHz Oyap-skoro CISC-
mportecopa i B mopiBasHHI 3 RISC Habopom komanp 3abe3nedye OinpIry
KOMITaKTHICTh ITPOTPaMHOTO KOAY 1 301IbILIEHHS MIBUAKOI1 P BUKOHAHH1
CKJIaJIHUX OIlepaLii.

Y Toit xe wdac, Habip komaHn cimeilictBa 8051 w™ae Kinbka
0co0NMMBOCTEH, TOB'A3aHUX 3 TUINOBUMH QYHKIISIMH BHKOHYBAaHHMH
MIKPOKOHTPOJIEPAMH - YIPaBIiHHIM, AJIsl SKOTO TUIIOBUM € ONEPYBaHHS 3
OTHOPO3PSITHOTO JBIMKOBUMHM CHTHAJaM{, BEJIUMKE 4YHCJIO oOIepauiil
BBEJICHHS BUBOJb 1 pO3ralykeHb nporpamu. HaiiGinem ictoTHa
0cOONMBICTh CUCTEMH KOMaHJ po3risiHyTuX Mikpo EOM e MoxiMBicTh
aapecarrii okpeMux OiT B pe3UIEHTHOI TaM'sITi JaHHX.

Kpim TOrO, sIK 3a3Hagamocs, MAESKi pericTpu OJIOKY pericTpiB
crnenianbHUX (QYHKIH TakoX JOMYCKaloTh ajpecalito okpemux 0it. Kaptu
aZpec OKpeMHuX OIT B PE3UACHTHOI MaM'sTi AaHWX 1 B OJOII pericTpiB
crierianbHuX (PyHKIIH mpencTasieni B Tabda. 112 Bigmosigso [1, 3, 5].

Tunn xomang

Beporo mikpo-EOM BukoHyIOTH 13 THIIB KOMaHA, BOHH HaBeleHI B
Tabymi. Ik BUTUIMBAE 3 HEl, Mepmid 0alT KOMaHIHW 3aBKIH MICTUTH KO
onepauii (KOIT), a qpyruii i TpeTiii (KO0 BOHU TPUCYTHI B KOMaH/I1)



- azapecu orepaHfiB abo ix Oe3mocepenni 3HadenHs. Y Taom 5.1
nokaszadi 13 tumiB komaux MCS51.
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Taomuns B.1 — Tunn xomaag MCS51

Tun [epmmii 6aiit | Apyruii 6ait | Tperiit GaiT

KOMaHINA D7...D0 D7...D0 D7...D0

Tun 1 KOII

Tum 2 KOII #d

Tun 3 KOII ad

Tun 4 KOII bit

Tun 5 KOIT rel

Tun 6 KOIT a7...a0

Tun 7 KOII ad #d

Tun 8 KOII ad rel

Tum 9 KOIIT ads add

Tun 10 KOIT #d rel

Tum 11 KOII bit rel

Tum 12 KOII ad16h ad16l

Tum 13 KOII #d16h #d16l

[lo3HayeHHs, BUKOPUCTOBYBaHi MPH OMKCI KOMAHI:

“Rn (n=0,1,...,7) — pericTp 3arajpbHOr0 MpU3HAYCHHS B OOpaHOMY

0aHKy pericTpiB;

% @Ri (i=0, 1) — pericTp 3araJbHOT0 NpPU3HAYCHHS B OOpAHOMY
0aHKy pericTpiB, SKHIl BHKOPUCTOBYETHCS B SIKOCTI PETICTPY HEMPSAMOTO

ajipecy,

+ ad — agpeca npsMoazapecyeMoro Oaiira;
++ ads — agpeca npsiMo aIPeCyEThCs OalTa-mKepena;

+¢ add — agpeca ipssMo agpecyeThes GaiTa-oepiKyBaya;
¢ adll — 11-pospsimamii abCOMIOTHHI apeca Mepexoay;
++ ad16 — 16-po3psimauii aOCOMOTHHI apeca Mepexoay;
+¢ Rel — BimHOCHUI afpeca epexony;

«¢ #d — Ge3mocepeHiii omepanHs;

+ #d16 — Ge3nocepeaHiii onepaun (2 Gaiira);
¢ bit — agpeca npsimo aapecyeThest 6iTa;

+¢ /Bit — imBepcis nmpsAMo agpecyeThes OiTa;
* A — akyMyJIATOp;

+¢ PC — niYMIBHAK KOMAaHT;
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+* DPTR — pericTp MOKaX4YKK JaHUX;
+¢ () — BMicT KOMipKH Tam'siTi a00 pericTpa.

Tunu onepanais

Ckianm omepaHIiB BKIIOYaE B ceOe OmepaHIu YOTHPHOX THIIIB: OiTH,
4-6iToBi ungpwu, 6aiitu i 16-6iTOBI ci0Ba.

Mikpokontposiep Mae 128 mporpaMHO-KepOBaHUX Mpamnopis
KOpUCTyBaua. € TakoX MOXIHUBICT anpecamii oxkpemux OiT OJOKY
pericTpiB cremianebHuUX (yHKmi 1 moprtiB. Jma anpecamii  6iTiB
BHUKOPHUCTOBYEThCA npsimuii 8-0iToBy aapecy (bit). Henpsima agpecamis 6it
HemoxiuBa. Kaptu ampec okpemux OiTiB mpencrasieHi B Tabimumi 1 1 2.
UeTtupéxOiTHHE ONEpaHIN BUKOPHCTOBYIOTHCS TUIBKH TIPH  OIepariisax
obminy (komanau SWAP i XCHD).

BocbMibiTHHX omepaHaoM Moxe OyTH ocepeloK Mmam'aTi mporpam
(PM) a6o manux (pe3umentHoi (RDM) ab6o 3o0BHimHLO1 (EDM)), KOHCTaHTa
(6e3mocepenniii onepany), perictpu crenianbHuxX ¢yskmii (SFR), a Takox
noptu BBeleHHs / BuBoxmy. [lopTm 1 pericTpu cremianbHUX (yHKIiN
aJpecyloTbCsl TUIBKM TNpsSMHM criocoboMm. balith mam'sti  MOXyTh
aJipecyBaTUCs TAaKOX 1 HEMPSIMUM YWHOM 4depe3 anapecHi perictpu (RO, R1,
DPTR i PC).

[ByxOaiiTHoe omepaHay - ¢ KOHCTaHTH 1 TpsIMi aapecH, s
MOJJaHHS SIKUX BUKOPHCTOBYIOTHCS APYTHH 1 TpeTii OaiiTh KOMaHaH.

Cnocodu agpecanii JaHux

Y MIKpOKOHTpOJIEP] 3aCTOCOBYIOTHCS TaKi METOAM ajpecallil JaHuX:
npsMa, 6e3nocepens, Henpsma i HesiBHA.

IIpn mempsimoMy cmoco0i azapecamii pe3WACHTHOI MaM'ATi JaHWUX
BUKOPHCTOBYIOThCS BCi BiciM 0iTiB agpecHux perictpiB RO i R1.

[Ipanopu pe3ynbraTy

CrnoBo ctany nporpamu PSW Brutouae cebe 4oTHpH Mparopu:

¢ C - nepeHoc,

¢ AC - nonomikuuit mepeHeceHHs (MOMyIepeHoc),

+ OV - nepenoBHEHHS

¢ P - mapwurer.

Ilpammop mapureTry O€3MOCEPENHBO 3AICKUTH BIJl IMOTOYHOTO
3HA4YEHHS aKyMyJIATOopa.

SIKIT0 9MCI0 OAMHWYHUX OITiB aKyMyJaToOpa HemapHe, To mpamnop P
BCTaHOBIIIOETHCS, a SIKIIO MapHe - CKUAAEThCsA. Bei cipoOu 3MiHUTH Mparop
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P, mpuBnacHrO04YM HOMY HOBOTO 3HAa4Y€HHS, HE MPHUHOCITh KOPHUCTI, SKIIO
BMICT aKyMyJISITOpa MIPH [[bOMY 3THIIUTHCA HE3MIHHUM.

IMpanop AC BCTaHOBJIIOETBHCS, SKIIO NpPU BHKOHAHHI omepaii
JOJIaBaHHA 1 BiHIMaHHSA MK TeTpajamMu Oailita (HamiBOalTaMu) BHHUK
IepeHoc ado Mo3uKa.

IIpamop C BCTaHOBIIOETHCS, SKIIO B CTapHIOMYy OHTE pe3yibTaTy
BUHHKAE TIEPEHECeHHs a00 Mo3uKy. [Ipy BUKOHAHHI omepariii MHOKEHHS i
nineHHs npanop 3 CKUAA€ThCA.

IIpamop OV BCTaHOBIIOETKCS, SKIO Pe3yIbTaT ONeparlii JoJaBaHHs 1
BiJHIMAaHHS HE BKJIAJA€Tbcd B ceMu OiTax 1 crapmuii (BocbMuii) OiT
pe3yNbTaTy HEe MOXKE IHTEePIpPETYBAaTHUCS sSK 3HAKOBUH. [Ipu BHKOHaHHI
omeparii aiterHs mpamop OV CKHIaeThcs, a B pa3i MOMLTYy Ha HYJIb
BCTaHOBIIOEThCA. [Ipu MHOXeHHI Tipanop OV BCTaHOBIIOETHCS, SKIIO
pe3yabrat Oinbiie 255.

VYV Tabmumi 7.2 mepepaxoBYIOTHCS KOMaHAW, NMPH BUKOHAHHI SKHX
MOAN(DIKYIOTbCA TPANopu pe3ynbTaTy. Y Tabmuii BIACYTHS Mparop
MapuTeTy, TaK SK HOro 3HAYCHHS 3MIHIOETHCS YCIMa KOMaHJaMH, SKi
3MIHIOIOTh BMICT akyMmyisTopa. KpiM KomaHa, HaBeJeHUX Yy TaOuii,
npanopd MOAUGIKYIOThCS KOMaHIaMH, B SKAX MICIEeM TIPU3HAYCHHS
pe3ynbraTy Bu3HaueHi PSW abo #ioro okpemi OiTH, a TaKOX KOMaHIaMU
oreparliit Haj OiTamu.

Tabmuus b.2 — Komarmu, mo Moan@ikyroTh parnopu

Komangu | Ilpanopu | Komanau [Ipanopu
ADD C,O0V,AC| CLRC C=0
ADC C,0V,AC CPLC | C=NOT(C)
SUBB | C,OV,AC| ANLC,b C
MUL C=0,0V |ANLC, /b C

DIV C=0,0V | ONLC,b C

DA C ONLC, /b C

RRC C MOV C, b C

RLC C CINE C
SETBC C=1

CuMBoJiiuHa aapecanis

Ilpu BukopucTaHHi acemOnepa s OTpUMaHHS OO'€KTHHX KOJiB
IporpaM JOMYCKAa€ThCsS 3aCTOCYBAHHS B IPOTpamMax CHUMBOJIIYHUX IMEH
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pericTpiB crieniadbHUX (YHKIIH, TOPTIB 1 iX okpeMux OiTiB (Tadm.2). [
aznpecarii OkpeMux OITiB 1 MOPTIB (Taka MOXIIUBICTh € HE Y BCiX PETiCTPIB
cnemianbHuX (YHKIIH) MOXKHA BUKOPHCTOBYBAaTH CHUMBOJIYHE IM's OiTa
HACTYIHOI CTPYKTYpH: <iM'st perictpa abo mopty>. <Homep Oita>.

Hampuknan, cuMBojiiuHe iM's m'storo ©Oita akymyisTopa Oyme
HactynmHuM: ACC.S5. cMMBOIUHI iMEHa € 3ape3epBOBAaHMMHU CIIOBAaMH, 1 iX
He Tpeba BU3HAYATH 3a JOMOMOTOI0 AUPEKTUB aceMoiepa.

b.2 I'pynn xomanna

Cucrema xomann cimeiictea MCS-51 mictuts 111 6a30BUX KOMaHI,
sIKi 32 (QYHKLIOHAJIBHOIO 03HAKOI0 MOXHA MOAUIUTH Ha M'SITh TPYIL:

+¢ IepecUIaHHs JaHHX;

¢ apu(METUIHUX OTepalliii;

+¢ JIOTIYHHX OTIepalliii;

+¢ omepairiii Haj OiTamu;,

¢ Tiepeiavi yrnpaBIiHHS.

®dopmar KOMaH][ - OJTHO-, IBO- 1 TPEXOAMTOBUM, IPUIOMY OLIBIIICTD
komaH[ (94) matote ¢opmar oauH abo aBa Oaiitu. [lepmmii 6aiT Oynb-
AKUX THITy 1 ¢opMmaTy 3aBXKIW MICTHTH KOJI Omeparii, Ipyrui i TpeTii
0aiiTu MICTSITh 200 ajJipecu onepaHiB, a00 Oe3Mocepe/IHI OnepaH/Iy.

Cknaz omnepaHiB BKIIOYa€e B cebe onepaHIy YOTUPHOX THIIIB: OiTH,
TeTpanu (4 6iT), 6aiitu 1 16-0iToBi cioBa. Yac BUKOHaHHS KOMaH] CKJIa/Ia€
1, 2 a6o 4 mammuaHMX 1WKTy. [Ipu TakToBiK wacTtoTi 12 MI'T TpuBamicTh
MAaIIMHHOTO HUKJTY CKiIagae | MKC, MpH IbOMY KOMaHIM BUKOHYIOThCS 3a 1
MKC, 45 KOMaHJ - 3a 2 MKC 1 2 KoMaHIu (MHOKEHHS 1 JUTCHHS) — 33 4 MKC.
Habip xomarx MCS-51 miarpuMye HacTyIIHI peXUMHE ajpecariii.

IMpsima agpecanisi (Direct Addressing). Onepana Bu3HauaeThes 8-
OiToBUM ajnpecoro B iHCTpykKmii. Ll ampecalliss BUKOPUCTOBYEThCS TLIBKH
JUTS BHYTPIITHBOT TaM'aTi JaHuXx 1 perictpiB SFR.

Henpsima agpecanisi (Indirect Addressing). B 1upomy Bumamky
IHCTPYKIlisl aApecye PericTp, IO MICTUTh ajpecy omnepaHna. Jlanuii Bua
azipecarii Moke 3aCTOCOBYBATHUCS TPH 3BEPHEHHI SK 10 BHYTPINIHHOTO, TaK
i 3oHimHEBOro O3Y. Jlng Bka3iBKH 8-0ITOBHX aapec MOXYTh
BuUKopHucToByBaTHcs perictpu RO 1 R1 Bubpanoro peecrpoBoro 6anky adbo
nokaxuuk creka SP. Jlnst 16-0iTHOT agpecariii BUKOPHCTOBYETHCS TUIBKH
perictp "mokaxunk gaaux" (DPTR - Data Pointer).

PeectpoBa anpecamis (Register Instructions). Jlana azpecariis
3aCTOCOBYEThCS s AocTymy no perictpiB RO ... R7 oOpanoro OaHky.
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Komanmm 3 peectpoBoi azpecariero MicTATh B OaiiTi Komy omeparii
TpexOiToBOE TIOJIe, IO BH3HA4Yae HOMep perictpa. Bubip omHOTO 3
YOTHPBOX PEECTPOBUX OaHKIB 3AIMCHIOETHCS MNPOrpaMyBaHHSIM OiTiB
cenektopa 6anky (RS1, RS0) B PSW.

besnocepenns agpecamist (Immediate constants). Onepadmg MiCTHTBCS
Oe3mocepeIHRO B TOJII KOMaHAM YCIIiJT 332 KOJIOM OIleparrii i Moke 3aiiMaTu
omuH abo nBa Oaiitu (data8, datal6). ImmekcHa anapecamis (Indexed
Addressing). IamexcHa azgpecalliss BUKOPHCTOBYETHCS MPHU 3BEPHEHHI 10
mam'siTi mporpaM i TUTBKM TpW YWTaHHI. B 1iboMy pexxumi 31iHCHIOETHCA
neperisia Tabaune B naM'ati nporpam. 16-6itoBwuii perictp (DPTR a6o PC)
BKa3zye 0a30By azpecy HEOOXiqHOT TaONIuIli, a aKyMyJISITOP BKa3y€ Ha TOUKY
BXOOy B Hei. Anpeca eleMeHTa TaOIHUIll 3HAXOAWTHCS CKJIAJTaHHAM 0a3u 3
IHIEKCOM (BMICTOM aKyMyJIsITOpa).

[nmmit Tim  iHAgeKcHOi ajpecamii 3aCTOCOBYETHCST B KOMaHIAX
"mepexoxy Ha BuOIp" (Case Jump). Ilpm mpoMy azapeca mepexomy
0OYHNCITIOETHCS K CyMa MOKaKYMKa 0a3d 1 aKyMyJIsiTopa.

HesiBaa anpecanis (Register-Specific Instructions). [lesiki iHCTpyKIIii
BUKOPUCTOBYIOTh 1HIMBiAyallbHI pericTpu (HampUKIag, omepauii 3
akymyastTopom, DPTR), nmpu nipoMy nmaHi pericTpu He MalOTh aJpECH, L0
BKa3ye Ha HUX; 1€ 3aKJIaJICHO B KOJ OTeparii.

b.3 Komanau nepenavi nanux

s rpyna npencrasieHa 28 KOMaHaMH, IX KOPOTKHUIT OTIHC HaBEJICHO
B Tabnuii b.3, ne Takox Bkazani tun komauau (T) BiAMOBIAHO 10 TaOmMIIi,
ii moBxkuHa B Oakitax (b) i wac BUKOHaHHA B MamMHHUX Itukiax (LT).
Binpnry wacTMHY KOMaHJ JaHOI TPYNH CKIAJAI0Th KOMaHAM Tepenadi i
oOminy OaiitiB. Komanau nepecrinanss OiTiB MpeaCTaBiICHI B TPyl KOMaH]
OitoBux omepauiil. Bci xomanau wiei rpynu He MOAMQIKYIOTH Mpanopu
pe3ynbTaTy, 3a BUHATKOM KOMaHZ 3aBaHTaxeHHS PSW 1 akymymnsaropa
(mpamnop mapurery).

3a xomannoro MOV BHKOHYETbCS NEpecHSaHHS NaHUX 3 JIPYroro
OTepaH/a B MEPILIHH.

Lls xomMaH a HE Ma€e qOCTYITY Hi IO 30BHINTHBOT MaM'ATi JaHUX, Hi 10
nam'sti mporpam. Jlnst mux mined npusHaveHi komanau MOVX i MOVC
BignosiaHo. [lepmra 3 HUX 3a0e3neuye ynTanHs / 3aKuC OalT 13 30BHIIIHBOT
TaM'saTi TaHWX, IpyTa - YUTaHHSA OAWUT 3 maM'sITi mporpam.



105

3a xomaHmoro XCH  BuKoHyeThc OOMIH  OaiiTaMu  Mix
akymyisitopoM 1 ocepenkom PIIJI, a mo komammi XCHD - oOmiH
Mostoamumu Tetpaaamu (oitamu 0 - 3).

Komanau PUSH i POP npusHadeHi BiqNOBiIHO AJIs 3alKCy AHUX B
CTeK 11X unTaHHS 3 CTEKa.

Po3mip creka oOMeXeHHI JHIIEe PO3MIPOM PE3UAECHTHOI Mam'sTi
nanux. B mporeci inimianizamii Mikpo-EOM micnst curHaity ckunanHs abo
IpU BKIIOYEHHI Hampyru skuBieHHS B SP 3aHocutbes kox O7H. Le
O3Hauae€, MO MEPIIUi eIeMEHT cTeka OyAe pOo3TalIoByBaTHCS B KOMipIi
nam'siti 3 anpecoro O8H.

I'pyna xomaH nepecuiiaHb MiKpOKOHTPOJIEpa Ma€e TaKy OCOOJIUBICTh
- B HIH HeMae CIEMiabHUX KOMaHA I poOOTH 3i CIeIiaJbHUMHU
perictpamu: PSW, Taiimepom, mopramu BBeIeHHsS-BHBEIeHH:. JJocTynm 1o
HUX, SK 1 JO IHIIMX PETiCTPiB CHeHmiadbHUX (QYHKIIN, 3MiHCHIOETHCS
3aBAAHHAM BiIIOBIAHOTO MPSMOTO aJpECH, TOOTO I1¢ KOMaHIN 3BUYaitHUX
MepECIIalb, B SKUX 3aMICTh aJpeCH MOXKHA CTaBUTH HAa3BY BiIOBIIHOTO
pericrpa.

Hampuxiian, uyutanas PSW B akymynsartop Moxke OyTH BHUKOHAHO
koMagmoio MOV A, PSW sxa mepeTBopioeThcst AcceMOiepoM 10 BHILY
MOV A, 0DOh (E5 DO0), ne ES - kox omepauii, a DO - onepana (agpeca
PSW).

Tabnuus b.3 — 'pyna xoMaHz repenavi JaHUX

Ha3Ba komaHaun MHemokog T Onepais
gle;;ecvmaHHﬂ B akymynaTop 3 perictpa (n = MOV ARn 1| @ <= ®n)
n

epecunaHHA B aKymynfnop MOV A ad 3 | @) <= (ad)
npsamoagpecyemoro 6aita
I:Ie0p1e)cwnaHH;| B akymynstop 6avita 3 PMA (i MOV A @Ri 1 A) <= Ri))
3aBaHTa)K€HHA B aKyMyIATOP KOHCTaHTK MOV A #d 2 | (A)<=#d
[NepecnnaHHsA B pericTp 3 akymyastopa MOV Rn,A 1 (Rn) <= (A)
MepecnnaHHa B per|c1pv MOV Rn,ad 3 | Rn) <= (ag)
npsamoagpecyemoro 6aiiTa
MepecnnaHHA B pericTp KOHCTaHTM MOV Rn,#d 2 | (Rn) <=#d
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Ha3Ba komaHaun MHemokog, T Onepais
MepecnnaHHA 3a NpAMUM agpecoto MOV ad,A 3 | @d) <= )
akymynsTopa
I'Ie;?ecvmaHHa 3a NPAMUM aApecoto MOV ad.Rn 3 | @d) <= Rn)
perictpa
nepecunaHHs npsaMoagpecoBaHoro 6ainrta MOV add,ads 9 | (@dd) <= (ads)
3a NPAMUM aApecoro
MepecunanHsa 6awta 3 PMJ no npsamomy MOV ad, @Ri 3 | @d) <= (Ri))
agpecoro
MepecnnaHHA 3a NpAMUM agpecoto MOV ad #d 7 | (ad) <= #d
KOHCTaHTH
Mepecunanua B P/, 3 akymynaTtopa MOV @Ri,A 1 ((Ri)) <= (A)
I'IePecvmaHHﬂ B PlN/J npamoaapecyemoro MOV @Ri,ad 3 | (Ri)) <= (ad)
6arTa
MepecnnaHHs B PIN/[ KOHCTaHTH MOV @Ri,#d 2 ((Ri)) <= #d
3aBaHTa)XKeHHA MoKaXkyMkKa JaHnx MoV 13 (DPTR) <=

A DPTR #d16 #d16
. MOVvC (A) <= ((A) +
MepecunanHsa B akymynatop 6aiita 3 MM A @A+DPTR 1 (DPTR))
(PC) <= (PC) +
. MovC 1;
MepecunanHsa B akymynaTop 6anta 3 MM A@A+PC 1 A) <= ((A) +
(PQ)
MepecunaHHsa B akymynatop 6avita 3 BMJ, MOVX A, @Ri 1 (A) <= ((RD))
MepecunaHHa B akymynatop 6aiita 3 MOVX _
poswwupeHoto 3MJ A,@DPTR T | & <= (DPTR)
MepecunanHns B 3MN/[, 3 akymynaTopa MOVX @Ri, A 1 ((Ri)) <= (A)
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Ha3Ba komaHaun MHemokog, Onepais
MepecnnaHHsa B po3wmpeny 3N/ 3 MOVX _
akymynsaTopa @DPTRA ((DPTR)) <= (A)

(SP) <= (SP) +
3aBaHTa)KeHHSA B CTeK PUSH ad 1

((SP)) <= (ad)

(ad) <= ((SP))
BuTar 3 cteka POP ad (SP) <= (SP) - 1
O6MiH akymyssTopa 3 perictpom XCH A,Rn (A) <=> (Rn)
06vM|H aKymynsTopa 3 npsaMoagpecyemMum XCH Aad (A) <=> (ad)
6aiTom
O6miH akymynaTopa 3 6aritom 3 PN XCH A ,@Ri (A) <=> ((Ri))
O6MiH MosoALIOI TETPaAN akyMyasTopa 3 . (A0_3) <=>
mMosioaLwoto TeTpagon PN XCHD A, @Ri ((Ri)0_3)

Crpykrypa indopmaniiHux 3B's13KiB

3anexHo Bif crocoly anpecauii i MiCIsl po3TallyBaHHS ONEpaHAa
MOXHa BHWJIUTUTH JEB'SITh THUIIB ONEPaHIiB, MiX SKUMH MOKJIHBHHA
iHpopMmamiiiaumii oOmiH. ['pad MoxnmBHX omepamid nepedadi JaHUX
nokaszanuit Ha puc. 20. [lepexadi JaHMX MOKYTh BUKOHYBaTHCS 0e3 ydacTi

akymyssitopa [1].
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PM EDM

@DPTR| | @PC ‘ @DPTR L@'Ri
%

SFR AN \ f e
RDM
oot T l /. . RDM
DPTR ﬂ ad > A < @Ri c
y F N f /I 7
N\ ‘
4dl6 Rn i bit

Pucynok b.1 — I'pad nursixiB nmepenadi JanHUX

3BepHEeHHS 10 aKyMYJIsITOpa

3BEepHEHHS /10 aKyMYJISITOpa MOXe OYTH BUKOHAHO 3 BUKOPUCTaHHIM
HesIBHOT 1 mpsAAMoi afpecanii. 3ajeKHO Bif croco0y azapecalii akymyssTopa
3aCTOCOBYETHCS OHE 13 cUMBOINIYHHX iMeH: A a6o ACC (mpsimuii agpecy).
[Ipu mpsimoi anmpecanii 3BepHEHHS 10 aKyMYJSTOpa HMPOBOAMTHECS SIK 0
OJHOTO 3 PEricTpiB crHeuianbHUX (yHKIIH, 1 HOro agpeca BKa3yeThCsS B
npyromy Oaiiti komanau. BukopucranHs HesBHIHM anpecariii akymysTopa
Kpaille, aJie He 3aBXJ1 MOXIIMBO, HAIIPUKIIAJ, IPHU 3BEPHEHHI JO OKPEMHUX
OiTaM akymyJsTopa.

3BepHeHH 10 30BHINIHBLOT aM'ATi JaHUX

IIpu Bukopucrani komanx MOVX @Ri 3abe3nedyeTscsi JOCTYT 10
256 GaifTaM 30BHINIHBOI MaM'sITI NaHUX. [CHY€ TaKoXX PEKUM 3BEpHEHHS 10
pO3MWIMpEHOi  30BHIMIHBOI  HaM'iTi  JaHMX, KOJMM JAJS  JOCTYIY
BHKOPHUCTOBY€EThCSL 16-0iTOBY azapecy, mio 30epiraeTbCsi B pericrpi-
mokaxunky maanx DPTR. Komammm MOVX @DPTR 3abe3nedyioTh
noctym 10 65536 GaiiriB 30BHIIHBOT nam'sati ganux. PM EDM SFR RDM
RDM Puc. b.1 I'pad nnisaxiB nepenadi JaHUX
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b.4 Apudpmernuni onepamii

Hany rpymy yTBOproroTh 24 koMauau (Tabmur b.4), mo BUKOHYIOTH
omeparlii CKJIagaHHs, JIECATKOBOI KOPEKIlil, MHKpEMEHTa / JIEeKpEeMEHTa
OaiitiB. € KOMaHIM BiAHIMAHHS, MHOKEHHS 1 JieHHs OalTiB.

Ta6mus b.4 — ['pyna xomana apudMeTHIHUX OTeparii

Ha3Ba komaHan MHemokog Onepatis
AOAABAHHA aKymyJ:)ﬂ;t))pa perictpom (n = ADD A,Rn (A) <= (A) + (Rn)
JAoaaBaHHsA aKymynﬂTovpa 3 ADD Aad (A) <= (A) + (ad)
npsmMmoagpecyeMum 6antom
JopasaHHA aKyM)(/iJTT(c;?)a 3 6awntom 3 PMNJ, ADD A @Ri (A) <= (A) +((RD))
[loaaBaHHA aKymMyAaTOpa 3 KOHCTAHTOO ADD A #d (A) <= (A) + #d
[opaBaHHA akymMynaTopa 3 perictpom i ADDC ARn (A) <= (A) + (Rn) +
nepeHeceHHAM (@)
JAoaaBaHHsA aKytaynﬂT.opa 3 ADDC A.ad (A) <= (A) + (ad) +
npamoagpecyemum 6aiTom i nepeHocom ©
[JopaBaHHA a.KymynﬂTopa 3 bavitom 3 PMJ, ADDC A @Ri (A) <= (A) + ((Ri))
i nepeHeceHHAM +(Q)
[loaaBaHHA aKyMynaTOpa 3 KOHCTAHTORO i ADDC A #d (A) <= (A) + #d +
nepeHeceHHAM (@)
Ecnn (A0_3) > 9|
. ((AC)=1),
JAecAaTkoBa KOpeKLia akymynaTopa DA A 10 (A0.3) <=
(A0_3) + 6,
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Ha3Ba komaHan MHemokog T Onepatis
3aTem ecau (A4_7)
> 9| (©)=1),
T0 (A4 7) <=
(A47) +6
BiaHimaHHA 3 akymynsaTopa pericTpa i SUBB ARn 1 (A) <= (A) - (C) -
No3nyKn (Rn)
BigHimaHHS 3 aKvayna.'ropa SUBB Aad 3 (A) <= (A) - (C) -
npsamoagpecyemoro 6aiTa i No3nukn (ad)
BigHimaHHA 3 akymynaTopa 6aiita 3 PMJ, i SUBB A @Ri 1 (A) <= (A) -(C) -
NO3MYKM ((Ri))
BigHiMaHHA 3 akymynsATOpa KOHCTaHTH i SUBB A #d 2 (A) <= (A) - (C) -
MO3MUKM #d
iHKpEeMeHT akymynsTopa INC A 1 (A) <= (A) +1
iHKpeMeHT perictpa INC Rn 1 (Rn) <= (Rn) + 1
IHKpemeHT npsmoagpecyemMoro bavita INC ad 3 (ad) <= (ad) + 1
IHKpemeHT 6avita 3 PN/, INC @Ri 1 ((Ri)) <= ((Ri)) + 1
IHKpeMeHT nokaXkumka AaHmx INC DPTR 1 (DPTR) :=1 (DPTR)
AEeKpPeMEeHT akymynsTopa DEC A 1 (A) <= (A) -1
JAEeKpeMeHT perictpa DEC Rn 1 (Rn) <= (Rn) -1
[JlexpeMeHT npsiMoaapecyemoro 6aiTta DEC ad 3 (ad) <= (ad) - 1
[ekpemeHT 6ainTa 3 PMA DEC @Ri 1 ((Ri)) <= ((Ri)) -1
MHo>keHHs akymynsTopa Ha perictp B MUL AB 1 (B)(A) <= (A)*(B)
Posnogin akymynsatopa Ha perictp B DIV AB 1 (A)(B) <= (A)/(B)

Komanmu ADD i ADDC nomyckaioTh CKIQgaHHS aKyMyJsTopa 3
BEIMKUM 4YHCIOM omnepaHaiB. AHanoriuno komangam ADDC icHyrOTh
yorupu koMaHau SUBB, mo pg03Boiisie AOCUTH MPOCTO MPOBOAUTH
BiJHIMaHHS OalTiB 1 0araTo0aiTOB1 ABIMKOBUX YHMCEI.
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Y MIKpOKOHTpOIJIEpl peali3yeThCsl PO3MHUPEHUNA CIHUCOK KOMaH]
WHKpEMEHTa / IeKpeMeHTa OaiTiB, kKoMaHIa HWHKpeMeHTa 1|6-0iTHOTO
pericTpa-moKakyuka JaHuX.

3a pesynbraroMm BukoHaHHS koMaHa ADD, ADDC, SUBB, MUL i
DIV BcranoBmoroThes npamnopu PSW, cTpykTypa KX HaBeneHa B TaOII. 4.
[Ipammop C BcTaHOBIIOETHCS MPH NepeHeceHHi 3 po3psany D7, 1. E. YV pasi,
SKIIO pe3yJbTaT HE TMOMIMAEThC B BiciM  po3psiaiB; mnpamop AC
BCTaHOBITIOETHCS TIPH TIEPEHECEHH1 3 po3psany D3 B koMaHaxX J0JaBaHHS i
BiIHIMAHHS 1 CITy>KHTb IS peaiizarii gecsTkoBoi apudmeTuku. Ll o3naka
BUKOpHUCTOBY€eThCsl koMaHAol0 DAA. Ilpamop OV BCTaHOBIIOETHCS MpH
nepeHeceHHi 3 pospsany D6, 1. E. Y pasi, Ko pe3ynsTaT He NOMIIIA€THCS
B CiM PO3pAIIB i BOCBMUI HE MOKe OYTH IHTEPIPETOBAHUH SK 3HAKOBHM.
s o3HaKa cyXuTh JUIs opraHizaii o0poOku uucen i3 3HakoMm. HapemTi,
mparmop P BCTaHOBIIOETBCS 1 CKUAAETHCS amapatHo. SIKIIO YHUCIo
OIMHUYHUX OIT B aKyMyJISITOpi HenmapHii, To P = 1, B inmomMy Bumanky P =

0.

B.5 Jloriuni onepamii

Hany rpymy yrBopiotots 25 xomaug (Tabmums b.5), mo peanizyots
(YHKLIOHATIBHO TIOBHY CHUCTEMY JIOTIYHHX ornepamii Hajn Oaiitamu. Y
MiKPOKOHTPOJIEP] PO3LIMPEHO YUCIIO THIIIB ONEPaHIiB, 10 OEpyTh yyacTb B
oreparisix. € MOXIHUBICTh poOUTH orepartiro "Bukiatouae AbO" 3 BMicToM
moptiB. Komarna XRL moxe OyTH eeKTHBHO BUKOpHCTaHA /s iHBepCii
OKpeMHX OiTiB ITOPTIB.

Tabmuus b.5 — I'pyna komaHa norivyHux onepauii

Ha3Ba komaHan MHemokop, T Onepatiis

Noriune | akymynaTtopa i perictpa ANL ARn 1 2::1;: (A) &&

Noriune | akymynsTopa i npamoaapecyemoro | |\ s | @ <=meas
6aiita (ad)

Noriune | akymynsTtopa i 6aiita 3 PN/, ANL A, @Ri 1 E?R)i);= (A) &&

JNloriuHe | akymynsTopa i KOHCTaHTU ANL A, #d 2] (A) <= (A) && #d
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JNoriuHe | npamoagpecyemoro 6anta i

(ad) <= (ad) &&

aKkymynsTopa ANL ad,A (A)
JoriuHe | npaMoagpecyemoro 6aiiTa i ANL ad #d (ad) <= (ad) &&
KOHCTaHTn #d
JNoriune ABO akymynsTopa Ta perictpa ORL ARn (A) <= (A) || (Rn)
Noriune ABO akymynsTopa Ta
npsiMoaapecyemoro 6aiita ORL A,ad (A) <= (A) || (ad)
JNloriune ABO akymynaTopa Ta 6avita 3 PI/, ORL A, @Ri (A) <= (A) [] ((Ri))
JNoriune ABO akymynsTopa Ta KOHCTaHTU ORL A#d (A) <= (A) || #d
Noriune ABO npsmoaapecyemoro 6aiiTa i ORL ad,A (ad) <= (ad) ||
akymynsTopa (A)
JNloriuHe ABO npsimoaspecyemoro 6aiiTa i ORL ad,#d (ad) <= (ad) || #d
KOHCTaHTU
LLlo Bukntouae Abo akymynsaTopa i perictpa XRL A,Rn (A) <= (A) ~ (Rn)
Lo Bukntouae Abo aKymynfTopa i XRL A ad (A) <= (A) A (ad)
npamoagpecyemoro 6aiita
LLlo Bukntouae Abo akymynsatopa i 6aiTa 3 . (A) <= (A) A
XRL A, @Ri .
PMA, ((Ri))
LLlo Bukntouae Abo akymynstopa i XRL A #d (A) <= (A) A #d
KOHCTaHTU
LLlo Bukatouae Abo npsiMoaapecyemoro XRL A #d (A) <= (A) A #d

6alita i akymynsTopa




113

- A
Wo BVIKn}Ol-IaE A6.o npsMoaspecyemMoro XRL ad,#d (ad) <= (ad)
6aiiTa i KOHCTaHTU #d
CKunaaHHA akymyasatopa CLR A (A) <=0
iHBepcis akymynsaTopa CPLA (A) <= ~(A)
(An+1) <= (An)
LinkniuHuni 3cyB akymynaTopa BniBO RLA n=0_6;
(A0) <= (A7)
(An+1) <= (An)
3pyLueHHsA akymyasTopa BAiBO yepes RLC A n=0_6;
nepeHoc (A0) <= (Q);
(€) <= (A7)
(An) <= (An+1)
UnkniyHui 3cyB akymynsTopa Bnpaso RRA n=0_6;
(A7) <= (A0)
(An) <= (An+1)
3pylLeHHA akyMyaATopa BNpaBo Yepes RRC n=0_6;
nepeHoc (A7) <= (C); (Q)
<= (A0)
O6MiH MicuAMYK TeTpag B akyMynsaTopi SWAP A (A(EXZ) _<,)=>

b.6 Komanau nepeaayi ynpaBiaiHHsA
Jo nmanoi rpynu komanj (Tabmuns b.6) BimHOCATBCS KOMaHJH,

YMOBHOTO 1

mepenavi  ympaBIiHHS.

0Ee3yMOBHOTO  PO3TANYKEHHS,
TOBEPHEHHS 3 HHUX, a TaKOX KOMaHma MopoxHiit omeparmii NOP. VYV
OLITBIIIOCTI KOMaHJ BUKOPUCTOBYEThCS TpsMa aapecallisi, ToOTO ampeca
mepexony MmiTkoM (abo WOro dYacTHMHA) MICTHUTBCS B caMild KOMaHI
MoxHa BUIUIATH TPH PI3HOBUAM KOMaH]I

BUKJIMKY IiIOporpam

pO3Taly>KEeHHS IO PO3PAJHOCTI 3a3HAYEHUX BUILE aJJPECH MEPEXOy.

Tabmuus b.6 — ['pyna xomana nepenayi ynpapiiHHA (yNnpaBiiHHS

ITOCITi TOBHICTIO)

Ha3Ba komaHaun

MHemokoz

Onepatuis

JOBrUiA Nepexif, B NOBHOMY 06cA3i
nam'ati

LIMP ad16

12

(PC) <= ad16
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KopoTkuii BigHOCHWUI nepexig,

(PC) <= (PC) + 2

BCepPeAUHi CTOpiHKU B 256 6anT SIMP rel > (PC) <= (PC) + rel
. o . (PC) <= (A) +
Henpamwuin BigHOCHWIA nepexig, JMP @A+DPTR 1 (DPTR)
(PC) <= (PC) + 2,
Mepexia, AKWO akyMynaTOp AOPIBHIOE JZ rel 5 ecn (A)=0,
Hy 1O 10 (PC) <= (PC) +
rel
(PC) <= (PC) + 2,
Mepexia, ak KYMYNATOP H ecm (A)<>0,
P opiemoc w0 Nzrel | s
Aop y 10 (PC) <= (PC) +
rel
(PC) <= (PC) + 2,
Mepexia, AKWO NepeHeceHHsA IC rel 5 ecam (C)=1,
DOPIBHIOE OANHNL 10 (PC) <= (PC) +
rel
(PC) <= (PC) + 2,
Mepexig, FI.KLIJ,O nepeHeceHHs INC rel 5 ecam (C)=0,
AOPIBHIOE HY N0 10 (PC) <= (PC) +
rel
(PC) <= (PC) + 3,
Mepexia, AKwo 6iT JOpiBHIOE OAUHULLI JB bit,rel 1 ecan (bi)=1,
PexiA, AKILo BIT Aop AVRML ' 10 (PC) <= (PC) +
rel
(PC) <= (PC) + 3,
. . . . ecam (bit)=0,
Mepexia, Akwo 6iT AOPiBHIOE HytO JNB bit,rel 1 10 (PC) <= (PC) +
rel
(PC) <= (PC) + 3,
Mepexig, akwo 6it BCTaHOBJ'.IeHVIVI, 3 JBC bit rel 1 ecnm .(blt)=0,
noganbliMm ckugom bita 1o (bit) <=0
(PC) <= (PC) + rel
[lekpeMeHT pericTpa i nepexia, AKLLO (PC) <= (PC) + 2
P pericTpa | nepexia, akuy DIJNZ Rn,rel 5 | (Rn)<=Rn)-1,

He Hy/b

ecan (Rn)<>0,
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10 (PC) <= (PC) +
rel

JekpeMeHT npsAMoagpecyemoro
6aiTa i nepexia, AKWO He Hy/b

DJNZ ad,rel

(PC) <= (PC) + 2
(ad) <= (ad) - 1,
ecan (ad)<>0,
10 (PC) <= (PC) +
rel

MopiBHAHHA akymyasaTopa 3
npsamoagpecyemum baitom i nepexia,
AKLLO He JOPiBHIOE

CJNE A ad,rel

(PC) <= (PC) + 3,
ecnm (A)<>(ad),
to (PC) <= (PC) +
rel,
ecam (A)<(ad),
10 (C) <=1,
mHaue (C) <=0

MopiBHAHHA akymynsTopa 3
KOHCTaHTOO i nepexig, AKLWO He
AOPIBHIOE

CJNE A #d,rel

10

(PC) <= (PC) + 3,
ecnm (A)<>#d,
10 (PC) <= (PC) +
rel,
ecam (A)<#d,
10 (C) <=1,
mHaue (C) <=0

MopiBHAHHA pericTpa 3 KOHCTAHTOM i
nepexig, AKWO He AOPiBHIOE

CJNE Rn,#d,rel

10

(PC) <= (PC) + 3,
ecnm (Rn)<>#d,
t0o (PC) <= (PC) +
rel,
ecnm (Rn)<#d,
10 (C) <=1,
mHaue (C) <=0

MopiBHAHHA 6aiTa B PM/, 3
KOHCTaHTOO i nepexig, AKLWOo He
AOPIBHIOE

CJNE @Ri,#d,rel

10

(PC) <= (PC) + 3,
ecau ((Ri))<>#d,
10 (PC) <= (PC) +
rel,
ecaun ((Ri)) <#d,
10 (C) <=1,
nHaue(C) <=0

[oBruii BUKAKK nignporpamu

LCALL ad16

12

(PC) <= (PC) + 3;
(SP) <= (SP) +1
((SP)) <= (PC0_7);
(SP) <= (SP) +1
((SP) <=
(PC8_15);
(PC) <= ad16
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(PC) <= (PC) + 2;
(SP) <= (SP) +1

A6CONOTHNI BUKAVMK NignNporpaMu B ((SP)) <= (PCO_T);

. ACALL ad11 6 (SP) <= (SP) +1
Mexax cTopiHku B 2K6 (SP)) <=
(PC8_15);
(PC0_10) <= ad11
(PC8_15) <=
((SP));
MoBepHeHHs 3 nignporpamu RET 1 (SP) <= (SP) -1

(PCO_7) <= ((SP));
(SP) <= (SP) -1

(PC8_15) <=
. ((SP);
nOBepHeHHﬂnZ n;p,:;;:;ia;mm 06pobku RETI 1 (SP) <= (SP) — 1
pep (PCO_7) <= ((SP));
(SP) <= (SP) -1
nycra kKomaHga NOP 1 (PC) <= (PC) +1

JloBruii nepexing

Ilepexim 1O BCHROMY aapEeCHOTO MPOCTOPY Mam'sTi mporpam. Y
KOMaH/I MICTHThCA TMOBHHUI 16-OiToBy anpecy mnepexony (adl6).
TpexOaiiTHHEe KOMaHAM JOBrOTO Mepexoay MicTsaTh B MHemokon OykBy L
(Long). Bcworo icHye naBi Taki xomaHmu: LIMP — nmoBruii mepexin i
LCALL — pmoBrumii BUKIHMK miamporpamMu. Ha mpakTuii pigko BWHHUKAE
HEOOXiZAHICTh MEPEXOy B MEXax BCHOTO aIpecHOro MpocTopy, i yacTiiie
BHUKOPHCTOBYIOTECSI YKOPOUEHI KOMaHIIM IEpPexXoy, 110 3aiMaloTh MEHIIE
MICIIS B ITaM'SITi.

AOCOTIOTHHH mepexin

Iepexin B Mexxax onHi€l CTOpiHKK maM'sTi mporpam posmipom 2048
OaiiTiB. Taki komaHAW MICTATH, TUTbku 11 wMojommmx OiTiB agpecH
nepexoay (adll). Komanam abcomioTHOTO mepexofy MaioTh Qopmar 2
Oaiita. [loyarkoBa OykBa MHemokonma — A (Absolute). IIpu BukOHaHHI
KOMaHIX B PO3PaxyHKOBOMY aJpecy HACTYIIHOI MO HOPSIKY KOMaHAM
(PC) = (PC) + 2) 11 momommmx OiTiB 3amiHIOIOTECS Ha adll 3 Tima
KOMaHAH a0COJIOTHOTO MEPEXOy.

BignocHuii nepexin

KopoTkuii BimHOCHHI Mepexix MO3BOJSAE TEPEAaTH YIPABIiHHSI B
Mexax Bim - 128 mo +127 OGaiiT momo aapecu HACTYMHOI KOMAaHIU
(xomanmu, HactynHoro mo mopsiiky 3a KOMaHIOI BiTHOCHOTO HEPEXO.Y).
Icaye ogHa KOMaHAa KOpoTKOTO Oe3ymoBHOTO Niepexony SIMP (Short). Bei
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KOMaH/J{ YMOBHOTO TEPEXO0Jly BUKOPHCTOBYIOTH JaHWW METOH ajpecarfii.
BigrocHuit agpeca nepexony (rel) MicTUTBCS B IpyroMy OaiiTi KOMaHIH.

Henpsimuii nepexin

Komanma JMP @ A + DPTR nos3Boinsie mepemaBaT YIpaBlliHHS 3a
HEMPSIMHAM aPECOI0.

IIss xomaHma 3pyyHa THM, IO HAMA€ MOXJIHMBICTH OpraHizarlii
MEPEexXo.y 3a aJ[pecoro, 0OYMCIIOBAHOMY CaMOI0 MPOrPaMOI0 i HEBIIOMOMY
P HAITUCAHHI BUXiTHOTO TEKCTY MPOTPaMHu.

YMoBHI nepexoau

CucremMa yMOBHUX TMEPEXOJiB HAJa€ MONJIMBICTh 3iHCHIOBATH
pO3raiyXeHHs 32 HACTYIIHUMU YMOBaMH: aKyMYJIATOpP MICTUTh HYyIb (JZ),
BMICT akymyjsTopa He mopiBHIoe Hymto (JNZ), mepeHeceHHsS IOPiBHIOE
omuaumi (JC), mepenecennst mopisHioe Hymio (JNC), ampecoBanuii Oir
nopisHtoe oauawmii (JB), anpecoBanwuii 6iT mopisHIo€e Hymto (JNB).

Jns  opraizamii mporpaMHUX ITUKIIB 3pYyYHO KOPHUCTYBATHUCS
koMagnoo DINZ. Sk nmidmipHUKA IUKIIB MOXKE BHKOPHCTOBYBATHCS HE
TINBKM PETIiCTp, aje 1 MpsMO-aapecyeThcs OalT (HampuKIal, OCepeioK
PE3UICHTHOI MaM'ATi JaHUX ).

Komanma CINE edekTuBHO BHKOPHCTOBYETHCS B MPOIEAypax
ouikyBaHHs sKOi-HeOy b moaii. Hanmpukian, komanga WAIT: CINE A, PO,
WAIT Oyne BuUKOHYBaTHCA 1O THX Hip, HOKM Ha JiHisAX nopry O
BCTAHOBHTHCS iH(GOPMAILis, IO 30iraeThCs 3 BMICTOM aKyMyJISITOpa.

Bci komannn manoi rpymwm, 3a BuATKOM CJINE 1 JBC, He pobmnsaTs
BBy Ha mnpanopu. Komannma CINE Bcranomioe mpamop C, AKmio
nepmuii onepanja BuUsBIsAeThCs MeHuie apyroro. Komanma JBC ckupae
npamnop C B pasi mepexoy.

Hinnporpamu

Jlis  3BepHEHHs [0 MiANporpaM HEOOXiJHO BUKOPUCTOBYBaTH
koMauu BukiiKy mignporpam LCALL i ACALL. 1li komanau Ha BimMiHy
Bin komaHn mnepexony LIMP i AJMP 30epiratotb B CTEKy ajapecy
MOBEpHEHHS B OCHOBHY mporpamy. J[is moBepHEHHS 3 MigIporpamu
HeoOximHo BukoHaTu komaHmy RET. Komanma RETI BinpizusieTbes Bix
komaHmyd RET TuM, 1o 103BoJIsie IepepuBaHHs 00CIyTOBaHOTO PiBHS.

B.7 Onepauii 3 outamu

BinminHor0 ocobnuBicTiO Aanoi rpynu komana (Tadmuus B.7) € te,
II0 BOHM OTIEPYIOTh 3 OJHOOITHUI omepaHIaMu. B SKOCTI TakUX OTepaHIiB
MOJKYTh BHCTYIATH OKpeMi OITH JESKHX PETICTPIB cremiatbHuX QYHKIIH 1
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MOpTiB, a TakoXK 128 mporpaMHUX MpamopiB KOpUCTyBaya. [CHYIOTBH
komanmu ckumanas (CLR), ycranoBku (SETB) i imBepcii (CPL) 6i-ToB, a
TaKoX KOH'IOHKLII 1 JIM3'fOHKUil Oita 1 mpamopa TepeHEeceHHs. s
aapecanii 0i-TOB BHUKOPHCTOBYETBCS MNPSIMHH BOCBMH3ApsAHUHN aapeca
(bit). Hemmpsima agpecartist 0iTiB HEMOXKITABA.

Tabmuus b.7 — I'pyna komaH omnepariiit 3 6itamu

Ha3Ba komaHan MHemokop, T Onepaliis
CkngaHHs 6ita CLR bit 4 (bit) <=0
yCTaHOBKa NepeHeceHHs SETB C 1 (C) <=1
ycTaHoBKa biTa SETB bit 4 (bit) <=1
iHBepCisi NnepeHeceHHs CPLC 1 (C) <=1(Q)
iHBepcis 6iTa CPL bit 4 (bit) <= I(bit)
JloriuHe | 6iTa i nepeHeceHHs ANL C,bit 4 (C) <= (C) && (bit)

JNoriune | iHBepcii 6iTa i nepeHeceHHs ANL C,/bit 4] (C) <= (C) && !(bit)

JloriuHe ABO 6iTa i nepeHeceHHs ORL C,bit 4 (C) <= (C) | (bit)
Jloriune ABO iHBepcii 6iTa i nepeHeceHHs | ORL C,/bit 4 (©) <= (Q) || Ubit)
MNepecunaHHa 6iTa B nepeHoc MOV C,bit 4 (C) <= (bit)

MepecunaHHs nepeHeceHHs B 6iT MOV bit,C 4 (bit) <= (C)




