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1 BeedeHue 8 MUKPOMPOUECCOPHYIO MEeXHUKY

1.1 Knaccugbukayusi MUKpPOIpoueccopos

Muxponpoyeccop — 3TO TPOrPAMMHO YIIPaBIsEMOE YCTPOMCTBO, NPEIHA3HAYEHHOE
Ui 00paboTKK U(PPOBON MH(POPMAIIUK U YIPABIEHHS MPOIECCOM 3TOW 00pabOTKH, BBIOI-
HEHHOE B BUJIE OJHOW (MM HECKOJBKUX) HHTErPATLHON CXEMBI ¢ BBICOKOM CTEMEHBIO MHTETPa-
IIUH 3JIEKTPOHHBIX JIEMEHTOB.

Muxkpornpoliieccopbl MOXKHO pa3eIuTh Ha YeThIpe OONBIINX Ki1acca.

1.  VYHuBepcanbHblE MHKPOIIPOLECCOPHl — 3TO MHUKPOMNPOLECCOPHI A MHUKPOIIPO-
IIECCOPHBIX CHCTEM OOIIEero Ha3HAuYeHHUs. XapaKTepU3yIOTCs MOJHBIM HAaOOPOM KOMaH], pa3BU-
TOW CHCTEMOM aJipecaliiil, BLICOKUM OBICTPOACHUCTBUEM 3a CUET NMPUMEHEHUS] KOHBEHEepHOii 00-
paboOTKM KOMaHJ, CBEPXONEPATUBHON MaMSTH, BBHICOKOW TAaKTOBOM YacCTOTHI M Pa3psSAHOCTH.
VYHuusepcanbhbie MII opueHTHpOBaHbI Ha BBINIOJIHEHUE JII000T0 aJIrOpUTMa 3a MPUEMIIEMOE Bpe-
Ms U IPUMEHSIOTCS AJI PEUIEHUS ITUPOKOr0 Kpyra BEIUUCIUTEIbHBIX 3a/1a4.

2. OpHokpuctanbHble MUKPOOBM (MHUKPOKOHTPOJUIEPBI) — CIICIUATH3UPOBAHHBIC
IporpaMMupyeMble€ YCTPOMCTBA, MpeAHa3HauYeHHble A 3aaad ynpasieHus. MK crposrcs mo
rapBapJICKOM apXUTEKType, T. €. UX MaMATh POrpaMM U JAaHHBIX (U3NYECKH U JIOTHUECKH pa3-
nenenbl. B onnom kpuctamie MK npucyrctByer AJIY, naMsTh JaHHBIX, TaMsATh TPOrpaMm, re-
HEPAaTOp TAaKTOBBIX UMITYJIBCOB U MHOXECTBO Pa3HOOOPa3HBIX YCTPONCTB BBOJAA BHIBOAA, IPUUEM
Kak Jis mupoBbIX, TaK U JIJIs aHAJIOTOBbIX curHanoB. Yame Bcero MK xapakrepusyroTcs co-
KpalleHHbIM HabopoMm koMmaHJ. CuctemMa KOMaH]J OpUEHTHPOBAHA Ha 3a/laydl JIOTUYECKOTO aHa-
JU3a, YOpaBlIeHUS M PEeryJupoBaHUS B CHUCTEMax aBTOMAaTUKU. BHemnwuii uHTepdeiic npeaHa-
3HAUYEH AJIS IPSIMOTO MOJAKIIIOUEHUS K 00BEKTY, T. €. [IOCPEJICTBOM YCHIIMTEIbHBIX YCTPONCTB, HO
MUHYS YCTPOICTBA, BHIOIHSIONIUE JIOTHYECKYIO 00paboTKy 1 poBbix curHainoB MK.

3.  CurHanbHBIE MPOILECCOPHI WIH MHQPPOBBIE MPOIECCOPHl 00paOOTKH CHUTHAIA —
3TO CHENUAIU3UPOBAHHBIE MUKPOIPOILIECCOPHI, OPUEHTHPOBAHHBIE Ha 3a1add LU(POBOIA
¢unpTparyu B peanbHoM Bpemernu. L[ITOC nmeror cokpaiieHHbI HaOOp KOMaH] ¥ IMOCTPOCHBI
[0 TapBapJICKOW M CyIep-rapBapJICKOM apXWUTEKType. XapakTepHbl BCTPOCHHBIE MAMSTH IPO-
rpaMM M JJaHHBIX, a TaK)Ke HEKOTOpbIE yCTpoicTBa BBoJa-BeIBoAa. L{ITIOC oTnmyaroTcst oT yHU-
BepcadbHbIX MII HamuumeM OOBIYHO TpeX BBIYMCIUTEIBHBIX YCTpoHcTB: AJIY, yMHOXHUTEIS-
HaKomuTens, casurareis. [[pon3BoAUTEN HOCT CUTHAJIBHBIX MPOLIECCOPOB P PELICHUM CIIe-
LUAaJbHBIX 33/1a4 CYIIECTBEHHO MPEBBIIIAET MPOU3BOAUTENIBHOCTh YHUBEpcaabHbIX MII 3a cuer
NapajieIbHOTO BBITOIHEHUS OTEpalldii ¥ OJTHOBPEMEHHOM MEePECHUIKH Pa3HO MHPOPMALIUH IO
OT/IEJIbHBIM MAarucTpajisiM: IIMHAM aJipeca M JAHHBIX NaMATH MPOTPaMM U JAHHBIX U IIUHE pe-
3yJIbTATOB.

4.  TpancnptoTepsl — 3T0 crneuuaiabHbie MII ¢ cokparieHHbIM HAaOOPOM KOMaHT,
OpUEHTHUPOBAaHHBIE HAa KOMMYHHKAIMOHHbIE 3ahauu. CTpyKTypHO-JOrMYecKash OpraHu3alus
TPAHCTIBIOTEPOB MPOCTa. XapaKTEePeH pacUIMPEeHHbIN nHTepdeiic, mprucnocobIeHHbINH i ObICT-
poro oOMeHa JaHHBIMU [0 MHOTUM KaHajlaM OJJHOBPEMEHHO.

1.2 Obwue ceedeHusi o MukpokoHmporsinepam Microchip

dupma Microchip BeIyCKaeT IMUPOKHA CIEKTP 8-pa3psiIHbIX OJHOKPUCTATIBHBIX MHUK-
poxoHTposuiepoB. B nenprelimem st Bcex MK atoii ¢pupmbl OyIeT HCIONB30BaThCs KPaTKOe
HasBanue «PlC-koHTposuiepel». B Hacrosee Bpemsi cymiecTByeT 4detbipe cemeiictBa PlIC-
KOHTpOJUIepoB. KpaTko oxapakTepu3yeM KakJ0e U3 HUX.

1. PIC12 — mpocreiimue nenieBble MUKPOKOHTPOJIIEPHI B BOCBMHUBBIBOIAHBIX KOP-
nycax. O6iagaroT MUHUMYMOM BO3MOXHOCTEH, XOTs, B TIOCJIETHEE BPEMSI CEMEMCTBO TOMOTHH-
JI0OCh HOBBIMH MHKpOCXEeMaMH, cO BcTpoeHHOM FLASH-mamsThIO mporpamMm W aecsTUpa3psii-
HeIM ALIIl. OTo cymiecTBeHHO pacumupsieT Kpyr 3ajad, rJje MOTYT HallTM CBOE NpPUMEHEHHE
PIC12. Cucrema koMaHI BKJIHOYAT Beero 33-35 MHCTPYKIMHA B 3aBUCHUMOCTH OT KOHKPETHOTO
THUTIA.



2.  PIC16 — cpennee ceMeiCTBO MUKPOKOHTPOJIEPOB. BKiIFOUaeT MHOKECTBO MHK-
POKOHTPOJUIEPOB C CAMBIMU Pa3HOOOPa3HBIMH BO3MOKHOCTIMHU. [IpenHa3HaueHsl Uik MIUPOKOTO
Kpyra OTHOCHUTEIIHO HECIIOKHBIX 3a1ad. Haubonee pazButhie Moaenu ocHamiensl FLASH-TI3Y
nporpamM, MHOorokaHanbHbIM 10-paspsanueiv AL, 16-pa3psanbiM TaiiMepoM, TOIAEPKUBAIOT
HECKOJIPKO CTaHAAPTHBIX UHTEP(EHCOB U BKIIOUEHHS B BEIUMCIUTENLHYIO CeTh. B HacTosiee
BpeMs CEMENCTBO OBICTPO MOMOJHIETCS HOBBIMH MojensiMu. CUcTeMa KOMaHJ COBIAJAeT C ce-
metictBom PIC12.

3.  PIC17 — cemeiicTBO MHUKPOKOHTPOJUIEPOB C pacIiiMpeHHoN mnepudepueit. Otau-
YaroTCs OOJBIINM KOJIMYECTBOM IU(POBBIX BHIBOJIOB: OT 33 70 66, pacimpeHHO cHCTeMOi KO-
MaHJ u3 58 nHcTpykiuii. TakroBas yactora mosbimeHa 10 33 MI'. HekoTtopsie KOHTpOJIIEPHI
UMEIOT MOIIHBIE BBIBOJIBI C Harpy30uHoi crocoOHocThio 35 n paxe 60 MA. Ilamsts mporpamm
pacmmpsiercss 1o 65536 cioB mpu momomm BHemHUX MuKpocxeM [13Y. Mmeercs nBa Momayns
YCAIIII. Henocratkom siBisiercst otcyTcTBre BapuanToB ¢ FLASH-II3Y nporpamm. B Hacros-
1Iee BpeMs CeMeCTBO HE pa3BUBAETCS.

4. PIC18 — crapmiee cemeiictBo MuKpokoHTpoiuiepoB Microchip. CemeiicTBo
BKJIIOYAET IIMPOKOE MHOT000pa3ne MUKPOCXEM C pasHOOOpa3HBIMH BO3MOXKHOCTSIMU. Bce KoH-
TPOJJIEPHI OTIIMYAIOTCA YPPEKTUBHON CUCTEMOM KOMaHJ U3 7/ MHCTPYKLUH, BEICOKUM OBICTPO-
nevictBueM (taktoBas wactoTa 10 40 MI'). HanbGonee pa3BuThie MOJEIN UMEIOT OYCHb 0OOJIb-
10 00beM MaMsITH IporpaMM U mamsITi JaHHbIX — 128 Koaiit u 6onee 3,5 Kbaiit, cooTBeTCT-
BeHHO. KonmuecTBO mudpoBBIX BEIBOAOB JocTuraeT 68. Hanbonee pa3BuThie MOJEIN UMEIOT 16-
kaHanbHbeI 10-paspsanenii ALLL, anamoroBsle Kommapatopsl, Tpu 16-pa3psiiHbIX TaliMepa, 1Ba
monayist YCAIIIL. ITamsaTe mporpamMm B CTaplIUX MOJACNSIX pacuiupsiercs. B Hacrosiee Bpems
CeMeHNCTBO OYpHO pa3BUBACTCSI.

2 OcHoeHble xapakmepucmuku MK PIC16

PIC16 mpexacraBmsieT co0oil ceMeMCTBO 8-pa3psiTHBIX OJHOKPUCTAIBHBIX MHUKPOKOH-
TposuiepoB. YmpomieHHas cTpykrypHas cxema MK PIC16F628 nokazana Ha pucynke 3.1. Kak
Bce MUKpOKOHTpoJuiepsl, PIC16 mocTpoeHsl Mo rapBapACKOi apXUTEKType. DTO 03HAYaeT, YTo
naMsTh TPOTPaMM H JaHHBIX (DU3UYECKH W JIOTUYECKHU pa3lieieHbl. Kaxkoe u3 3amoMUHAIONIIX
YCTPOMCTB MpeCTaBiIsAeT cOO00M OTIenbHbIN y3en. OOpalleHne K HUM MPOU3BOJUTCS Pa3HbIMU
crocobamH.

[TamsaTe nporpamm BeinosHeHa B Buje [13Y, B HacTosiiee Bpems daiiie BCEro AJIeKTpu-
yecku ctupaemoro (II3Y tuna FLASH). ITIT umeet 14-0uTHYIO OpraHM3anuio; Kaxaas sdeika
(cmoBo) BMeraer oany koMmauay. O6wseM Bapsupyercs oT 512 o 8192 cios. Hapammsanue ITIT
npu nomomu BHemHUX BYIC HeBo3moxHO. Bo muorux MK III1 sBisiercs nporpaMMHO 1OCTYII-
HOM ISl YTEHUS WU aXKe 71l YTeHUs U 3aIUCH.

[TamsTh maHHBIX TpeacTaBiIsieT coboit Habop peructpos. Ux xomudecTBo oT 24 mo 368.
Kpowme ITIT u ITJ] maorue MK cemeiictBa nmeror BctpoerHoe DIITI3Y ganHbIXx 00beMOM OT 64
no 128 Gaiir.

[Ipexxne yeM  MPOJOMIKUTH  PACCMOTPEHHE OCHOBHBIX — Xxapakrtepuctuk PlC-
KOHTPOJUIEPOB PA3BSICHUM TOHATHS MANIMHHOTO TAaKTa W MAIIMHHOTO NUKIA. J[murensHOCTh
MAWUHHO20 MaKkma — 3TO €IMHUIA TUCKPETHOTO BPEMEHH, KOTopas 3a7aeTcs TaKTOBBIM T'€He-
paTopom. JIpyrumu cioBaMH, MAalTUHHBIA TAKT — 3TO MEPHOJI TAKTOBBIX HMITYJIbCOB. Mauiun-
HbIM YUKIIOM HA3BIBAIOT MPOLIEYPY U BpeMs OJHOT0 OOMEHa Mpolieccopa ¢ BHEIIHUM YCTPOMCT-
BOM. MallMHHBIN MK COCTOUT M3 HECKOJIBKHMX MAIIMHHBIX TakToB. [IpumenutensHO kK PIC-
KOHTpoJiepaM OyZeM Ha3bIBaTh MAlIMHHBIM IIMKJIOM WHTEPBAJl BPEMEHH, PaBHBIM YeThIpEM Ma-
IIMHHBIM TakTaM. lHa4e roBopsi, MAIIMHHBIN ITUKI — 3TO BPEMsI BBIIOJIHEHUS OJTHOW KOMAaH/IbI,
HO HE KOMaH bl Ilepejauy yIpaBieHHs, KOTOpas BBIMOIHIETCS 32 JIBa MAIIMHHBIX [IHUKIIA.

B nmanpHelimmem damie Bcero mpeamnojaraercs, yTo TakToBas dactota MK cocraBnsieT
20 MI'1 u, ciaeqoBaTenbHO, UIMTEIBHOCTh MamHHOro nukiia 0,2 Mxc.

Cuctema xomann PIC16 cokpamiennas. (RISC-apxutektypa). ITockonbky Habop Ko-
MaHJl TECHO CBSI3aH C apXUTEKTYPOH KOHTPOJIIEPa, TO TOBOPST 00 apXUTEKTYpE C COKpALICHHBIM
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nabopom komanj (RISC-apxurtekrype). s RISC-apXuTeKTypbl XapakTepHO HEOOBIIOE KOJIH-
yectBo KoMau (06eraHO oT 30 10 100), MHHMMAaIBbHAS JUIHHA M KaK CIIEACTBAE MHHHMAJIBHOE
BpeMs BbITIONTHEHUsT KoMaH Ibl. Cructema komany PICL16 Bximrouaer 37 uHcTpyKuuii. Bece komaH-
Il IMEET OJJMHAKOBYIO UIMHY — 14 6aliT ¥ 3aHMMAalOT OJJHO CIIOBO MaMsATH mporpamm. Bee ko-
MaH/Ibl, KpOM€ KOMaH]I Mepefadyu YIpaBJeHHUS BBITIOJHSIOTCSA 32 OJUH MaluHHBIN muki. Ko-
MaHAbl Tepeauyd yOpaBleHUS — 3a JBa MAIIMHHBIX IUKIa. TakToBas dYacToTa JOCTHTaeT
20 MI'u. /IimTensHOCTh MAIIMHHOTO IMKJIA PaBHA YETHIPEM MEPHO/IaM TaKTOBOM YacTOTHI U CO-
ctasisier 200 He.

KonnuecTBo IuHKMI MOPTOB BBOA-BhiBo/Ia Bapbupyetcs oT 13 1o 33 (PIC16CI9xxX ume-
et 52 nuHum).

MK cewmeiictBa PIC16 MoryT ocHamaThcs pasHOOOpa3HbBIMH TIepUpEpUHBIMU YCTPOK-
ctBamu. [lepeunicnum Hanboee pacnpocTpaHeHHBIE.
ALIT paspsinrocthio 8, 10 6uT (4rcio kaHayios 10 8);
aHaJIOTOBbIE KOMITapaToOPHI;
MPOTrpaMMHUPYEMbI HCTOYHUK OMOPHOTO HAIPSIKEHUS;
MOJyJIM 3axBaTa-cpaBHeHus U [LINM;
oJuH 16-pa3psaHblii 1 1Ba 8-pa3psAaHBIX TaiiMepa-cueTyrnKa, CTOPOXKEBOH Taiimep;,
aeKTpuuecku nepenporpammupyemoe [13Y nanHbIx;
YHUBEPCATBHBIN CHHXPOHHO-aCHHXPOHHBIHN npuemonepenarynk (Y CAIIIT);
MOJIYJTU TIOIJICPYKKH UHTEP(helcoB IZC, SPI:
napajuieNbHbIA BeoMbIid iopT PSP.

Hexkotopsie Tuner MK umMeroT ciienyronue nepudepuitHbie yCTpOUCTBa!

12-pa3psansiit AL,
8-paspsansrit [IAIT;
Moy untepgerico LIN u USB;
Moayib ynpasienus KK
OTIEpAIMOHHBIN YCHIIUTENb.

©COoONOUA~WNE

agrwnE

2 Cmpykmypa mukpokoHmpousnepa PIC16F628

Ha pucynke 2.1 mokazaHa ympolleHHasi CTPYKTypHash cXeMa MHUKPOKOHTpoJuiepa
PIC16F628. B menom oHa COOTBETCTBYET CXeMe, MPUBEACHHON B TEXHUYECKOM ONHUCAHUU [7].
31ech U3 CTPYKTYpPHl UCKITIOYEHBI TAKTOBBIM F€HEPATOp, y3JIbl, OTBEYarolye 3a (opMUPOBaAHUS
CUTHAJIOB cOpoca U JpYrue 3JIEMEHThI, KOTOPhIE HE Ba)KHbI /I IOHUMAaHUSI OCHOBHBIX MPUHIIM-
noB paboThl KOHTposuiepa. KpoMe Toro, moka3aTh Ha CXeMe CBSI3b MEPEUYHCIECHHBIX Y3JIOB C OC-
TaJbHBIMU 3JIEMEHTAaMH KOHTPOJUIEpA NPECTABIAETCS KpailHe 3aTpyIHUTEIbHBIM.

OcnoBy MK cocraBiasioT mnamsaTh MOporpamMM, MaMmsATh JaHHBIX U apu(MeTHKo-
joruyeckoe ycrporctBo (AJIY). PaccMoTpuM B3auMojieiicTBHE y3JI0B KOHTPOJUIEPA, OMHPAsCh
Ha CTPYKTYPHYIO CXEMY.

Bribopka odepenHoil KOMaHABI U3 MaMATH MPOTPaMM MPOU3BOAMTCS IO AApeECy, Xpa-
HUMOMY B CUETYHMKE KOMaHA. AJlpec nepeaaercs U3 cuetunka no 13-paspsanoit mune. CueTyuk
KOMaH] UMEET JBYHAIPaBJICHHYIO CBs3b CO cTekoM. OHa HeoOXoauma ISl 3arpy3Ku 3HAYCHHS
U3 CTE€Ka W JJI COXPaHEHHUs B CTEK ajpeca Bo3BpaTta. KpoMe TOro, cueTunk KOMaH7 MOXKET 3a-
rpyxatbcst uHpopmanmeit u3 I1J], mocrynaromieii mo 8-pa3psiiHoii MHE TaHHBIX.

Komanzga BeiOupaeTcst U3 maMsTy MporpamMM U 3allleIKUBAETCS B PeTUCTpe KoMaHI. 14-
paspsiiHas KOMaH/a MoCTyIaeT Ha AemudpaTop KOMaHI U YCTPOHMCTBO yrpasieHus. Kpome To-
ro, 7/ OUT U3 aApPEeCcHOM YacTH KOMaH[bl MOCTYNAIOT HAa BXOJ MYJIbTUILIEKCOpa aapeca, U 8-6ut
yepe3 MyJIbTUILIEKCOp Ha Bxoa AJIY.

Paccmotpum paboty apudmMernko-morudeckoro ycrpoictsa. Ha Bxox AJIY mocrynaror
nBa onepanaa. OIUMH W3 HUX BBIOMpAeTCs M3 aKKyMyJsaTopa M He TpeOyeT ykasaHHs ajpeca.
Jlpyroit moctynaet ¢ Bbixoaa myabruruiekcopa (MUX). MynbTHILIIEKCOpP BBITOIHSAET ()YHKITUFO
KOMMYyTaTopa, 1ojiaBasi Ha oAuH U3 BXxoaoB AJIY nmubo mHpopManuio U3 maMsaTH JaHHBIX (10
IIMHE JTAHHBIX), TU00 U3 MaMsITH IporpamMm. B mepBoM ciydyae HCTOUHMKOM HH(OpMAIIUU SBIIS-
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ercs peructp 111, agpecyeMslil IpsIMO WJIM KOCBEHHO, BO BTOPOM — 3TO HENOCPEICTBEHHO aj-
pecyemasi KOHCTaHTa, COJIEPIKAIIASACSA B AAPECHON YaCTH KOMAH/IBI.

WNudopmanus Ha Beixonae AJIY HampaBiseTcs B MaMsATh JaHHBIX WM B aKKyMYJIATOP B
3aBUCHMOCTH OT 3HaueHus MoaudukaTopa d.

PaccMotpum miporiecc BEIOOpKH MHGOPMAITUU U3 TAMSTH JaHHBIX. KiFoueBbIM MOMeEH-
TOM 3/1eCh SBJISIETCS (OPMUPOBAHUE ajipeca. AJpec siUeiKu maMaTH GOPMHUPYETCS MYJIbTHILIECK-
copom azpeca (MUX ampeca) u umeer paspsaaHoCTh 9 OUT. My IbTHIUIEKCOD CITY)KUT JIJIs BBIOOpa
UCTOYHMKA ajipeca. Apec MOXKET M3BIICKAThCsA U3 aJPEeCHON YacTh KOMaHjbl (Ipsmas aapeca-
1s1) WK U3 peructpa ykaszarenas FSR (kocBennas aapecanus).

Jloctyn k mepudepuitHbIM yCTpoicTBaM KOHTpoiepa (M300paXkeHbl B HIDKHEW 4acTH
CXGMBI) OCYHICCTBJIACTCA YCPE3 INMHY JAHHBIX TaMATH JaHHBIX.

ITamsartse 13 1lIluHa JaHHBIX TAMATH JAHHBIX
nporpamm | C‘{eT‘{I/IIi KOMaH]I € ¢
" 13 [TamsTh
WHa JAaHHBIX v
14 JIAHHBIX
aMsTH TIPOrPamMM Crex
A4 9 8
Peructp
KOMAaH]I / MUX ajpceca \
’ 7 A A
Kocsennas
Tpsmas aapecauust 8 anpecauns
Perucrp-ykazatens | R
(FSR)
8
HenocpencteenHo aapecyemast i, l, Cognepxumoe peructp I1/]
KOHCTaHTa (IpsIMO HIJTK KOCBEHHO
14 MUX aJIpecyemMoro)
N4
HemmdpaTop \/ 3 Peructp
KOMAaH/I 1 Aﬂy COCTOAHUA |« >
YCTPOMCTBO (STATUYS)
YIPABJICHUS 8 (d=1)

(d=0)

y

Axkymymsitop (W)

[TopT A [Topt B Taiimep O | | Taiimep 1 | | Taiimep 2

! { { { {
{ ' ¢ {

SHII3Y Komnapatopsl Hcrounuk Monayns
AaHHBIX OIIOPHOT'0 3axBara- YCAIIIT
HaIPSKEHUS CpPaBHEHUS

Pucynok 2.1 - YnpomeHnHasi CTPyKTypHasi cxeMa MHKpoKoHTpo.siepa Pl C16F628



3 MUKpOKOHmpOﬂﬂep C MOYKU 3PeHUs rnpozpaMmmucma

Cocrasiisist mporpamMmy JIJIsi MUKPOKOHTPOJUIEpa, POTPaMMUCT abcTparupyercst OT Bee-
r0 MHOT000pa3usl 3JIEMEHTOB MHKPOKOHTpOJUIEpAa U UMEET JEJIO JIMIIbL C CHCTEeMOW KOMaH] U
OTPAaHWYEHHBIM YHCJIOM PETHUCTPOB. DTHU PETHCTPHI XapPaKTEPU3YIOTCS TEM, YTO UX UMEHA WIA
HOMepa (aapeca) MOTYT IPUMEHSTHCS B IPOTPaMMe, a COIEPIKUMOE PETUCTPOB MOXKET OBITH M3-
MEHEHO WJIH MPOYUTAHO C TIOMOIIBIO COOTBETCTBYIOIUX KOMAH]T.

CrnenoBaTenbHO, ¢ TOYKH 3PEHUS MPOTPaMMHUCTa MUKPOKOHTPOJIIEP MPEACTABISIET CO-
Ooli cucteMy KOMaH] U HaOOp PETUCTPOB, KOTOPBIE KAKUM-TO 00Pa30M CBSI3aHBI C OCTATHHBIMHU
a1eMeHTaMu KoHTpouiepa. COBOKYITHOCTh PETHCTPOB, JOCTYITHBIX MPOTPAMMHUCTY, Oy/1eM Ha3bl-
BaTh «IPOTrPAMMHUCTCKON MOJIETIBIO0 KOHTPOJIIEpa».

Cewmeiicteo MK PIC16 BkiIrO9aeT MHOXKECTBO MPEICTABUTENEH, OTINYAIONINXCS CBOU-
MU BO3MOXXHOCTSIMHU. [IpuBecTtu 0OmIyr0 MOJenb, crpaBemiuByo s Bcex MK cemelicTsa,
CJIO’KHO, TTOATOMY 3/I€Ch PACCMaTPUBACTCS OJIMH M3 CaMbIX COBPEMEHHBIX U B TO YK€ BPEMs IPO-
cteix TunoB PIC16F628. Best mpeuiaraemast nHbopmanus Kacaercsi TOIbKO 3Toro tuma. Jpyrue
MHUKPOKOHTPOJIJIEPHI ATOTO CEMEWCTBAa MMEIOT HEKOTOPHIE OTJIWYHS, HO OCHOBHBIC MPHUHIIMIIBI
opraHu3aiuu octarTcs odummu st Bcex MK cemelicTsa.

3.1 OpeaHu3zauyus namsmu

[Tamse MK PIC16 BxiTtodaeT maMsaTh nporpamm, namMsath ganHbix u D113V naHHBIX.
[Ipn onucanuy IpPOrpaMMHUCTKON MOJAENU pedb MOWIET TOJBKO O MaMSTH AAHHBIX, T. K. JIUIIb K
MaMsTH TaHHBIX BO3MOKEH JIOCTYI HETOCPEICTBEHHO MpH Mmomoly koMmaHa. OOpalieHue K ma-
Mt iporpamm B PIC16F628 BooOmie HeBo3MokHO, a obpamenue k I3V gaHHBIX mpon3Bo-
JTUTCS Yepe3 CBSI3aHHBIE C HUM PETUCTPHI CIIEIUAIBHBIX (PYHKIIHI, TOITOMY €ro CKOpee ClIeTyeT
OTHECTH K nepudepuiineiM ycrpoiictBam MK.

Jlnst 00603HaueHus ssyeiiku maMatu ganaeix B MK Microchip npunsito aberpakTHOE OI1-
peneneHue «peructp». Bee sdeiiku mamsTM Ha3bIBAIOTCS PErMcTpaMy HE3aBUCUMO OT BBINOJ-
HSieMBIX (QYHKIMNA. Bce peructpsl sSBISIOTCS paBHONPABHBIMH Mexay coboi. T. e. mobas ko-
MaH/1a, CIIOCOOHAsE 00paIaThCst K PETUCTPY, MOXKET 0OPaTUTHCS K JIIOOOMY PETUCTPY, HO TOJIBKO
B Ipejienax Tekymiei ctpanuibl [1]] (cM. Huke).

Kaxplii peructp uMeeT CBOW MOPSIKOBBIA HOMEp (axpec), KOTOpBIH yKa3bIBaeTcs B
KOMaHjie, JUIsl TOro 4yToObl ccbutathes Ha peructp. [1]] paznenena Ha crpanunsl o 128 anpecos.
B kaxxaplii MOMEHT BpeMeHH BbIOpaHa OJlHa M3 CTPAHUIl, H, COOTBETCTBEHHO, BO3MOXXHO 00pa-
IIEHKHE K PErUCTPaM TOJIBKO BHIOPAHHOM (TEKyIIei) CTPaHHMIIBI.

00h Peructpsl 80h Peructpsl 100h Peructpsl 180h Peructpst
crenuaIbHbIX CHeraIbHbBIX CHeuaIbHbIX CHeIHATbHBIX
1Fh GbyHKIUH oFh GbyHKINH 11Fh byHKINH 19Fh GhyHKIHT
20h AOh 120h Peructpsi 06- 1A0h
IIero Ha3Have-
Peructpst .
o011ero Ha- 14fh | 1w (48 Gaiir) Du3nIECKU
Perucrpor 3HAYCHUS 150h OTCYTCTBYIOT
o01ero Ha- (80 Gaiir) Duznyecku
3HAUYCHUS OTCYTCTBYIOT
(96 Gaiir) EFh 16Fh 1EFh
Foh OTto0OpaxkaroTcst 170h OtoOpaxarorcs 1FOh OtoOpaxarorcs
Ha azipeca Ha ajpeca Ha azipeca
7Eh FEh 70h—7Fh 17Eh 70h—7Fh 1FFh 70h—7Fh
Crpanura 0 Crpannma 1 Crpannma 2 Crpanuma 3

Pucynok 3.1 — Cxema opranuzanuu namsatu 1anasix B MK PIC16F628

KomunuectBo ctpanun [1J] B PIC16F628 vetripe, kak u B 6oabmmHcTBE MK 3TOTO Ce-
MelicTBa. B mmaammx mozensx, oomanatonmx [1/] MeHbIiero oobema, nmaMsth pa3ouTa Ha JIBE
CTPaHHIIBI.



Pasnuyaror nBa TMma peructpoB: peructpbl obmiero HazHaueHuss (POH) m peructpsr
crnenuanbHbix GyHknui (PC®). POH ciyxat aas XpaHeHHs JaHHBIX U MOT'YT HCIIOJb30BaThCS
1o ycMoTpeHuto nporpammucta. PC® npennasznauens! i ynpasienus padoroit MK. Kaxasrit
PC® cBs3an ¢ TeM Wi MHBIM Y3JI0M Wi niepudepuitieiM ycrpoiictBom MK. 3anuch B Takoi
pEerucTp MOXKET IPOU3BOAUTHCS TOJIBKO C LIEIbI0 BO3/AEUCTBUS HA YCTPOICTBO, C KOTOPHIM JaH-
HBII perucTp cBsizaH. TeM He MeHee, KaK yxke OblIIO CKa3aHO BBIIIE, BCE PETUCTPHI PABHOIIPABHHI.
O6pamenne k POH u PCO npous3BoauTCst OJHUMHU U TEMHU KE KOMaHIaMHU.

Paccmotpum cxemy agpecnoro npoctpanctsa I1/] 8 MK PIC16F628 (cm. pucynok 5.1).
Ha pucynke n3o00pakeHbl yeTbipe cTpaHullbl. Kaxkas crpaHuia mpeacTaBisieT coboil 010k u3
128 anpecoB. Aznpeca Ha pUCYHKE 3alKCaHbl B IIeCTHAAIATepU4HON (opme. Peructpsl crenu-
IBHBIX (DYHKIMN pacrpesieeHbl 0 BCEM YEThIPEM CTPAHMIIAM U 3aHUMAIOT muaamue 32 aupe-
ca Ha kaxpaou. Hekoropelie aapeca I1/] He cBs3aHbI ¢ du3mveckuMu peructpamu. Hampumep,
(bu3uUecKn OTCYTCTBYIOT perucTpbl ¢ aapecamu ¢ 150h mo 16Fh. A aapecam ¢ FOh mo FFh B
JEHCTBUTEILHOCTH COOTBETCTBYIOT peructpel 70n—7Fh mynesoii crpanumpsl namstu. O603Ha-
YEHHOE TIPOCTPAHCTBO PETHCTPOB CIEMUANBHBIX (DYHKIMIA TOXE Ha CaMOM JIeJie 3aHATO He MOJ-
HOCTBIO.

Pa3bsicnuM HazHaueHue cTpaHul] mamsaTH. CTpaHUYHAsT OpraHU3aIus namsTi 00yCIIOB-
JIeHa Pa3PSUTHOCTBIO aPECHOM YacTH KOMaHmbl (CM. HIDKE), KOTOpAs B CBOIO OYepeb OTPaHH-
YUBAETCS JJIMHOW KOMaHIbL. J[eo B TOM, 4TO MOJ aapecHylo 4acTh Bcex komana PIC16 otso-
ISITCS CEMb JIBOWYHBIX pa3psanoB. [Ipu Takoil pa3psaHOCTH BO3MOXKHO OOpallleHHE JHIIb K
2'=128 perncrpam. IT09TOMY peanbHBIHA aIpec PEericTpa CKIaABIBACTCS U3 CEMH OHT, COIepKa-
HIMXCS B aJIPECHOM YacTH KOMaHbl, U JTBYXOMTHOTO HOMEpa CTpaHUIlsl. B neiicTBuTensHOCTH
POH 20h u AOh umeroT omun u ToT *xe anpec 20h, T. K. IMEHHO 3TO YHCJIO YKa3bIBAaeTCs B ajI-
pecHO yacTH KoMaHAbl. OJJHO3HAUYHO PETUCTP UACHTU(DULUPYETCS apeCHON YacThbi0 KOMaH/IbI
B COBOKYITHOCTH C HOMEPOM TEKYIIeH cTpaHHIbl (cM. pucyHOK 3.2). OO0Ias pa3psaHOCTh paBHA
JIEBSTH, YTO TO3BOJIIET aJ[PECOBaTh 2°=512 PETHCTPOB.

8 | 7 6| 5|4 13210
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Howmep ctpa- AJnpecHast 9acTh KOMaH/IbI

HUIIBI TAMSTH

Pucynok 3.2 — ®opmMupoBaHue ajipeca perucrpa

Ha pucynke 3.3 nepeyncieHsl BCe PETHCTPHI CIICUATbHBIX (DYHKINN, C YKa3aHUEM HX
aJipecoB B MaMSTH JJAHHBIX. DTU CBEICHUS OyayT HEOOXOAUMBI B IajdbHEMIIIEM IPU COCTaBICHUU
IPOTPaAMM.

Cpemu PC® cnemyer ocobo Beiaenuth cyeturk komana PCL (agpec 02h), peructp co-
crosiaust STATUS (aapec 03h), peructp ykazatens FSR (agpec 04h), peructp kocBeHHO# anpe-
carnu INDF (agpec 00h). Dt peructpbl HanboIee YaCTO UCIOIB3YIOTCS MIPH COCTABJIEHUH TIPO-
rpamm. B 3TOM paznene peub MOHAET TOIBKO O MEPEYHCICHHBIX PETUCTPaxX CHEeIHaIbHBIX (YHK-
muid U 00 akkymyssitope, KoTopelii kK PCD He oTHOocuTCS. [[pyrue perucTpsl creruaibHbIX
GyHKIM, TpeaHa3HaYeHHbIe B OCHOBHOM JIJIS yIIpaBlieHHs epudepuitipivMu ycrpoiictBam MK,
OyIyT pacCMOTPEHBI MO3Ke B pa3jienax, MOCBSIIEHHBIX COOTBETCTBYIOMUM y3nam MK.

3.2 AKKymynssmop

Kpome POH u PC® umeercs emie oJuH NporpaMMHO JTOCTYIHBIH PETUCTP — PETUCTP-
akKymysiTop (paboumii perictp), Ha3bIBaeMblid Takxke peructp-W. AKKyMYJISITOp HCIIONIB3YeTCst
MHOTUMH KOMaHaMH KaK UCTOYHUK OJHOTO M3 ONepaH/IoB  (HJIH) IPUEMHUK pe3ysIbTaTa.

ey paszgen 4.



00 INDF 80 INDF 100 INDF 180 INDF
01 TMRO 81 | OPTION 101 | TMRO 181 | OPTION
02 PCL 82 PCL 102 PCL 182 PCL
03 | SATSUS 83 | STATUS 103 | STATUS 183 | STATUS
04 FSR 84 FSR 104 FSR 184 FSR
05 | PORTA 85 | TRISA 105 185
06 | PORTB 86 | TRISB 106 | PORTB 186 | TRISB
07 87 107 187
08 88 108 188
09 89 109 189
OA | PCLATH 8A | PCLATH 10A | PCLATH 18A | PCLATH
0B | INTCON 8B | INTCON 10B | INTCON 18B | INTCON
0oC PIR1 8C PIE1 10C 18C
0D 8D 10D 18D
OE | TMRIL 8E PCON 10E 18E
OF | TMRIH 8F 10F 18F
10 | T1CON 90 110 190
11 TMR2 91 111 191
12 | T2CON 92 PR2 112 192
13 93 113 193
14 o7 114 194
15 | CCPRIL 95 115 195
16 | CCPRIH 96 116 196
17 |CCP1CON 97 117 197
18 | RCSTA 98 | TXSTA 118 198
19 | TXREG 99 | SPBRG 119 199
1A | RCREG 9A | EEDATA 11A 19A
1B 9B | EEADR 11B 19B
1C 9C | EECON1 11C 19C
1D 9D | EECON2 11D 19D
1E 9E 11E 19E
1F | CMCON 9F | VRCON 11F 19F
Crpanuna 0 Crpanuna 1 Crpanumna 2 Crpanuna 3

Pucynok 3.3 — Peructpsl cnenuajJsHbIX pyHKIHA MUKpokoHTpoJiiepa Pl C16F628

Cucrema xomang MK cemeiictBa PIC16 He nmeeT AByXaJpeCcHBIX KOMaH]I — KOMaH]I,
UMEIOIIMX J[Ba omnepanaa. Eciau omepariyst mpeanosaracT UCIoib30BaHUE JIBYX ONepaHaoB (Ha-
pUMED, CII0KEHHUE), TO OJUH M3 HUX Pa3MENaeTCs B aKKyMyJIsSTope. AKKYMYJISTOp HE BXOIWT B
aapecHoe npoctpancTBo [1/] u agpecyercs TOIBLKO HESIBHO , T. €. CaM KOJI OTIepalliy MoIpa3yMe-
BaeT MCIOJIb30BAaHUE aKKyMYJISATOPA B KaYECTBE OJIHOTO M3 ONEPaH/JI0B WM B Ka4eCTBE MPHEM-
HUKa pe3yabTarta.

3.3 Cuemyuk KomaHO

CueTynk KOMaHJ COAEPKUT aJpec BBINOJIHAEMOW KOMaHIbl B MaMsiTH nporpamm. Ero
cojiepuMoe uctonb3yetcs anmaparypoid MK st urenust komana u3 II1. Cuetunk koMmaH[ aB-
TOMAaTHYECKU YBEJIMYMBACTCS HA €UHUILY B Hauaie Ka)JI0ro MallMHHOTO 1HUKIA, T. €. paKkTuye-
CKHM JI0 BBINOJHEHHUS KOoMaH[Ibl. [loaTOMy, €cnim KOMaHaa NMPOW3BOJIUT CUMUTHIBAHHE CUETUYMKA
KOMaH/I, TO OHa MOJIy4aeT aJIpec CIENYIOIEeld KOMaH/Ibl.

2Cm paszen 5.



Cuerank komang B MK PIC16 13-paspsiimbiif, 4To MO3BOISET anpecoBarh 10 2-=8192
CJIOBa MaMsATH MporpaMM. Miajimive BoceMb OUT CUEeTYMKAa KOMAaH] JOCTYIHBI 4Yepe3 PEeTUCTp
PCL (ampec 02h), crapmme nsate Oout cBsizanbl ¢ peructpom PCLATH (ampec OAh). Peructp
PCL moiHOCTBIO OTOXKAECTBISETCS C MIAAIIUM OalTOM CueTYMKa KOMaH/I, T. €. 3alUCh B HETO
NpUBEIET K HEMEIJICHHOMY N3MEHEHHIO CYeTYMKAa KOMaHJ U, KaK CIIEACTBUE, K N3MEHEHHIO T10-
psiiKa BBIMOJTHEHHUS KOMaHJ. Bo3MOXXHO Takke YTeHHe Miajlero 0aita cueTdyruka KOMaH ye-
pe3 peructp PCL. PCLATH sBnsercs Oydepom-3amienkoi s crapiieil 4acTH CYeTdrKa KO-
MmaHng. 3Hauenue u3 PCLATH nepenuceiBacTCs B CUETUYMK KOMaH JUIIL npu n3mMeHeHun PCL.
[Ipuuem peusb uzier He 00 aBTOMaTHYECKOM M3MeHeHUH Ipu BeiOopke u3 I1I1 ouepenHoit koman-
IIbl, 2 O MPOTPAMMHOM HM3MEHEHUHU TMPH MOMOIIM KOMaHJ Mepefadd ynpaBieHHUs WU 3allCH B
peructp PCL. Urenune crapmero 6aiita cuerynka komana depe3 PCLATH neBozmoxuo. UTak,
noctossHHas cBs3b Mexay PCLATH u crapmieit yacTpio cYeTdMKa KOMaH] OTCYTCTBYET. JTa
CBsI3b YCTAHABIIMBAETCS JIUIIH MPH MporpaMMHoM m3MeHeHur PCL U BbIpakaeTcsi B MepPEeChUIKe
coaepxumoro PCLATH B cTapuryro 4yacTh c4eTYHKa KOMaH]I.

CueTunK KOMaH/I

A

121110 9 | 8 716|543 2]1]|0

\ J \ J
Y Y
PCLATH PCL

Pucynok 3.3 — CueTYHK KOMAH/

Kpowme Toro, cymectByeT pazHuiia Mexxay usmeHennem PCL komaHmaMu mepechuikd U
HEINOCPEACTBEHHON 3alMchio B Hero 3HadueHus u3z AJIY, Hanpumep, KoMaHA0M mepechlUiku. B
MEPBOM Ccllydae B CUYETUYMK KOMAaHJ]| MEPEeNHCHIBAIOTCS JUIIb TPETHH M YETBEPTHIM OUTHI
PCLATH, a Bo BTOpoM city4ae NepenuchBalOTCS BCE MATh OUT.

Takol crnoXHbIN, Ha MEPBBIA B3I, MEXaHU3M M3MEHEHMsI CUETUMKAa KOMAaHJI COBEp-
HIEHHO HeoOXxoauM. Pa3psiHOCTh cueTurKa KOMaH/ MpeBbIaeT pazpsaHocts AJIY, u 3arpyska
€ro HOBBIM 3HAYEHHEM HEBO3MOXHA OJHOM KOMaHAOMW. 3arpy3Ka JAOJKHA MPOU3BOJUTHCS B JIBA
JTama. CHayajla, crapuias 4acTb, a 3aTeM mtaamas. [IpencraBum, 4To Ipu U3MEHEHHUH CTaplleH
YacTH MPOUCXOJUT (HaKTHUECKOE U3MEHEHHE CUETYMKA KOMaH/. DTO MPUBEIET K HEMEUICHHOMY
WU3MEHEHUIO MOCIEA0BATEIbBHOCTH BBINOJIHEHUI KOMaHA. Toraa cienyromas KOMaHaa, 3aluchl-
Balolasi MJIIIYIO YacTh, BBIMIOJIHEHA HE OyJeT. 3arpy3ka cueTYrKa KOMaH ] HY>KHbIM 3HAUECHU-
€M CTAHOBUTCS HEBO3MOKHOM.

CyeTurK KOMaH] 0TOOpakaeTcs Ha BCE CTPAHMIIBI ITaMATH, odTomy peructp PCL moc-
tynen o agpecam 02h, 82h, 102h, 182h, a PCLATH — o agpecam OAh, 8Ah, 10Ah, 18Ah.

3.4 Peaucmp cocmosiHusi

Peructp coctostauss STATUS conepxkut dnaru cocrosaust AJIY, dmarm ucrounmka
cOpoca u 6uthl BeiOOpa ctanun namsaT. Peructp STATUS nmoctyrieH Ha BcexX YeTHIpEX CTpaHU-

nax u umeeT aapeca 03h, 83h, 103h, 183h.

IRP|RP1|RPO| TO|PD| Z |DC| C

7 6 5 4 3 2 1 O
Pucynok 3.4 — Peructp cocrostnuss STATUS

[Tepeuncnum HazHaueHue 6utoB peructpa STATUS, HaunHas ¢ Mitaamiero:

but 0 (C) — ¢uar nmepeHoca st KOMaH/ CIIOKCHUSI U UHBEPCHBIN (par 3aema Juis Ko-
MaH]1 BeiunTanus. but ycranasnuBaercs B «1» komangamu ciaoxenus (ADDWF, ADDLW), ec-
J¥ B pe3ysibTaTe OINEPalldd IMPOU30IIEN MEPEHOC M3 crapiiero paspsaa (pe3yabTar OoJblie
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OFFh); nnaue copaceiBaetcsi B «O». bur cOpaceiBaercs B «0» komanaamu Berautanus (SUBWEF,
SUBLW), eciu mpowu3soiien 3aeM; HHade ycraHaBiuBaercs B «1». IIpu BeIMOMHEHUH Omepanuii
cnBura omnepanna BieBo (RLF) u Bnpao (RRF) 6ut 3arpyxaercs ctapiinM 1 MIaIIuM OUTaMu
oIepaH/ia, COOTBETCTBEHHO.

But 1 (DC) — ¢uar BerioMoraTensHoro nepexoca’. YcraHasiisaercs B «1» mpu mepe-
HOCE M3 MJIaJIIel TeTpapl (4eTbipe OUTa) B CTAPIIYIO U IIPH OTCYTCTBUU 3ae€Ma U3 CTapllei TeT-
panbl. MHaue ycranaBnuBaercs B «O».

bur 2 (Z) — ¢nar HyneBoro pesynbrara. YCTaHABIMBaeTCs B «1», ey pe3yiabTaT BbI-
MIOJTHEHUS JIOTUYECKOH, apr(pMeTHIECKOH onepaliy Win ONepaliuy MepecbUIKA PaBeH HYIIO.

but 3 (PD), 6ut 4 (TO) — ¢unaru ucrounnka copoca. [103BOIISIOT ONMpENeTUTh yCIIo-
BH€, BbI3BaBIIIee COPOC MUKPOKOHTpoILIepa. [TonpoOHO paccMaTpuBaThest He OYAyT.

but 5 (RPO), 6butr 6 (RP1) — OuThl BBIOOpa CTpaHMIBI MaMSITH AaHHBIX. Tabmuma 5.1
YCTaHABIMBACT COOTBETCTBUE MEXIY 3HAUCHHUSMH ITUX OUTOB U HOMEPOM TEKYIIEH CTpaHHUIIbI
HIaMSITH.

Tabmuma 3.1

RP1 RP2 Crpanuna I1J] Ne Anpeca T1]1
0 0 0 000h—07Fh
0 1 1 080h—0FFh
1 0 2 100h—17Fh
1 1 3 180h—-1FFh

but 7 (IRP) — o6uT BBIOOpa cTpanul [1/] npu kocBennoit aapecanun. |IRP=0 — noctyn
k crpanunam 0, 1; IRP=1 — nocrtyn k ctpanumam 2, 3.

3.5 Cmek

B obmiem ciyyae cmek mpencTaBisieT OO0 TPYIITY MOCIEA0BATEIHO MPOHYMEPOBaH-
HBIX PETUCTPOB (ammapaTHBIH CTEK) WK s4YeeK maMsaTH (MporpaMMHBIA cTek). B kaxmapiii Mo-
MEHT BpPEMEHH BO3MOXHO oOpariieHHe (3amuch Wik CUNThIBAHUE UHPOPMAIIUU) TOIBKO K OJTHOU
s4yeiiKe, Ha3bIBaeMoU sepuunou cmeka. HoMmep 3Toi sstdeiiKu XpaHUTCA B ykazamene cmexa. [lpu
3aMMCH yKa3aTelb CTeKa aBTOMATHYECKU YBEIIMYMBACTCS HA CIUHUILY, & MPU CUYUTHIBAHUM —
YMEHBIIIAeTCsl. 3aHOCHMBIC B CTEK JaHHBIC KaX/IbIH pa3 MOMEIIASTCSI B CICIYIONIYIO 1O MOPSIKY
CBOOOIHYIO SYEHKY. A W3BJIEKACTCS TOCTEIHSSI, HO €Ile He CYMTAHHAs, MMOCTYMUBIIAsS B HETrO
uHpopmanus. JlaHHbIe, 3aHECEHHBIE B CTEK IMOCICAHUMHU OYIYT CYMUTAHBI ICPBHIMH.

Bce mukpoxontposuiepsr PIC ocHamens! anmapatasiM ctekoM. B PIC16 crek BochMu-
YPOBHEBEIH, T. €. COCTOUT U3 BochbMH stueek. Ctek PICL6 ciry>kuT TOJBKO JUTsl COXpaHESHUs ajpe-
COB BO3BpaTa MMPH BHI30BE MOIPOrpaMM U BOZHUKHOBEHUU MpepbiBaHUi. CTEK MPOrpaMMHO He-
JOCTYTIEH, T. €. UHPOpPMaIUs B HEM HEe MOXET ObITh U3MEHEHA HIIU MPOYHTaHa KaKOH MO0 KO-
MAaHJI0H.

Crek opraHM30BaH Kak IMKINYecKuid Oydep. DTo 03HAYaAET, UTO MOCIE TOTO KaK Oyaer
3arMcaHo BOchbMoe (Iocje/iHee) 3HaYeHHe, BHOBD MOCTYMHUBIIEE (IeBIATOE) 3HAYCHHE OyaeT 3a-
MMCAaHO Ha MECTO MEPBOTO, JIECATOE HAa MECTO BTOPOro U T. 1. CTek He umeet (prara nepenosHe-
HUSL.

4 Cucmema komaHO PIC16

Komanoa npencrasisger coboit Ko, ONMPEACIIAIONINIA OMepalnio MEKPOKOHTpoIrIepa (B
o0I1IeM ciyyae BBIYMCIUTEILHONW MAIMHBI) U JJaHHbIC, YYacTBYOIIKE B onepanuu. Koj komaH-
JIbI COCTOUT M3 ONEPAIMOHHON U aJpeCHOM yacTel. AApecHas 4acTh B CBOIO O4YEpPEIb MOXKET CO-
CTOSATH M3 HECKONLKHX TTOJICH.

[Ipu mporpaMMupoOBaHUH Ha S3BIKE acceMOsepa KaKI0i KOMaH/Ie CTAaBUTCS B COOTBET-
CTBHUE OMPEICIICHHOE MHEeMOHUUeckoe 0003HaueHue. MHEMOHHMYECKUM 0003HAY€HHEM Ha3bIBAIOT

3 . .

B TexHHYeCKOW HOKYMEHTAIUHU 110 ceMelcTBy MukpokonTposuiepoB PIC16 mpuBoautcst npyroe Ha3BaHHE 3TOTO
6uTa — «OUT JAECSATUYHOTO MEpeHoca». 31ech yrnoTpedIeHo Ha3BaHKe, PUHATOE B JuTeparype [5], ams omnpexnere-
HHs aHajoruyHoro ounra MCS-51.
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CUMBOJIMYECKYIO 3aITUCh, OCHOBAHHYIO Ha aCcCOIUAIINAX, IPU3BAHHYIO OOJIErYUTh 3alIOMHUHAHKE
KOMaHJ. MHEMOHWYECKMMHU 00O3HAUEHHSIMH CIY)KaT COKPAIICHUS aHTIIMHCKUX CIIOB, OIHCHI-
BaIOIIUX JICHCTBUS, BBIITOJHIEMbIC KOMaHaMH.

Onepayuontas yacmes KOMaHJbI COJIEPIKUT KOJI OTIEPAIINHU, KOTOPHIHA 3a/1aeT BUJI OTepa-
UM, JeucTBUE, BhITONHsIEMOoe MK.

Aodpecrnas uacmb KOMaHIBI COACPKUT WHPOPMAIIHIO 00 aapecax ONepaHIOB U ajapece
pe3ynbTara orneparum.

Cucrema komansn MK cemetictBa PIC16 BkimrowaeT 37 uHcTpykiuii. M3 HEX aBe HE pe-
KOMEH/IyeTCsl MCII0JIb30BaTh GupmMoit Microchip mo coobpakeHHeM COBMECTUMOCTH C HOBBIMH
MK. Bce komanapl PIC16 MOXHO pa3nenuTh Ha CIEAYIOIIME TPYIIIBI. ONEepalud MEePEChUIKH,
apudMeTHUeCKHUe OTepaIyu, JJOTUISCKUE OIepalny, OUTOBBIC ONEpaluy, KOMaHAbI Tepeaadn
YIIpaBICHHS .

Cucrema xomana PIC-KOHTpOIEpOB UMEET CIICTYIONIYIO OTINIUTEILHYI0 OCOOCHHOCTD.
BosbIIMHCTBO KOMaHI, TaK MM MHa4Ye 00pabaThIBalONIMX cojepkuMoe peructpo [1/], mo3so-
JSIET BBIOpPATh OJIUH U3 IBYX MPUEMHUKOB pe3ylibTaTa. Pe3ynbraT MOKHO HaIlpaBUTh JIMOO B TOT
K€ PEruCTp, KOTOPBIHA CIYXHUT OAHUM M3 ONMEpaHa0B (MM €AMHCTBEHHBIM OMEPaHIOM), THOO0 B
AKKyMyJIATOp. B Takux KoMaHAax OJUH OUT OTBOJUTCS IO MOOugpuxamop, MOKa3bIBAOIINM,
KyJZla CIIeyeT IOMECTHTh pe3ynbraT. Eciim moaudukarop paBen «1», pe3ynbraT nmomemaercs B
TOT K€ PETHCTP, MepPe3anuchiBas onepany, eciu MoaudukaTop paBeH «O», TO pe3yabTaT Mmome-
nraeTcs B akkymyssitop. Ha si3bike acceMOiiepa, peaan30BaHHOM B HHTETPHPOBAHHOM cpejie pas-
paborku MPLAB, nomyckaercst BMecTo HyJiel U €IMHUIl UCTIOIb30BaTh OYKBEHHbIE 0003HAYE-
HUS «W» U «f» (cooTBeTcTBEeHHO). Takas 3anuck 00JIe HArJISIHA.

OOBIYHO pe3yNbTAT HAMPABISIOT B AKKYMYJISTOP B TOM CIy4ae, €CJIA OH UCTIOIb3YeTCs
KaK OTepaH]l B CIEAYIOIICH ONepalu.

OOmenpuHITEIE MHEMOHHYECKHE 0003HAYCHHSI KOMAH]I, X CIIOBECHBIC U CHMBOJIMYE-
CKHE OIMCaHMs MPUBEICHBI B Tabnuie 4.1.

Paccmotpum 0603HaueHUs, UCTIOIB3YEMBIE B TAOJIHUIIE.

f — 7-paspsausrii anpec perucrpa IT/1. 0<f<127.
k — 8-paspsiinas koncranrta (uucio). 0<k<255.
k11 — 11-paspsanas koucranta (aapec ITIT). 0<k;1<2047.
b — 3-paspsinabiii HoMep 6urta peructpa. 0<b<7.
d — moaudukatop komanbl. [TokaspiBaeT, ciaeayeT JU pe3ysIbTaT ONepalud MOMECTHTh B TOT
xe peructp (d=1) wim B akkymymsrop (d=0).
f' — 3-x paspsansiii agpec TRIS-peructpa. 5<f'<7.
B cronbue «Onepanus» uCnoyib3yroTcs CAeAYIOINe 0003HAYCHUS:
— — 0003HaYaET OMEPAIHIO IEPECHITKH.
dest — o6o3HavyaeT perucTp-npueMHUK. B 3aBUCHMMOCTH OT 3HauYeHus Mmoaudukaropa d, 3To
mokeT ObITh peructp ITJ1 (f) mau akxymymstop (W).
W — akkymymsTop.
PC — cueTunk koMaH
OPTION — PC® OPTION
TOS — ykazaTenb cTeka
GIE — o0mmii (har pazpenieHust mpepbIBaHui.

KBanpaTHble CKOOKHM TOKa3bIBAIOT, YTO JCHCTBUE BBIMIOIHACTCS HE HAJ COJCPKHMBIM
perucTpa B IeJIOM, a HaJ OJHUM WM HECKOJBKUMH ero Outamu. OcTanbHbie 0003HAYCHHUS SIB-
JISIFOTCST OOIIETIPHHSATHIMU.

4 o
Knaccudukaryst koMaHx OTIMYaeTcsl OT MPUBEACHHOW B TexHHUeckoM ommcannu PIC16 u coorBeTcTBYeT Kiac-
cu(UKALMN HCIIONIL3yeMOH B uteparype [5].
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Taomuua 4.1 — Cucrema komaug MK cemetictsa PIC16

MHeMoHn4eckoe Onucanue Onepanus Yucno mamuH- | M3MeHsiemble

o0o03HaYCHUE HBIX ITUKJIOB ¢bnaru co-

CTOSIHUS
['pynna xoMaHJ NepeChUIKH
MOVF  f, d | Ilepechiika peructpa (f) (B akkymymsaTop) (f) — (dest) 1 Z
MOWAF  f I[Tepecbuika akkymyssitopa B peructp (f) (W) — () 1
MOVLW  k 3anuck koHCTaHTHI (K) B akKyMysTop k — (W) 1
I'pynma apuMeTHISCKIX KOMaH,T
ADDWF f, d | Cnoxenne perucrpa (f) c akkymynsaropom (W)+k — (dest) 1 C,DC,Z
ADDLW k Cnoxenne KOHCTaHTHI (K) ¢ aKKyMyIIsITOPOM (W)+k — (W) 1 C,DC,zZ
SUBW f, d | Berunranue akkymynstopa us perucrpa (f) (W) — (dest) 1 C,DC, Z
SUBLW k Bhrunranue akkyMmynsTopa u3 KoHcTauThl (K) (K)HW) — (W) 1 C,DC,zZ
INCF  f, d | Mukpement peructpa (f) (f)+1 — (dest) 1 z
DECF f, d | Jexpement peructpa (f) (f)+1 — (dest) 1 Z
['pymnma JOrHYecKuX KOMaH,|

ANDW f, d |Ilo6urnoe nor. U perucrpa (f) u akkymynsropa (f) U(W) — (dest) 1 Z
ANDLW k [Mo6utHoe nor. U koucrantsl (K) u akkymysstopa (k) U(W) — (W) 1 Z
| ORWF f, d | Ilo6urnoe nor. UJIH peructpa (f) u akkymynsaropa (f)U (W) — (dest) 1 Z
| ORLW kK [Mo6urtHoe stor. MJIN koucrautsl (K) 1 akkymyssitopa (k) U(W) — (W) 1 z
XORWF f, d |Ilo6utnoe uckn. UM peructpa (f) u akkymynaropa (F)A (W) — (dest) 1 Z
XORLW  k [To6utHOE Hcki. MJIN xoHcTanTHI (K) 1 akKyMysiTopa (k) A (W) — (W) 1 z
RLF f, d | Luknuuecknii cusur peructpa (f) Beso yepes nepenoc CwMm. onucanue 1 C
RLF f, d | Huxmmuecknii cusur peructpa (f) Bipaso yepes nepenoc | CM. onucanmue 1 C
CLRW OuncTKa aKKyMyJIATOpa 0— (W) 1
CLRF f Ouncrka perucrpa (f) 0— (f) 1 z
COw  f, [To6utHOE sor. nHBepcus peructpa (f) m — (f) 1 Z
SWAPF f, d | O6men mecramu tetpan peructpa (f) (f[0..3]) — (f[4..7]), 1

(f[4..7]) — (f[0..3])
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IMpomomxenue Tabmmib! 4.1

Muemonnueckoe | Onucanue Onepanus Yucno mamuH- | M3MeHsemble
0003HaueHne HBIX [UKJIOB OHUTEI CO-
CTOSIHHSI
I'pynna GUTOBBIX onepanui
BSF f, b | Vcranosurs B «1» 3anannsni 6ur (b) perucrpa (f) 1 — (f[b]) 1
BCF f, b | Cépocurs B «O» 3anannsiii 6ur (b) perucrpa (f) 0 — (f[h]) 1
["'pyriiia KoMaH| yripaBJieHust
GOTO ki1 BesycnoBubiit mepexon no aapecy (Kiz) ki1 — PC[0..10], 2
PCLATHI[3..4] — PC[11..12]
CALL K11 Be13oB noamporpammsl 1o aapecy (Ki) ki1 — PC[0..10], 2
PCLATH[3..4] — PC[11..17],
PC+1 — TOC
RETURN BosBpar u3 noanporpaMmmsl TOS — PC 2
RETLW k BosspaT u3 noamnporpaMmsl ¢ 3arpyskoit koncrantsl (K) B | TOS — PC, 2
aKKyMYJISITOD k — (W)
RETFI E Bosspart u3 npoueaypsl 00paboTKH IpephIBaHUA TOS — PC, 2
1— GIE
| NCFSZ f, d | Wnkpement peructpa (f), mponycrurs cnepyromyro ko- | (f)+1 — (dest), 1 v 2
MaH/Iy, €CIIi Pe3yIbTaT paBeH HYIIO Ecmu pesynsrar =0, PC+1 — PC
DECFSZ f, d | lexkpement peructpa (f), mpomyctuts cnemyromyro xo- | (f)—1 — (dest), 1 v 2
MaH/Iy, €CIIi pe3yIbTaT paBeH HYIIO Ecmu pesynsrat =0, PC+1 — PC
BTFSS f, b |IIponyctuts cneayromyro komanny, eciam 3amanssii 6ut | Ecim f[b]=1, PC+1 — PC 1 vm 2
(b) perucrpa (f) paBen exuHuUIIBI
BTFSC f, b |IIpomyctuts cneayromyro komanny, eciu 3aganusii 6ut | Ecim f[b]=0, PC+1 — PC 1 vm 2
(b) perucrpa (f) paBen Hymr0
SLEEP IlepeBo KOHTpoOJLIEpPA B KAYIIUNA PEKUM CwM. onucanue 1 TO, PD
NOP Xosocrast onepanus 1
CLRVWDT OuncTKa CTOPOXXEBOH TaiMep CwM. oncaHue 1 TO, PD
OPTI ON Iepecwinka akkymynstopa B peructp OPTION (W) — OPTION 1
TRIS f’ IMepechuika akkymysistopa B 3aganubii TRIS-peructp (f) | (W) — (f) 1

13




4.1 pyrnna komaHO nepechInKu

['pyrmia KoMaHa MEPECHUTKU CITYXKUT JUTS 3aIIMCH KOHCTAHTHI B aKKyMYJISITOP U oOMeHa
naHHBIMU Mexay peructpoM [IJ] u akkymynstopom. Onna u3 komang — MOVF Brnuser Ha
¢utar Hyns (Z). B atom cocTouT oTiuune Tpymnnbl kKoMaH nepecbuiku PlC-koHTposuiepoB, Ha-
npuMep, OT MUKPOKOHTpoJuiepoB cemerictBa MCS-51, B KOTOpBIX KOMaH/AbI EPECHUTKH HE W3-
MEHSIOT peructp coctostaus. C momorsto koMan sl MOV F M0OXKHO TPOTECTHPOBATH PETUCTP HA
HyJIEBOE cofiepKUMoe. B Apyrux KoHTposuiepax JUist 3TOM LM CIY>KUT CreliaabHas KOMaH/a.

4.2 pynna apughmemuyeckux KomaHO

I'pynma conepXUT KOMaHIBl JIByX apH(PMETHYECKUX JEHCTBUI. CI0KEHHWE W BHIYMTA-
HUE; W KOMAaH/bl BBIMOIHSIONINE WHKPEMEHT M JICKPEMEHT PETHUCTPOB, T. €. YBEIWYCHUE W
YMEHBIIIEHUE Ha enuHUIly. KoMaH[IbI, peanu3yomne CI0KeHNE W BBIYUTAHKE, BIHSIOT Ha BCE
Tpu (pnara coctossausi. Komanael INCF u DECF, He u3mensroT 6utoB nepeHoca. OTclieuTh me-
penoHEHNE, BRI3BAHHOE 3TUMH KOMaHIaMH HEBO3MOXKHO.

4.3 pynna no2uyeckux KoMaHo

K 37011 5xe rpynmne oTHOCATCS:

1. KomaHpl, MOOUTHO BBIMOIHSIIONINE JOTUYECKHE OMCPAlUK HAJl PETUCTPaMH, a
uMeHHO. «M» (koubroHKIHs), «MJIU» (muswsronkims), «HE» (MHBepcHs), <«UCKIIOYAIOIIEe
WJIN» (HepaBHO3HAYHOCTB).

2. Komanmsr copoca (ourctkn) peructpa I1J] (CLRF) u akkymynsropa (CLRW).

3. Kowmanpna, ocymiecTBisitorias 0OMEH MECTaMU JIBYX MOJIY0auToOB (TeTpaja) perucr-
pa ITJT (SWAPF).

4.  Komanzael caBuroB. CABUT PEerucTpa MpOU3BOAUTCS depe3 mepeHoc. Ipu caBure
BJIeBO cTapmiuii (ceapmoit) OuT 3aHocutcss B Out mepenoca (C), OUTBHI ¢ TIEPBOrO MO MIECTON
CMEIIAIOTCS BJIEBO, @ OCBOOOIMBINHUICS MIaqmInid (HYJIEBOH) OUT 3aMONHSIETCS MPEIbIIYIIHIM
3HaveHHeM Outa nepeHoca. CIBUT BIIPABO MPOUCXOIUT aHAIIOTHYHBIM 00pa3oM. Bosibias yacth
JIOTHYECKAX KOMaH BiusieT Ha ¢uar Hyis (Z). Komanas! ciBura yepes mepeHoc, eCTeCTBEHHO,
BusOT Ha Quiar nepenoca (C).

4.4 pynna 6umossix onepauyudi

CoJep KUT JIMIIIb JIBE€ KOMAH/IbI, KOTOPBIE MMO3BOJISIIOT YCTAHOBUTD OJMH TIPOMU3BOJILHBIHI
out perucrpa I1J] B «1» unu cOpocuth ero B «O». BUTOBBIE KOMaH bl HE U3MEHSIOT (DJIaroB co-
crostausi. HeoOX0IMMO YUUTHIBATE, YTO OMTHI HYMEPYIOTCS OT HYJIS IO CEMH, HAYMHAs C MIIaJI-
rero (crpapa Ha JIEBO).

4.5 pynna komaHO nepedayu yrnpasreHus

['pymma BKITFOYaeT WHCTPYKITUH, MIPETHAZHAYCHHBIC JIJIT H3MEHEHUS MOPS/IKA BBIITOTHE-
HUSI KOMaH]1 yIipaBJieHUs pexkuMamu padboter MK.

1. Komanna 6esycinoBHoro mnepexoga (GOTO). Komanaa nepemaet ympaBieHHEe B
3aJJaHHYIO TOUYKY Mporpammbl. OrnepanaoM KoMauabl ciayxut 11-paspsaasiii agpec I111, ykasbi-
BAIONIMI HA TOUKY mepexoaa. Pa3psaHoCcTh onepanaa 00ycliaBIrBaeT HHTEPBAI aJIpeECOB «OXBa-
ThIBa€MbIX» KoMaHa0u. [lepexoa Bo3MOkeH ToJIbKO B mpezaenax Oioka I[I1 u3 21=2048 cnos.
s MK PIC16F628 storo BrioiHe 10CTaTovHO, T. K. 006eM I1I1 cocraBnser umenHo 2048 cros.
B npyrux MK s anpecaruu Beex 8129 cnos IIT tpebGyercs 13 paspsgos. B atom ciayyae 11
paspsaoB, coaepxkaiiecs B moiie omnepanaa komauasl GOTO, nomoNHSAIOTCS IBYMS pa3psaaMu
perucrpa PCLATH — PCLATH[3..4]. Jlns «IIuHHOr0» mepexoia HeoOX0auMO CIiepBa 3arpy-
3uth B PCLATH crapmue OuThl anpeca mepexoja, a 3aTeM Bocnosib3oBaThest komanay GOTO.
[Tpu BeimomHernn komauapl GOTO mitaaiias 4acTh CYeTYMKA KOMaH] 3arpy)KaeTcsl YUCIOM M3
aJIpeCHOl yacT KOMaH/Ibl, a cTapiue aBa oura 6epyrcs uz PCATH.

Wuaue roBOps, MOXKHO TMPEACTAaBUTh IMAMATh MPOTPaMM, Pa30HMTOW HA CTPAHHUIIBI IO
2048 cnos. Torna 6utsl 3, 4 peructpa PCLATH moxka3siBatloT HOMEp CTpPaHHUIIBI, a ONepaH/I KO-
Mau el GOTO — aapec BHYTpPH CTpaHUIIBI.

14



2. Komanpma BezoBa moamporpammbl (CALL). Komanpma ciayxuT s mepenayu
yIpaBlIeHUs] B MOAIPOrpaMMy C BO3MOXKHOCTBIO BO3BpaTa. PaboTa koMaHIbpl aHAlIOrM4YHA KO-
mauae GOTO, Tonsko CALL eme coxpaHsieT B anmapaTHOM CTEKe aJipec Bo3BpaTa. AJpec BO3-
BpaTa — 3TO ajJpec CleAyIolle KOMaH[bl, paBHBIM COAEPKUMOMY CUETUMKA KOMAaHJ, YBEJIH-
YEeHHOMY Ha EMHHILY.

3. Komanma BosBpara u3 moanporpammbel (RETURN). Komanaa 3aBepiiaer pabory
noanporpaMMbl. RETURN u3Bnekaer u3 creka aapec Bo3BpaTa M MOMENIAET €ro B CUETYHUK KO-
MaHJ. YTpaBjeHHE TepeaaeTcss Ha KoMaHAy, cieayromiyto 3a xkomanmoit CALL, Bb3BaBmieit
noanporpamMmy. AmmapaTtabiii ctek PlC-xonTposmepa 13-pa3psiiHblii, TO3TOMY aapec BO3Bpara
MOMEIIAETCs B HETO LEeJTUKOM. TakuM 006pazoM, BO3BpaT BO3MOXKEH B JTt00yI0 Touky I1I1.

4. Komanaa Bo3BpaTa Cc 3arpy3koii koHcrantel B akkymynsarop (RETLW). Pabora
KOMaH/IbI TOJIHOCTRI0 aHaoruyHa komauae RETURN, no RETLW emie 3arpyxaet B akkymyJisi-
TOp KOHCTAHTY, YKa3aHHYIO B ajpecHoi yactu koManasl. RETLW npumensercs nns nepenauu
napaMeTpoB U3 MOJMPOrpaMM B OCHOBHYIO MPOTpamMMy U JUIsl OpTaHU3allMU MpHeMa, Ha3biBae-
MOTO Ta0JIMYHOTO XPAHCHUS JTAHHBIX B MTAMSITH ITPOTPAMM.

5.  Komanga Bo3Bpara u3 mpouenypsl 00paboTku mpepbiBaHuil. Pabora xomaHmb
ananornyHa komanae RETURN, ro RETFIE ycranaBiuBaeT rio0anbHbBIN OUT pa3pelieHus mpe-
peiBanuii GIE (6ut 7 peructpa INTCON). Hasnauenne koMaHabl OyJIeT pa3bsICHEHO B pasjeie
10.

DECFSZ — komaH/1a yMEHbBIIAET Ha AUHUIY (IEKpEMEHTHPYET) YKa3aHHBIA PErHCT,
a Jlajiee CpaBHUBACT Pe3yNbTaT ¢ HyJeM. Ecim pe3ynbraT paBeH HYJIO, TO CIEAYIOIIas KOMaH/1a
MpoIycKaeTcs, MHaYe MOPSAIOK BBIMOJIHEHHsS] KOMaHA He u3MeHsieTcs. [Ipomyckas clieqyronyro
koMaHy, MK BBINOJHSAET OJUH XOJIOCTOW LMKJI. B 3TOM ciydyae KOMaHJa BBINOJHAETCS 3a JiBa
mamuHHbIX nukiaa. INCFSZ — 1o ke, HO perucTp yBeIHUHBACTCS HA €AMHUIYY (MHKPEMEHTHPY-
etcst). KoMaHibl MPUMEHSIOTCS 17T OpraHU3aIiiy [UKIIOB.

6. BTFSS— anamm3upyer 3HaueHHe 3a7aHHOTO OWMTa peructpa. Ecnm stoT Out pa-
BeH «1» BBIMIOTHEHHE CIIEAYIONEH KOMaHIbI MPOITycKaeTcsl. B ciydae mpomycka BBITOIHSETCS
OJIMH XOJjocTOoW MammHHBIA mukia. BTFSC — cnenyromas komMaHma mpomyckaercs, eclii OuT
paBeH «O».

7.  SLEEP — nepeBomutr MK B xaymmii pexxum. B xayiieMm pekume TaKTOBBIA Te-
HEPATOpP OCTAHOBJICH, BHIIIOJIHEHUE MTPOTPAMMEBI TIPUOCTAHABIUBACTCSA. B TAKOM COCTOSIHUN MUK-
pokoHTposuiep notpednser Tok MeHee 10 MkA. CoctosHue Bcex peructpoB I1J] ocraercs 6e3
W3MEHEHUH, COXPAHSIOTCS JIornyeckue ypoBHU Ha BbiBogax MK. MK BeiBoguTcs u3 pexunma
OXKHIAHUsS alMapaTHbIM COPOCOM WIJIM TI0 MpEpbhIBaHUIO OT mepudepuitHoro ycrpoiicta (cM.
paznen 10). SLEEP nepesoaut MK B sxaymuit pexxum He cpasy. [Ipexie yeM npuoCTaHOBHUTH
cBo1o paboty MK BBINOTHSET ellle 0JIHy KOMaHy. TaKTOBBIM reHepaTop OCTaHABIMBAETCS Yepes
OJIMH MAIIMHHBIN MUK TTociie kKomaH bl SLEEP.

8. NOP — xonocras omnepauus. Vcnons3yeTcst 1isi OpraHu3alid 3aJepXKKd IITu-
TETHHOCTHIO B OJIMH MAITMHHBIN TTHKIT.

9. CLRWDT — cbpoc cTopokeBOoro Taimepa.

10. OPTION — 3arpyxaet peructp crnenuanbubeix pyakiuii OPTION 3nHauenneM u3
aKKyMyJIsiTopa (MCIoJIb30BaTh HE PEKOMEHIYETCS).

11. TRIS— 3arpyxaet ykazauubiii TRIS-peructp (cm. pasnmen 8) 3HaueHHeM U3 ak-
KyMyJsTOpa (MCIOJIb30BaTh HE PEKOMEHIYETCS).

5 MemoOdsI adpecayuu

Hcnonnumenshvim adpecom Ha3bIBaeTCsl HOMEp peructpa (B oOIieM ciiydae sYeiku ma-
MSITH), K KOTOPOi MPOU3BOIUTCS (haKTUIECKOE OOpaIieHHe.

Memooom adpecayuu HazpIBaeTCs cr1ocod HOpMUPOBAHUS UCIIOTHUTEIBHOTO ajpeca.

B BBIYHMCIHTENBHON TEXHUKE HAXOJAT MPUMEHEHUE MHOXKECTBO METOIOB ajpecaruu. B
MK cemetictBa PIC16 ucions3yroTcst BCEro 4eThIpe METOA.
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Hesgnas aopecayusi. B xomaHzie HE COAEPKUTCS SIBHBIX YKa3aHHUM Ha ajpec onepaHjaa
WIH afpec, 0 KOTOPOMY MOMEIIAeTcsl pe3ynbTar onepanuu. Onepana Uiu ero aapec moapasy-
MeBaeTcs M (PaKTHUYECKH 3a/1aeTCs KOJIOM OTepaIlHH.

Henocpeocmeennas adpecayus. B ampecHOd 4acTH KOMaHJBI COACPKUTCS HE ajapec
OIlepaH/a, a HETMOCPEICTBEHHO CaM OIEepaH.

Ipsmas adpecayus. VICHOTHUATETBHBIN apec COBMATAET C aIPECHON YaCThIO KOMaH/IbI.

Koceennas adpecayus. AnpecHas 4acTb KOMaHbl COJEPKUT aAPEC PETUCTPA, B KOTO-
POM HaXOJUTCS UCTIOJIHUTEIBHBIN aipec OnepaH/a.

[Mpusenem Heckonbko npumepoB. Komanma CLRW (ouncTka akkymynsiTopa) HESIBHO
aZpecyeT aKKyMyJsTop — ajpecHas yactb BooOme orcyrctByer. MOVLW wmcnons3yer Hemno-
CPEICTBEHHYIO aJipecalnuio Jis 3ananust KoHctanTel. B komannge MOVWEF peructp anpecyercs
IPSIMBIM METOJIOM, XOTSI MOXKET aIpecoBaThCsl U KOCBEHHO. B TO ke BpeMsi akKyMYJIsITOp aape-
cyercs HesiBHO. KocBeHHas aapecanus OyAeT pacCMOTpEHa MO3IHEE.

6 Accembnep PIC-koHmposnnepoes

SI3bIk accemOnep xapakrepusyercs aji(aBUTOM, CIOBAPEM M CHHTAaKCHUECKUMH IPABU-
namu. B andasut BxonsaT OyKBbI TaTHHCKOTO andaBuTa, apaOckue MUQphl, 3HAKHA MPETTMHAHUS 1
HEKOTOpBIE CITy)kKeOHbIE CUMBOJIBI. Pa3nuyaroT NOCTOSHHBIA M MEpeMEHHBIN cioBapb. B mocro-
SIHHBIM cJI0OBapb BXOJAT MHEMOHHUYECKHE 0003HAUEHUSI KOMaH U JUPEKTUBBI accemMOepa.

[ToHATHE MHEMOHMYECKOro 0003HaueHUs ObLIO pa3bsACHEHO B paszzene 4. JlupekTuBa
acceMOuiepa mpecTaBIsieT co00l HEKOTOpOe NpeANucaHie, yKazaHue acceMOiepy Kak TpaHcs-
Topy. JIMPEKTHBBI YNpPaBJIAIOT MPOLECCOM MPeoOpa3oBaHUSI UCXOMHOTO TEKCTa MPOTPaMMBbl B
00BeKTHBIM KoJ. OHU HE MMEIOT HENOCPEACTBEHHOH CBsi3u ¢ cucteMoil komana MK u camu He
npeoOpa3yroTcss B OOBEKTHBIN KOJ, HE 3allUCBHIBAIOTCS B MaMATh NPOrpaMM KOHTposuiepa. Pas-
JMYHBIM BEpCHUSM accemOiepa MOTYT OBITh MPHUCYIIU Pa3HbIC S3bIKK TUPEKTUB, JTAXKE €CITU OHH
HOJ/IEP’)KUBAIOT OJIMH U TOT K€ THII KOHTPOJIJIEpOB. B TO Bpems kak MHEMOHHYECKHE 0003Haye-
HUSI OJTHO3HAYHO COOTBETCTBYIOT KoMaHnaM MK u mpeoOpa3yrorcst acceMOIepoM B 00BEKTHBIN
kox. Habop MHeMoHnYeckux 0003HAUSHHH, paclio3HaBAEMbIX acCeMOJIEpOM, ONIPEIeNIeTCs CHC-
TEMOM KOMaH]{ KOHKPETHOI'O KOHTpOJLIEpa.

ITepemeHHbI cllOBaph COCTaBISIETCS IPOTPAMMUCTOM U COEPKUT MPOU3BOJIbHbIE OYK-
BEHHbIE UMEHA METOK M PETUCTPOB. Takue CUMBOJIMYECKHE UMEHA O0JIETYal0T BU3yalbHOE BOC-
IPUATHE TPOTPAMMBI.

IIporpaMMbl Ha accemOiiepe MPUHSTO 3allMChIBaTh B YEThIpe KOJIOHKH. Kaxknas crpoka
COCTOMT M3 YEThIPEX MOJICH: MOJII METOK, ONIEPALIUi, OTIEPaHI0B 1 KOMMEHTAPHEB.

Memgka nipeacTaBisieT co00if CHMBOIMYECKOEe 0003HAUCHHUE a/ipeca KOMaH Ibl. JTO IMoJie
ABJISIETCA HE0OsA3aTeNIbHBIM U UCHOJB3YETCS B TOM CIy4yae, €ClIM B JJAHHYIO TOUKY HPOTPAMMBI
HE00XO0UMO MEPEXOAUTh KOMaHAaMH [Iepeiauul yIPaBICHUS.

ITone onepauuu coaepkUT MHEMOHMUYECKOe 0003HadeHne onepanuu. Ilone coorBerct-
BYET OIEPALMOHHON YacTH KOMaH/Ibl, 0003HaYaeT KOJ| ONePaIIH.

ITosie onepanoB MOKET COAEPkKATh OOUH MM HECKOJBKO ONEPAHJIOB MEPEUUCICHHBIX
yepe3s 3anaTyro. CoOTBETCTBYET aJpeCHON YyacTu KoMaHAbl. HekoTopble KOMaH bl HE UMEIOT al-
pecHoit yactu. Takne KoMaHbl Ha3bIBAIOTCS 0€3aApECHBIMHU.

KoMmMmeHTapuii HaUMHAETCSI C TOYKM C 3aIIATON <G» U COACPKUT NMPOU3BOJIBHBIN TEKCT,
nosCHsOIMNA padoTy koMaHbl. [Tosne siBisieTcst HeoOsA3aTeNbHBIM, IPOrpaMMa CHa0XKaeTcss KOM-
MEHTapUsIMU 110 YCMOTPEHUIO IPOTPAMMMUCTA.

6.1 MHeMoHuYeckue 0bo3HadYeHuUs U Oupekmuebl accembriepa

Muemonnueckre 0003HaueHHUsT KOMaH]l 3alMCHIBAIOTCS B TOYHOM COOTBETCTBUU C Ta0-
muueit 4.1. AccemOrep He pa3nuyaeT CTPOYHBIX U MPONHUCHBIX OYKB B MHEMOKO/AX U TUPEKTHU-
Bax. PaccmoTpum Hambosee 4acTo NCTIONb3yeMbIe IUPEKTUBBI acceMoepa.

EQU — ycranaBiMBaeT COOTBETCTBHE MEX]Y CUMBOJIMYECKHM OOO3HAYEHHUEM U YHC-
aoM. Mcrione3yeTcst Uit BBOJa JIEMEHTOB MIEPEMEHHOTO CIIOBaps, HalpuMep, Uil 0ObSBICHUSI
UMEH PETUCTPOB OOIIETO HA3HAYEHUS WITU CTICIUABHBIX (DYHKITHIA.
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dopmar: Hmn EQU Koucmanma

ORG — 3anaer agpec komanzs! B [1I1. Komannaa, ciemyromas 3a TUPEKTHBOM, pa3Me-
nraerca B I1I1 mo ykazanHoMy B nupekTuBe ajapecy. Bee mocnenyromnye KOMaH bl pa3MenaloTcs
3a HEH MO MOPSIKY.

@®opmar:  ORGAopec 111

END — o6o3nauaer xoHern mporpammbl. Tekct mone END urnHopupyercst accemOie-
poMm. O6s13aTeNbHO T0JKHA MPUCYTCTBOBAThH B KOHIIE JIF000M MPOTrpaMMBl.

dopmar: END

6.2 3anucek anemeHmMo8 nepeMeHHo20 crioeapsi

Nmena, BBOJUMBIC MPOTPAMMHUCTOM, MOTYT COCTOSTH M3 OYKB JIATUHCKOTO adaBuTa,
udp, CUMBOJIa MOAUYEPKUBAHUS «_» U HE JOJKHBI HAUMHATHCA ¢ UG pBl. Accembiep pa3andaer
pETHCTp MMEH MEPEeMEHHOTO clioBapsi, modromy 3amucu Regl u REGI1 OGynyr mHTepripeTupo-
BaThCs KaK pa3IUYHbIE.

6.3 3anuck yucen

B accembuiepe PlIC-KOHTpOIIEpOB BO3MOXKHO HCIOJIB30BAHUE YETHIPEX (OPM 3aIUCH
YHCe:

1. Hlectnaauarepuunas ¢opma. Mcnonp3yrorcss mectHaauatepuynbie mudpsr: 0, 1,
2,...., 9 A, B,..., F. lllectHagnaTeprdHOe YUCIIO TOJDKHO HAYMHATBHCS TOJIBKO C JECITHYHOU
midpet 0, 1, 2,..., 9. Ecniu crapmmim pa3psaoM MIecTHAANATePUIHOTO YHCia sBiseTcs: OykBa A,
B,..., F, To mepex unciom HE0OX01MMO TTocTaBuTh 1udpy O.

[Mpumep: 1F — Bepuo, B4 — HeBepHo (unciio HaunHaetcs ¢ Oyksbl B), 0B4 — BepHo.

Bo3MoskeH Jipyroit croco0 3amucy MIecTHAAATEPUYHOro Yrcia. Ynucino HaumHAeTCs C
NpU3HAKa CUCTEMbI CUUCIICHUS] — B JJAHHOM Clly4ae ¢ JaTUHCKOM OykBBI «H», 3a Hell 3anuchiBa-
eTCsl MIECTHAIIATEPUYHOE YHCII0, 3aKITFOUCHHOE B arnocTpodbl (0JMHAPHBIE KaBbIYKHU) « ». [Ipu
ATOM YHCJIO MOXKET HAUWHATHCA C JIFOOOW MIECTHAANATEPUIHON U(PHI, HAYMHATH YHCIIO C HYJIS
He oOs3arenbHO. 3anucu 0B4 u H B4’ abcomoTHO WACHTUYHBI.

2. JlBomwunas ¢opma. [Ipu 3TOM 3amuch 4yuciia HAYMHAETCS C JIATHHCKON OykBbl B, 3a
HEH CIIeyI0T BOCEMb JABOMYHBIX Pa3psI0B B anocTpodax.

[Tpumep: B 00101101’ .

3. Hecaruunas ¢gopma. JlecsITHYHOE YUCIIO HAYMHAETCSA C TOYKH «. », TIOCIE KOTOPOM
CJICAYIOT JNecsaTHYHbIe IH(pBI. BO3MOXEeH U Ipyroi BapuaHT: YKCIIO 3alTUCHIBACTCS B arlOCTPO-
dax mociae 0003HAYCHUS CUCTEMBbI CUMCIICHHS] — OYKBBI «D». 3anucu . 37 u D 37’ o3HavaroT
OJTHO U TO Ke.

Bocemepuunas gopma. Urcno 3amuchiBaeTcsi B aniocTpodax Mpu MOMOIIH BOChMEpPHY-
Heix udp O, 1,..., 7. EMy npeamectByet OykBa «O». BocbMepruyHas cucreMa CUHUCICHUs Tpak-
TUYECKU HUKOT/Ia HE UCTIOJIh3YeTCsl.

[Tpumep: O 75’ .

7 Mpocmeliiwue npueMsbi NPoO2pPaMMupPO8aHUsi

7.1 lNpumep npozpamMmbi

PaccmoTpuM npumep mpocteiiiieil mporpaMMbl, BBIMOJHSIOMIECH 3alIUCh KOHCTAHTHI B
PETUCTP U MEPECHUIKY €ro COAEP>KUMOTr0 B IPYroi perucTp. 3AeCh BCe CTPOKH IPOrpPaMMBI IPO-
HyMEpOBaHbI, YTOOBI CCHIIATHCS HA HUX B TeKcTe. Ha caMoM Jiee py COCTaBICHUH MPOTPAMMBI
HOMEpPA CTPOK HE CTaBSTCS.

[Tpumep 1:
1. regl equ 20 ; Opucsomre permcrpy 20h mms regl
2. reg2 equ 21 ; OpuceomTe permcrpy 21h mms reg2
3. movl w .40 ; IoMecTnTe B akkymyasitop (W umcno 40
4. novwf regl ; lepemmncare comepxmmoe W B permcTp Iegl
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5. nmovf regl, w ; NloMecTnTer comepxumoe regl s W
6. novwf reg2 ; llepermcaTes cogmepxmmoe W B perucTp reg2

7. end ; KoHeny nporpammsi

[Tporpamma HaurHaeTCs ¢ OOBSBICHUS UMEH TIEPEMEHHOTO ClIoBapsi. BBoasaTCs cuMBO-
nndeckre obo3Hauenus peructpos [11. Peructpy ¢ agpecom 20h craBuTCSI B COOTBETCTBUE UM
regl. Tenepb BMecTO cioBa regl aBromaruuecku Oyaer moacraBiarees agpec 20N, AHamornayHo
peructpy 21h craBuTCs B COOTBETCTBHS MMs [€Q2.

CoOcTBeHHO MporpamMma HauumHaercsi C TpeThell cTpoku. Komanma Ne3 3amuchiBaeT B
akkymyssatop uucio 40. Komanna Ned nepechinaer 3HaueHHE akKyMyJsTopa B peructp regl.
Taxum oOpa3zom, komOuHaIMs komana 3 u 4 ocymectsisieT 3anuch uucina 40 B peructp regl.
Komanga Ne5 xonupyet cogep:xxumoe peructpa regl B akkymysnsitop. Onepaniom 37€ch CIyXKHUT
ums peructpa. [locie onepania yepes 3amaryro ykazaH Moaupukatop «w» (mmm «0») , moka3ssl-
BAIOLINH, YTO COAEPKUMOE PEerucTpa HeoOXoAUMO mepeciaTh B akkymysstop. lllectast komanaa
aHasiornyHa yerBepToil. JlupextuBa END B cenpMoil cTpoke 0003HauaeT KOHEI TPOrpaMMBl.

7.2 be3sycrosHble nepexoobl

Jyiss 0003HaYEHUSI TOYKH, B KOTOPYIO HEOOXOUMO BBITTOJHUTE TIEPEX 0T, UCTIOIb3YIOTCS
METKHA. MeTka TpeJCTaBisieT cO00M MPOU3BOJIBHYIO TOCIEI0BATEIHHOCTh CHMBOJIOB, TIOIYH-
HSIONIYIOCS TIPAaBHJIaM COCTAaBJICHHS IMEPEMEHHOrO CoBaps. MeTka OOBIYHO MPEIIIECTBYET KO-
MaHjIe, T. €. PACIIoIaracTcs B MOJIE METOK, HO MOKET Pa3MeNIaThes U Ha OTACIBHOM cTpoke. Ka-
JKIasi METKa JIOJKHA OBITh YHHKAIbHA, B TO e BPeMsl, B IPOrpaMMe JIOIyCKaeTcs JIF000e KOJIH-
YECTBO PA3IMYHBIX METOK.

Jlst BBITIOJTHEHHST Oe3ycioBHOTO rnepexonaa ciyxuT komanmaa GOTO. Komanga nmeer
€MHCTBEHHBIHN OIEepaH]l — UM METKH.

JIJIs MULTIOCTpAIlMKM MCIIOJBb30BaHUS METOK BOCIIOJB3YeMCS TeM ke IpuMmepom. Pac-
CMOTpEHHAs paHee MmporpamMma OyAeT BBIIOJIHEHA MPAKTHIECKH MIHOBEHHO. Yarie Bcero Tpedy-
€TCsl, 3aCTaBUTh MMPOrpaMMy paboTaTh HEMPEPHIBHO (BEYHO), MEPHOAUYECKH TTOBTOPSS OIMpPE/e-
JICHHYIO MTOCJIeIOBATEILHOCTh NeHCTBUH. J[J1s 9TOr0 B Havyasie mporpaMMbl TIOMENaeTcsl MeTKa, a
B KOHIIE — KOMaH/ia IIepexo/ia Ha 3Ty MeTKy. TakuMm o0pa3oM, mociie BBIOJHEHUS BCEH TocIe-
JIOBATEILHOCTH OTIepaIliii MporpaMMa HauHET CBOIO paboTy 3aHOBO.

[Tpumep 2:
1. regl equ 20 ; Dpuceonre permcrTpy 20h mmst regl
2. reg2 equ 21 ; Dpuceomre perucTpy 21h wmmst reg2
3. | abel movliw .40 ; loMecTnTe B akkymynsrop (W umcno 40
4. novwf regl ; lepemmcare comepxmmoe W B permcTp Iegl
5. nmovf regl, w ; NloMecTnTer comepxumoe regl s W
6. novwf reg2 ; llepermmcaTes cogmepxmmoe W B perucTp reg2
7. goto | abel ; NepeitTt Ha xoMaHmy c Merkon «| abel »
8. end ; KoHeny nporpammst

7.3 BemaneHus

[Ipu pazpaboTke nmporpamMm 4acTo ObIBa€T HEOOXOIMMO OPTaHU30BATh Ty WM UHYIO pe-
aKIHIO0 MPOTPAMMBI Ha Kakoe-Tu00 coObiTHe. TakuM COOBITHEM MOXET OBITh Ha)XXaTHE KHOIKH,
HCTEUEHHUE OINpPEAeNICHHOrO0 WHTEpBaJla BpeMEeHH U T. M. B moboM ciyyae 3amaya CBOIUTCS K
aHAIM3Yy 3HAYEHUS PETUCTPA, KOTOPOE HM3MEHSETCS MPU HACTYIUICHHH COOBITHS, M TPUHSATHIO
petienusi. Ecnu coObITHE HACTYIHIIO, BBITIONHACTCS OJMH y9acTOK (BETBb) MPOTPAMMBbI, €CIIH
HET, TO JIpyrasi BETBb.

J171st mpoBepKH YCIOBHi MCTIONB3yrOTCs KoMaHael BTFSSu BTFSC.

ITpumep:

1. btfss reg, 5
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2.
3

nporyckaercs. MiHade BoimonHseTcss koManaa Ne2, 3atem Ne3 u T. 1.

© N

nmovwf

regl

[Tpu BeimonmHeHnn koMaH sl Nel mpoBepsercs, paBeH Jid eAUMHULIe OUT S peructpa reg.
Ecnu 5T0 ycrnoBue BBHIMONHIETCS, TO YIpaBlieHHe TiepenaeTcst Ha koMaHay Ne3, a komanma Ne2

Eciu HeoOX0MMMO TIPOMYCTUTh HE OJHY, a Cpa3y HECKOIbKO KOMaHJ, TO MPUXOIUTCS
COBMeIaTh KOMaH/ly BETBJIEHUS U KOMaH1y O6e3yciioBHOrO nepexona GOTO:

| abel 1

Hem

bt fss
goto

nmovwf

novwf

[a

reg, 5
| abel 1

reg2

reg8

reg2:=w

[a

reg2:=w

reg8:.=w

6)

Hem

[la

reg2:=w

reg8:=w

reg3:=w

regh:=w

8)

reg:=reg-1

Pucynok 7.1 — CxemMbl IPOrpaMM OpraHu3alu BeTBJIEHHI U MUK

3neck ecnm OuT 5 perucrpa reg paseH Hyir0, TO koMaHaa Ne3 IpomycKaeTcs, BBITION-
Hst0TCs kKoMauabl Ne3, 4, 5, 6. Mnaue, mociie mpoBepKH ycloBHUs BeIMoHsAeTCss komaHaa GOTO,
NPOMCXOIUT Tiepexona mo meTke labell; ympasnenue nepemaercss Ha komaHay Ne6, a G0k KO-
Mmang Ned, 5 mponyckaercs.
MOo3KHO OpraHnu30BaTh U 00JIee CI0KHYI0 KOHCTPYKIIUIO C TBYMSI BETBSIMHU:

| abel 1

bt fss
goto
nmovwf
rovuf
goto

nmovwf

reg, 5
| abel 1

reg2
reg8
| abel 2

reg3
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9. nmovwf regb

10. | abel 2

7.4 L{uKknbi

KoHncTpykiuu, obecnieurnBaronie MHOTOKPATHBIN IMOBTOP BBIMOJIHEHHS] OJHON WM He-
CKOJIBKMX KOMaHJ, Ha3bIBAIOTCI yukiamu. OparMeHT MpOTrpaMMbl, MOBTOPSIOIIUNCS MHOTO-
KpaTHO B IIUKJIE, HA3BIBACTCS MeEI0OM YUKIA.

[Ipu opranm3aiuy ITUKIOB BO3MOJXKHBI JIBa CITy4asi: YKCIJIO IIOBTOPOB M3BECTHO 3apaHee,
¥ YHCJIO TIOBTOPOB 3apaHee HEM3BECTHO M OMpPEEISIeTCS BO BPEeMsI BBITIOJNHEHUS IUKIA. B mep-
BOM CjIydae JiIsl ToJIcUeTa Yhcia TMOBTOPOB HCIIOIB3YETCS PETHCTP-CYSTUYUK. B KadecTBe cyeT-
YHKa JTOJDKEH HCIIOJIb30BaThed 000 POH.

Jlnst opranu3anuu nukiaa 6ombine Bcero moaxoauT komanga DECFSZ. Onepana ko-
MaH/Ibl — PETUCTP-CUETUYHK, B KOTOPBIH MPEIBAPUTEIHLHO 3aHOCUTCS YHCIIO TTIOBTOPOB.

[Tpumep ucnonb30BaHUS 1TUKIIA:

1. nmov| w .10

2. nmovwf reg

3. labell novwf regl
g rmvwf reg3
6. decfsz reg, 1
7. goto | abel 1
8.

3/1ech CUeTYUKOM CIyKuT peructp reg. Komanasr Nel, 2 mpucBauBalOT CUETUHMKY Ha-
YaJbHOE 3HAa4eHHEe — KOJIMYECTBO NMOBTOPOB. B manHoM ciywae sto umcno 10. [anee cnenyer
teno nukia (komanabl Ne3, 4, 5), koTopoe HauMHAETCS ¢ METKH. [Ipy BBHITIOJHEHHH KOMAaH/IbI
Ne6, Bo-mepBBIX, IPOMCXOJUT YMEHBIIEHUE COAEPKUMOrO CUETYHMKA Ha €AMHUILY, BO-BTOPBIX,
€ro 3Ha4YEHUE CPAaBHUBACTCSA C HyleM. Ecnu comep:kuMoe perucrpa reg He paBHO HYJIIO, IIPOUC-
XOJIUT BO3BpaT K Hayally Tejla IMKJIa 4epe3 KoMaHay OesycioBHoro mepexoaa (komanma Ne7).
Brimonnenue nocnenoBarenbHOCTH KoMaH Ne4—8 moBTOpsieTcst 10 TeX MOp, MOKa CYETYHK He
IIPUMET HYJIEBOTO 3HaueHus. Korna rég cTaHoBUTCS paBeH HYJIIO, YIPABICHHUE IEPENacTCs KO-
manje Ne8 (komanma Ne7 mpomyckaercst). Ha 3ToM BBITNOJIHEHHE [IUKIIA 3aBEPIIACTCS M TPOIOJI-
’KAETCsI BHIITOJIHEHUE OCTABLICICS YaCTH MPOTrPaMMBl.

8 lNopmbi eeoda-ebieoda

OOMeH JTaHHBIMU C YHUBEPCAJIHHBIMH MHKPOIPOLIECCOPAMHU OCYIIECTBIIETCS IO TPEM
IIMHAM. LIMHE JaHHBIX, IIMHE ajipeca U IuHe ynpasieHus. [IIuHbl CBS3BIBAIOT MEXy COOOH
AJIEMEHTBI MUKPOIPOLIECCOPHONM CUCTEMBI U HE MPEIHA3HAYECHBI I MPSAMOrO BO3JIEHUCTBUS Ha
00BEKT ympasiieHus. B otianuue ot yHuBepcaiabHbIX MII MUKPOKOHTpOJUIEPHI Ul BBOJA U BbI-
BOJIa HH(OPMAIIMY HCIIONB3YIOT NapajiesbHbIe MOPTHI. Yale BCcero JIMHIUA MOPTOB MOTYT OBITH
HOJKJIIOUEHBI K 00BEKTY YIpaBJIEHHUs IOCPEICTBOM JIMIIbL YCUIUTENBHBIX YCTPOHCTB 0€3 KaKoii-
1100 JOTHYECKO 00pabOTKH.

ITopTs! npeaHa3HAaYeHBI AJ1 BBOJA U BbIBOJA LIM(POBOI MHPOPMALIMU B MApaIEIbHOM
koze. Kaxnprii mopt npezacrasisier co0oif HaOOp MU(POBHIX, KaK MPaBUIIO, BYHANIPABICHHBIX
auHui. C TOYKY 3peHus amnmnaparypsl IOpT — 3TO BXOJHbIE Oy(ephl U perucTp-3allenka, yrnpas-
JISIFOIIMN BBIXOJHBIMU TpaH3ucTopaMu. JJiss CMEeHBI pexrMa paboThl JTUHUU (BBOJ MM BBIBOJ)
MMEETCS CXEMa, 3allMparoniasi BBIXOAHbIE TPAH3UCTOPBI HE3ABUCUMO OT COIEPKMMOI0 PETUCTPA-
3anieiky. [Ipu 3TOM JIMHUS TIEPEXOAUT B BEICOKOUMITEIAHCHOE COCTOSIHUE (TPEThe COCTOSIHUE).
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PIC16F628 1 PIC16F628 i
Pucynok 8.1 — Cxema moakao4yeHust Pucynok 8.2 — Cxema noakaoyenns MK
HCTOYHHKA MUTAHUS ¥ KBAPLEBOI0 Pe30HATOPA K PIC16F628 B pe:kuMe BHYTpPEHHEro pe3oHaTOpa U
MK PIC16F628 NPH OTKJIIOYEHHOM BX0Ja cOpoca

[Topter PIC-xoHTpOMIEpOB 0003HAUaroTCss JaTuHCKuMU OykBamu A, B, C u T. &.
PIC16F628 nmeet n1Ba BOCbMHpa3psIHBIX TIopTa: mopT A u mopt B.

Perucrpei-3amenku u BXoaHble Oy(hepsl MOPTOB CBA3AHBI C PETHCTPAMU CIICIIHATBLHBIX
dbyaknuii PORTA u PORTB. 3anuch B 3TH perucTpbl MPUBOIUT K 3alUCH B PETHCTP-3aIIEIKY U
COOTBETCTBYIOLIEMY M3MEHEHHUIO JIOTMYECKUX YPOBHEH Ha JIMHUSAX MOpTa. Pe3yabTaToM CUMTHI-
Banus peructpoB PORTA u PORTB sBnsieTcs cocTossHME BXOIHBIX Oy(depoB mopTa, COOTBETCT-
ByIOIIlEe JIOTUYECKHM YpOBHSM Ha ero juHusx. Hampumep, 6ut O peructpa PORTA cBs3an ¢
BeiBoZioM O mopra A (o6o3nauaercs RAO, cm tabmumy 8.1 u pucyHok 8.1). 3amuchk eIUHHIBI B
3TOT OUT MPUBEIET K MOSBICHHIO BHICOKOTO JIOTHYECKOTO ypoBHs Ha BhiBoje RAOQ, 3amuch Hy-
J5 — K TOSBICHUIO HU3KOTO JIOTUYECKOTO YpPOBHS. AHAJOTHYHO TMPOU3BOJIUTCS CUUTHIBAHHE
uHGOPMAIIUU C IMHUH TIOPTa, HACTPOSHHBIX HA BBOJI.

MOo’XHO M3MEHATH JOTHYECKHE YPOBHM Ha BCEX BBIBOJAX MOPTA OJHOBPEMEHHO WIU
TOJILKO Ha OJTHOM M3 HHUX, OCTaBHB OCTaJIbHBbIE 0€3 M3MEHEeHHH. Bce 3aBuCHT OT TOro, Kakas Ko-
MaH1a oOpariaeTcs K mopty — OaiiToBast wiu OUTOBAS.

Hanpasnenue nepenaun nH(GOpMaIMM TOKE HACTPAUBAETCs MOOUTHO, T. €. YCTAaHABIH-
BAeTCSl MHIAMBUAYAIBHO NI KaKIOW JMHUU mopTa. Beibop pexknma paboThl MOPTOBBIX JMHUN
npousBoauTcs uepe3 peructpel TRISA (85h) u TRISB (86h). Kaxneiii out TRIS-peructpa co-
OTBETCTBYET JIMHUM OJHOMMEHHOTO TOpTa. 3anuch HyNsS B Kakoh-1u60 out TRIS-perucrpa nHa-
CTpamBaeT COOTBETCTBYIOIIYIO JIMHUIO HA BBIBOJI, 3aIIMCh €MHHUIIBI — Ha BBO/I.

Bxonuwsie Oydepsr mopra A mpencraBisioT coboi Tpurrepsl IlImuara, mopra B —
TTJI-6ydepsr. Ilosromy mopt A mo BXomaM COBMECTHMM TOJibko ¢ ypoBHsmMu KMOII, a
PORTB — ¢ KMOII u TTJI.

Huxe npuBeIeHBI SJICKTPHUECKHAE XapaKTEPUCTUKH MTOPTOBBIX JIUHUI B PEKHUME BBIBO-
1a, IpU HampsDKEHUHW uTaHus 5 B, Toke, mpoTekaroieM yepe3 BbIBOJ D MA U TeMIiepaTrype OK-
pyxatoiei cpeast 25°C:

MuHUMaNbHBIA YPOBEHD JIOTHYECKOW €IMHUIIBI, HE MEHEE 45B
MakcumanbHBIH YPOBEHB JIOTHYECKOTO HYJIS, HE OoJiee 0,6 B

DNEeKTpUUYECKUE XaPAKTEPUCTUKH BBIBOJIOB, HACTPOCHHBIX HAa BBOJI, MPU HAMPSIKCHUH
nuTanus 5 B 1 Temriepatype okpykatomei cpessr 25°C:

MunnManabHOE HAIps>KCHUC JIOTHYSCKOM CAWHUIIbI, HC MCHECC

Ju1s lopta A 4B

Ju1st mopta B 2B
MakcumanbHOE HalpsOKeHHUE JIOTUYECKOTo HyIs, He Ooee

Ju1st mopta A 1B

Ju1s mopta B 08B
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MaxkcuManbHBIH TOK Yepe3 KaKAbli BBIBOJ cocTaBisieT 25 MA. Ilpu 3ToM BBIXOAHOE
HaNpPsOKEHUE BBICOKOTO YPOBHSI MOKET CHMXKATbCA MPUMEPHO A0 2,6 B, a HU3KOro ypoBHS MO-
xet nocrturare 0,85 B. Takue n3aMeHeHHs BBIXOJHBIX YPOBHEH HEOOXOIUMO YUUTHIBATH MPH pa-
00Te Ha Harpy3Ky ¢ OOJNBIINM MOTpeOICHHEM TOKa [7].

[Torpebnenne Toka BX0JaMH MHUKPOKOHTPOJUIEpA MPH BO3JICHCTBUU CUTHAJA BBHICOKOTO
ypoBHs He npeBbimaeT 0,5...1 MKA.

Bce nopTsel MMEIOT Ha BXOJaxX AMOAHBIE OIPAaHUYUTENN HAIPSDKEHUS, MaKCUMallbHbBIN
JOMYCTUMBIA TOK Yepe3 OrpaHUuUTEeNbHBIN Muoj cocTaBiseT 20 MA. DTO MO3BOJSET MOMAKIIIO-
YaTh HEMOCPEICTBEHHO (Yepe3 OrpaHuYMBAIOIINI PE3UCTOpP) K MOPTOBBIM HOXKKAM HMCTOYHUKHU
CUTHAJIa, C BBIXOJHBIM HANpsHKEHUEM ropa3fo Ooubliie HaMpsHKeHUS MUTaHUS KOHTpoIiepa, Ha-
IpUMEp OIEepaIlOHHbIE YCUIIUTEIH.

Kpome ocHoBHO# hyHKIHH (IIU(PPOBO#T BXOA-BBIXO/), TIHHUN OPTOB MOTYT BBITIOJIHSTh
OJTHY WMJIM HECKOJIBKO aJIbTePHATHBHBIX (DYHKIMH, HAIPHUMEp, SBJIATHCS BXOJOM MM BBIXOJIOM
kakoro-nmbo nepudepuitnoro ycrporictea MK. BxkiroueHne anbTepHaTUBHBIX (DYHKIHI TPOU3-
Boautcs yepe3 PCO, ynpasmistomue nepudepuiiHbIM yCTPOUCTBOM, C KOTOPHIM JaHHAs HOXKa
CBSI3aHa.

B tabmune 8.1 npuBeneHsl Bce (yHKINHU, KOTOPBIE MOTYT BBHIMOJHATH JTUHUU TTOPTOB
MK PIC16F628.

Tabauma 8.1 —
No Ne uanm | O6o3HaUEHUE Ornucanue
BBIBOJIA | TOpTa byHKIMI
ITopt A
17 0 RAO [{udpoBoii BXOI-BBIXOJT
ANO WNuBepTupyromuii BXo 1 KoMmaparopa 1
18 1 RA1 [udpoBoii BXOI-BBIXOJT
AN1 HNHBepTHpyOIIHI BX0T KOMITapaTopa 2
1 2 RA?2 IndpoBoii BXOJ-BBIX0/
AN2 HewnHBepTupyromuii BXo 1 KoMIapaTopa 2
VREF BpIX0/1 ICTOYHHMKA OMTOPHOTO HATIPSIKEHUS
2 3 RA3 [udpoBoii BXOI-BBIXOJT
AN3 HewnnBeptupyromuii Bxo1 koMmraparopa 1
CMP1 Brixon komnapatopa 1
3 4 RA4 [{udpoBoii BX01, BEIXOJ C OTKPBITBIM CTOKOM
TOCKI CuetHbIii BX0J TaltmMepa-cueTunka 0
CMP2 Brixonx kommapartopa 2
4 5 RAS I{udposoii Bxox
MCLR Bxox anmaparHoro copoca
THV
15 6 RAG6 [{udpoBoii BXOI-BBIXOJT
0OSC2 BrIBoa A1 mOJIKITIOUEHUS] KBApIIEBOTO pe30HATOpa
CLKOUT Brixos TakTOBOTO reHepaTopa
16 7 RA7 [udpoBoii BXOI-BBIXOJT
0OSC1 BrIBoA A1 OJIKITIOUEHUS] KBApIIEBOTO pe30HATOpa
CLKIN Bxon s moakIIFOYeHUs BHEITHETO UCTOYHUKA TAKTOBBIX
UMIYJIbCOB
ITopt B
7 0 RBO I{udpoBoit BX0I-BBIXOT
INT Bxon 3anpoca npepeiBaHus
8 1 RB1 [{ndpoBoit BX0I-BBIXOT
RX Bxon npuemauka YCAIIII B aCHHXPOHHOM pexxXume
DT Bxon-seixon nannasix Y CAITII B cHHXpOHHOM pexuMe
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9 2 RB2 [udpoBoii BXOI-BBIXOJT
X Brixon nepenatunka Y CAIIIT B acCHHXpOHHOM peXHUMeE
CK Bxon-Bbixon TakToBbix umnyibcoB Y CAIIIl B cuHXpoH-
HOM PEXKHME
10 3 RB3 [{udpoBoit BX0I-BBIXOT
CCP1 BriBoj 0110k 3axBara-cpaBHeHUsl, Bbixon HIMM
11 4 RB4 [{udpoBoit BX0I-BBIXOT
PGM
12 S RB5 IndpoBoii BXOA-BBIX0/
13 6 RB6 [{udpoBoit BX0I-BBIXOT
T10SO BrIxon TakTOBOrO reHeparopa taiimepa 1
T1CKI CuetHbIll BXx01 TaliMepa 1
14 7 RB7 IndpoBoii BXOJ-BBIX0/
T10S Bxox TakToBOTO TeHEepaTopa TaliMepa 1

9 Brniok matlimepoe-c4em4uKkoe

brok TaiiMepoB-CUETUNKOB MPUMEHSIETCS Ui CIEKEHUs 3a peajbHbIM BpeMeHEeM JTH00
JUIsl TIOZICUETa BHEIIHUX COOBITHH. TaliMep-cueTduk HpeacTaBisieT co00i MporpaMMHUpyeMbIid
CYMMHUPYIOIIUN CUETYHK C BO3MOXKHOCTHIO BHIOOpA MCTOYHUKA CUETHBIX UMITYNIbCOB. Taiimep-
CUYETUYHK CBSI3aH C pErMcTpaMu OOIIEro Ha3HAYEHUs, Yepe3 KOTOPbIE MOXKHO MOIYYHUTh AOCTYI K
uHbOpMaIluU, XpaHUMOHN B HEM, U YIIPABJIATH €r0 paboTOM.

B 3aBHCHMOCTH OT MCTOYHHMKA CUETHBIX MMITYJIbCOB Pa3IM4alOT PEXHUM TailMepa MU
cyeTuMka. B pexxume Taiimepa BeleTCsA CUET UMIYJIbCOB OT BHYTPEHHETO TAaKTOBOI'O T€HEpaTopa
KOHTpoJuiepa. B pexxuMe cueTdnka MoiCUMTHIBAIOTCS. UMITYJIbCHI, IOCTYIAIOIIUE U3BHE HA OJHY
U3 MOPTOBBIX HOXKEK, KOTOPAsi B 3TOM PEKUME CIYKUT CUETHBIM BXOJIOM.

B nanpheiimem Oynem Ha3bIBaTh TOT WJIM MUHOW TalMeEp-CUETUYUK JIMOO «TakMepom»,
IM00 «CYETUYMKOM>» B 3aBUCMMOCTH OT pexuma pabotel. Tam, riae He TpeOyeTcsl moauepKuBaTh
pexuM paboThl, JUIsl KPaTKOCTU OyAeM ynoTpeOssTh Ha3BaHue «raiiMep». Cieayer MOHUMATh,
yto Taitmep O u cyetunk O 3T0 Ha caMOM Jiesie OJIMH U TOT e y3€J KOHTpOoJuIepa.

Muxkpokontpoiuiep PIC16F628 umeer Tpu taiimepa: aBa 8-paspsinabix (Taiimepst O u 2)
u onun 16-paspsaubiii (taiiMep 1). Taiimepsr O m 1 Moryt paborath B peKUME TaiiMepa WA
CUETUYHUKa, TaliMep 2 TOJIBKO B PEKUME TaiiMepa.

PaccmatpuBath paboTy TaiimepoB Oyaem Ha mpumepe Taiimepa 1.

9.1 Pexxum matmepa

Taitmep 1 nocTyneH A YTEHUS U 3alHCH Yepe3 JIBa PEerucTpa CreralbHbIX (YHKIIHHA
TMR1H (OFh) — crapmmii 6aiit 1 TMRIL (OEh) — mnaammii Gaiit. YnpasieHue taitmepom
NPOM3BOIUTCS Yepe3 peructp creruanbHbix Gyakmuii TICON (10h).

B pexume Taiimepa B KaXIOM MAIIUHHOM LUKJIE (MIPH MPEABAPUTEILHOM JICIUTENE
1:1) mpoucxoaut yBenudeHue copaep:kumoro mapsl peructpoB TMRIL, TMRIH nHa exunmumy.
Ha anmapatHOM ypoBHE peanu3oBaH mepeHoc u3 mamimero Oaidita (TMRIL) B crapuimii
(TMR1H), 1. e. mpu nepenoanennn TMRIL aBromatndecku Ha equnauily yBeawuutcs TMRIH.
B ciydae nepenosHeHUs1 Tapbl PETUCTPOB TaitMep cOpachIBaeTCs B HOJMb. B CBSI3U C 3TUM MOXKHO
XapaKTepu30BaTh TailMephl Modyiem cuemad, T. €. MAKCUMaJbHBIM YHCIOM HUMITYJIBCOB, MOCIE
NpUX0Jla KOTOPOTO TaiiMep-cyeTynk cOpachiBaeTcsi B HOub. Taiimepsl O u 1 — nBomunsie. Mx
MOIyJb cdeTa paBeH 2", Tae N— paspagHocTh Taiimepa. Taiimep 2 — IBOMYHO-
KOJMPOBAaHHBII — MOJYJIb CYETa MOXKET MPUHUMATh JTr000e 3HaueHue ot 1 1o 255. [lepenonne-
Hue TaiiMepa (ero cOpoc B HOJb) MOXKHO OTCIEAUTHh Yepe3 CHUCTEMY IMPEPhIBAHUNA MHUKPOKOH-
Tposiepa (OyaeT pacCMOTPEHO MO3/HEE).

OObIYHO TaiiMep He MOXKET (PYHKIIMOHUPOBATH B PEKHMME MOHMKEHHOTO 3Heprocoepe-
xenus (pexxum SLEEP), T. k. ipu 3TOM TakTOBBIN T€HEPaTOp OCTAHOBIICH, U TIOCTYIJICHUE CUET-
HBIX UMITYJIbCOB Mpekpainiaercs. TaiiMep 1 ocHallleH aBTOHOMHBIM TaKTOBBIM T'€HEPATOPOM, KO-
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TOPBIN OcTaeTcs BKIOUEHHBIM B pexxume SLEEP. [Ipu ucnons3oBanun reneparopa iuauu RB6,
RB7 (BeiBoab! 12 u 13) BeimonHsAOT ajdbrepHatuBHble GyHkmun T10SI, T10SO. K Hum mox-
KITFOYaeTCs KBapIeBblit pesonaTop yactotor g0 200 kI 1.

9.2 Pexxum cyemyuka

B pexxuMe cueTdrka BEIETCS CUET MMITYJIBCOB, IMOCTYMAONMX Ha HOXKY RB6. B atom
pexruMe OHa BBIMIONHSAET anbTepHaTHBHYIO QyHKImio T1CLI. Jluaus RB6 o0s3arenbHO qOKHA
OBITh HACTPOCHA Ha BBOJ, T. €. OUT 6 peructpa TRISB momxken conepkars enununy. [lepexito-
YeHHE CYETUYMKA IMPOUCXOIUT TI0 TIepeTHEMY (DPOHTY UMITYITHCOB.

PaznmuyaroT pekMM CHHXPOHHOTO M aCHHXPOHHOrO c4yeTynka. OCHOBHOE OTIHYHE CO-
CTOUT B TOM, YTO B CHHXPOHHOM PEXKHME OMPOC BXOJa MPOUCXOJUT OJUH Pa3 B KaxJIOM Ma-
[IMHHOM ITMKJIe. B 3TOM ciydyae meproJ BXOJHBIX UMIYJILCOB JIOJDKEH MPEBBIINIATH JIATEb-
HOCTh MAIIMHHOTO [MKJIA He MeHee deM Ha 40 ue® [7]. Kpome ToTrO, B *ayIllIeM peXUME, CHH-
XPOHU3AIUS TIPEKpaIaeTcs, U CUeT CTAHOBUTCS HEBO3MOKEH.

B acMHXpOHHOM peXUME IO JAHHBIM TEXHHUYECKOTO OMHCAHUsS [7] MepHoa CYETHBIX
HUMITYJIBCOB JIOJDKEH ObITh He MeHee 60 Hc, T. €. gomyckaeTcs yactora 16,7 x['11. B xxaymem pe-
KUME CUET HE MPEKPAIAETCS.

9.3 lNpedsapumeribHbIU U 8bIXOOHOU Oeniumernu

Taiimep 1 umeeT npenBapUTEIbHbINA IeTUTENb (PEAICTUTEND), KOTOPBIHA MPEACTABIIACT
co0oii ammapaTHblii (AaCMHXPOHHBIHN) CUETYHK-AeTUuTe b, CUeTHbIE MMITYJIbCHI TOCTYMAIOT Ha
BXOJl MPEAJEeNUTENs, a €ro BBIXOJA COEAMHEH c BXoJoM TaiiMepa. Kpome kosddunumenta 1:1
(MOXHO CKa3aTh, MPEAJCIUTENh BHIKIIOYEH) BO3MOXHBI Tpu Koddduimenta nenenus 1:2, 1:4,
1:8. Koaddunment 3agaercs ouramu 4, 5 B coorBercTBHe ¢ Tabuiei 9.1.

Taiimep 2 kpoMe TPEIICIUTENs] UMEET elle M BBIXOJHOW JETUTENb, Yepe3 KOTOPBIHA
CUTHAJI, U3BEHIAIOIINUN O MEePEernoIHeHUH, TOCTYIAaeT B CUCTEMY IpephIBaHUi KOHTposuiepa. To-
rJa IpepbIBaHUE M0 MEPENOIHEHUIO TaiMepa MIPOUCXOAUT Uepe3 Kaxasie M nepenonHenuit, rae
M — Molynb cueTa BBIXOAHOTO JACTUTENS.

9.4 Peaucmp Hacmpouku matumepa T1CON

Kak yxe oTMmeuanoch BhIIIE, yrpaBiicHHE paboTol TaiiMepa 1 MPOW3BOIUTCSA Yepes
PC® T1CON (aapec 10h). ITpuBenem HazHauEHHE €rO OUTOB.

T1CKPS1| TICKPSO|T1OSCEN| TISYNC | TMR1CS| TMRI1ON

7 6 5 4 3 2 1 0

Pucynok 9.2 — Peructp ynpasjenusi Taiimepom 1 T1CON

but 0 (TMR1ON) — 6uT BKJIFOUCHHUS U BBIKIFOUCHUS TaliMepa. 3HadeHue «1» Bkiroya-
eT Taiimep, «0» — BBIKIIIOYAET, CYET 3alpelieH.

butr 1 (TMR1CS) — BbIOOp MCTOYHHMKA CYETHBIX HMITYJIbCOB (BHIOOp peXuma Taii-
Mep/cueTuuk). «1»— peKMM CUeTYHMKa, CYCTHBIE HMITYJIbChl NMpUHHMarTcs ¢ jauHun RB6.
«0» — pexxuM TaiiMepa, CUeT UMITYJIbCOB BHYTPEHHEW TaKTOBOM YacTOTHI.

but 2 (TISYNC) — B pexuMe cyeT4YMKa BHIOMpAeT CHHXPOHHBIA («1») WM acHH-
XpoHHBIH («O0») cuer. B pexume Talimepa 3HaYCHHsI HE UMEET.

but 3 (TIOSCEN) — 3HaueHue «1» BKIIIOYaeT aBTOHOMHBIN TaKTOBBINA T'€HEpaToOp Taui-
Mmepa 1.

buter 4-5 (T1CKPSO, 1) — BbIOOp MpenBapUTEIbHOTO NeNUTeNs (IPeAIeTUuTeNs) B CO-
oTBeTCcTBHE ¢ TadOinuuei 9.1.

5 Ipu ycnosuu, npenaenurens 1:1
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Ta6muna 9.1 — Beibop npeanenurens yepes3 peructp T1CON.

T1CKPS1 T1CKPSO 3HavYCHHE MPEICITUTEIS
0 0 1:1
0 1 1.2
1 0 1:4
1 1 1:8

butel 67 — He UCTIOIB3YIOTCHI.
B 3akiroueHue mpuBeaeM CpaBHHUTEIbHBIC XapaKTEPUCTHKH BCEX TPEX TaiMepoB (CM.

tabmuiy 9.2).
Tabnuna 9.2 — XapakrepucTuku TaiiMepoB MUKpokoHTposiepa PIC16F628
Taitmep O Taiimep 1 Tatimep 2
PazpsimHoCTh 8 16 8
Pexnmsbl CHHXpPOHHBIN CHUHXPOHHBIH, OTtcyTcTBYyeT
CUYeTYHKa ACMHXPOHHBII
[Ipensapu- BeoikiroueH (Mo axIroYeH 1:1, 1:2, 1:4, 1:8 1:1, 1:4, 1:16
TEJIbHBIN K CTOPOXKEBOMY Taiime-
IEINTEND py), 1.2, 1:4, 1:8, 1:16,
1:32, 1:64, 1:128, 1:256
BrixoaHoii OtcyTcTBYyET OtcyTcTBYyET 1:1,1:2,1:3...1:16
JICJIUTENb
Ocob6ennoctu | WMHKpeMeHT o ppoHTYy ABTOHOMHBIN KBapie- | ToJbpko pexxuM Taiimepa.
WM TI0 Cpe3y BHEIIHErO | BbIM T'eHepaTop CUHXPO- JIBonuHoO-
curnana. [Ipeaaenurens | UMITYJIbCOB YaCTOTOM 10 | KOAUPOBAHHBIN (MOIYIb
00IINi CO CTOPOIKEBBIM 200 kIw. cYeTa MPOU3BOJILHBIN OT
TaMEPOM. 1 no 255).
Peructpsl TMRO TMR1H, TMRI1L TMR2
Peructpsi OPTION T1CON T2CON
yIpaBIeHUS

10 Cucmema npepbieaHul
Bo Bpems BeimoHEHUs TporpaMmbl BHYTpH MK uiii B CBSI3aHHOUM ¢ HUM BHEITHEN cpe-

JIe¢ MOTYT BO3HHMKATh COOBITHS, TPEOYIOIINE HEMEUICHHON peakilid Ha HUX CO CTOPOHBI KOH-
Tposuiepa. Peakuus cocrout B ToM, uto MK npepsiBaeT 00paboTKy TeKyleil mporpaMMbl U Te-
PEXOIUT K BBIIOJIHEHUIO JAPYTOM MPOTrpamMMbl, CICIIHAIBLHO MPETHA3HAYEHHOUW ISl TAHHOTO CO-
obiTus. [1o 3aBepiieHHH 3TOM MPOrpaMMbl KOHTPOJIEP BO3BPAIIAETCS K BBHIIIOJHEHUIO MpEpBaH-
HOM IPOrpaMMBl.

PaccmaTtpuBaemblii mpoiiecc Ha3bIBaeTCsl npepvigaHuem MporpamMmbl. [IpuHIMIHANTBHO
BaXHBIM SIBIIIETCS TO, YTO MOMEHTBHI BOSHHKHOBEHHS COOBITHH, TpeOYyIOIMNUX HEMEIJICHHON pe-
aKIIMY 3apaHee HeU3BECTHBI,  IOATOMY HE MOTYT OBITh YUTEHBI IIPH MPOTPaMMHUPOBAHUH.

Kaxnoe coObiTHE, TpeOyromiee MpepbIBaHUs, COMPOBOXKIACTCS CUTHAIOM, OIOBEIIAI0-
MM KOHTPOJIJIEp. DTH CUTHAIBI HA3bIBAIOTCA 3aNpPOCAMU NPEPbl8aHus, a COOBITUS UX MOPOXK-
JAroIIne — ucmoyHukamu npepvisanuil. Ilporpammy, 3aTpe0OBaHHYIO 3alpOCOM TpPEPHIBAHMUS,
OyzieM Ha3bIBaTh npoyedypol 0opabomru npepviéanus, a aipec, o KOTOPOMY OHa pa3MeIlaeTCs
B TIAMSATH TPOTPAMM — 8EKIMOPOM NPEPLIBAHUSL.

Cucmema npepvlganuti TpeACTaBIseT cOOONW COBOKYIMHOCTh amnmapaTypHBIX CPECTB,
HEOOXOIUMBIX JIJISl peaTu3allii MPephIBAHUN TPOTPAMMBI.

Cucrema mnipepsiBanuii MuKpokoHTposuiepa PIC16F628 crmocoOHa BocmpuHUMAThH 3a-
MPOCHI OT JIECATH UCTOYHHKOB!

1 [Tepenonnenne Taiimepa O.
2. [epenax yposus Ha Bxoae RBO.
3. N3menenue ypoBHs Ha muHusx RB4-RB7.
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3apepuieHue 3anucu Bo BctpoeHHoe D13V naHHBIX.
[TepexntoueHne KOMIapaTopoB
3aBepuienue npueMa qanHbix yepe3 Y CAIIIL.
3aBepleHue nepeaadn naHHbIX yepe3 Y CAIIII.
[IpepriBanue ot 6y10Ka 3aXBaTa-CPaBHEHUSI.
BosBpar Taiimepa 2 B UCXOJHOE COCTOSTHUE.

10.  Ilepemomnenue Taiimepa 1.

B MK cemeiictBa PIC16 Bce MCTOYHMKHM TpephIBAHUN CBS3aHBI C OJHUM M TEM JKe
BekTopoM — 04h. DT10 o03HauaeT, YTO TOSBIACHHE JIOOOr0 M3 MEPEUYHMCICHHBIX 3allPOCOB
NPUBENIET K Nepeiaue yIpaBiIeHHss KOMaHIe, pacroioxkeHHou 1o aapecy 04h.

C KxaXJIbIM UCTOYHUKOM IPEPHIBAaHUI CBS3aHBI OUT pa3pelieHus MmpepbiBaHus U Quar
npepbiBanus. Bee oHU pasMeliieHsl B Tpex perucrpax crenuanbHbix ¢ynknuii: INTCON (OBh,
8Bh, 10Bh, 18Bh), PIE1 (OCh), PIR1 (8Ch). PIE1 Ha3bIiBalOT perucTpom yrpapieHus nepude-
puiiHbIMU TIpepbiBaHusIMH, a PIR — peructpom ¢naror nepudepuitaeix npepsiBanmii. K nepu-
depuitaeivM  yerpoiictBam B PIC16 otHecensl BcTpoerHoe DIIII3Y naHHBIX, KOMITapaTopsl,
YCALIIII, 6510k 3axBaTa-cpaBHEHUS, TaitMepsl 1 1 2.

[Tpu oMoty OUTOB pa3pelIeHrss MOXHO Pa3pelnTh WK 3alpPeTUTh KaKI0e MpephIBa-
HUE WHAMBHUYalbHO. ENMHUIIA B COOTBETCTBYIOLIEM OMTE O3HAYAET, YTO MPEPHIBAHUE paspelie-
HO, HOJIb — 3ampeinieHo. Kpome Toro, cymiectByeT oO0muii OUT pa3pemieHus mpepsIBaHui U OUT
paszpeleHus: IpeprIBaHui OT nepuepUHbIX YCTPOMCTB.

@nar npeprIBaHUS YCTaHABIMBAETCS alMapaTypoil KOHTPOJUIEpa B €AWHUILY MPH BO3-
HUKHOBEHUU MPEPHIBAIONIETO COOBITHS, MPUYEM HE3aBHCHUMO OT TOTO Pa3pelieHO MpepbiBaHUe
WIN 3alpenieHo. JTO MO3BOJSET OTCIEKHBATH COOBITHS, HE TpuOeras K MEXaHu3My INpephIBa-
Huii. Ha3HavueHunss OUTOB TpeX pEerucTpoB yIpaBJICHUS IpepbiBaHGsMU cBeeHbl B TaOmiy 10.1.

©ooN O A

Tab6muma 10.1
but pa3spemennus @dunar npepbIBaHus
Nctounuk npepbrIBaHUs PC® u O6o3Haye- PC® u O6o03Haue-
HOMep Outa HHe OuTa HOMeEp OuTa Hue oura
Ilepenonnenue Taiimepa O INTCON [5] TOIE INTCON [2] TOIF
N3menenne yposus Ha RBO INTCON [4] INTE INTCON [1] INTF
Wzmenenue yposHs Ha RB4-RB7 | INTCON [3] RBIE INTCON [0] RBIF
3aBepinenue 3amucu B D3V PIEL[7] EEIE PIR1[7] EEIF
[lepekiroyeHne KOMIapaTopoB PIE1 [6] CMIE PIR1 [6] CMIF
3aBepineHUe MpUeMa JIaHHBIX Ye-
pes YCAIIT PIEL [5] RCIE PIR1 [5] RCIF
3aBepineHue Nepeaun TaHHbIX
aepes VCATIIL. PIEL [4] TXIE PIR1 [4] TXIF
[IpepriBanue ot Gy10Ka 3axBaTa- PIE1 [2] CCP1IE PIR1[2] CCP1IE
CpaBHEHUS
[IpepsiBanue oT Taiimepa 2 PIE1 [1] TMR2IE PIR1[1] TMR2IF
ITepenonnenue Taiimepa 1 PIEL[Q] TMRI1IE PIR1[0] TMRI1IF
061111:11/1 OUT paspermeHus mpephbl- INTCON [7] GIE
BaHUIA
but paspellleRHs NPephIBARMI OT | |\ T~ [6] PEIE
nepuepuiHBIX YCTPOUCTB

PaccmoTpum noapobHee Mexanu3M 00paboTku npepriBaHnii. Kak TobKo anmaparypoit
KOHTPOJUIEpa paclo3HaeTcsl MpepbIBarollee COObITHE, YCTAHABIMBAETCS COOTBETCTBYIOLINM (iiar
IIpEepbIBaHMs.

Jlis 3ammycka MexaHu3mMa 00pabOTKH MPEPHIBAHUN HEOOXOAMMO BBITIOTHEHHUE YCIIOBHIA:
1. naHHOe mpepbIBaHHE PA3PELICHO;

2. ycranosieH out GIE
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3. ycranosien out PRIE (Tonbko uist nepudepuiiHbIX MpepbIBaHuUil)
Ecnu Bce Tpu ycrnoBHUS BBINOJHEHBI, TO allapaTHO BBIMOIHSAIOTCSA CIEAYIOIUE AecT-
BUS
1. but GIE cOpacwiBaeTcss B HOb. TakuM 00pa3oM, Ha BpeMsl BBITTOJTHEHHUS TPOLeIypbl oOpa-
OOTKM MpephIBaHUs BCE MPEPHIBAHNS aBTOMATHUYECKH 3aIPEIIAI0TC.

2. B crek 3aHOCHUTCS COAEP)KUMOE CUETYMKAa KOMaHJI. B 3TOT MOMEHT OH yKa3blBaeT Ha clie-
TYIOUIYI0 KOMaHy — 3TO aJpec BO3BpaTa U3 Mporeaypsl 00pabOTKH MpephIBaHUS.

3. Vmpasnenue nepeaaercs Ha aapec 04h mamsatu nporpamMmm — BEKTOp TpEpbIBAHHUS.

[Tpouienypa oOpaboTku mpepbiBaHuil 3akanumBaeTcs komanmo RETFIE. Tlpu atom

BBITIOJTHSIOTCS CJIEIYIONINE ACHCTBUS:

1. but GIE ycranaBnuBaercs B equHuUIly. Bee npepbiBaHNs BHOBb pa3peraroTCs.

2. U3 creka u3BlekaeTcsa aJpec BO3BpaTa W 3allMChIBACTCS B CYETUYMK KOMaH[. BolmonHeHue
MIPOTPaMMBI MPOJIOIKAETCS ¢ TOTO MECTa, Ha KaKOM OBIJIO IPEPBAHO.

[Ipu 5TOM cneayeT OTMETUTh Pl BaXHBIX 0COOEHHOCTEH, KOTOpbIe HEOOXOIUMO y4u-
TBIBATh MPU MPOTPAMMHUPOBAHHU.

1. ®nar npeppiBaHUs anmapaTHO YCTAHABIMBAETCS B €IWHUILY NPU BO3HUKHOBEHUU
IPEpHIBAIOIIETO COOBITHS, HO HE cOpachIBaeTCsl B HOJIb, MO 3aBEpPIICHUH 00pabOTKM MpephiBa-
Hus. COpoc HEOOXOAMMO BHITIONHATH TPOrPAMMHO BHYTPH MPOIETypbl 00pabOTKU pephIBaHUIA,
Hanpumep komanaoi BCF. Muave nocie Bomonnenus: komanasl RETFIE BmMecTo oxunaemoro
BO3BpaTa CHOBAa HAa4yHET BBIMOJIHATHCA Mpoleaypa oOpaboTku mpepwiBanuii. Komanay cOpoca
¢ara mpepeIBaHUN peKOMEHyeTCsl TIOMeNIaTh HermocpeAcTBeHHO nepen komannoii RETFIE. B
HEKOTOPBIX ciay4asx cOpoc ¢uaroB B Hayaie MpOIEaypPbl MOXKET MPUBECTH K TOMY K€ 3alHKIIH-
BaHUIO.

2. B GonbpIIMHCTBE CIy4aeB B CaMOM Hauaje MpoIeaypbl 00pabOTKH MpepbIBaHUN He-
00XOAMMO COXpaHSATh COCTOSHHE KOHTPOJUIEpA, @ UMEHHO COAEPKUMOE PETrHuCTpa COCTOSHHSA
STATUS n akkymymsitopa W. Jlermo B TOM, 94TO B TIPOIIECCE BBIMTOTHEHUS MTPOIIEAYPHl 00pabOTKH
NPepBIBAaHUM 3T PETUCTPHI CKOpEe BCEro OYAYT M3MEHEHBI, a CIeI0BATEeIbHO UX MPEXKHHUE 3HA-
YEeHHUsI, UCTIONIb3yeMbIe B OCHOBHOM MporpamMme, OyayT notepsinsl. [IpeHedpexeHre 3TuM mpaBu-
JIOM TPUBOJUT K BOZHUKHOBEHHUIO Y HAYMHAIOUINX MTPOrPAMMHCTOB OOJIBIIOTO YKCiIa cO0EB Mpo-
TpaMMBl, IPOSBIIEHUE KOTOPBIX HOCUT CIyYalHBINA XapaKTep U TPYJHO TUATHOCTHPYETCS.

Jlnist coXpaHeHHs COCTOSIHUSL HEOOXOIMMO BBIJICIUTH JIBa PETHCTpa O0IIEeTro Ha3HAUYCHUS.
PexoMenayeTcst HCTIONb30BaHUE CIEAYIONIEro KOo/a:

1. nmovwf w_tenp
2. swap status, w
3. nmovw stat_tenp

3nece W_TEMP u STAT_TEMP — 3apanee oO0bsBICHHBIE PETHCTPHI 00IIEro Ha3HA-
YyeHus. BriojgHe oueBUIHO, YTO COXpaHEHHE aKKyMyJisiTopa BeimoiHseTcs komangoi MOVWF. B
TO Bpems Kak Juist coxpanenusi STATUS nonb30BaThcs KOMaHIaMH MIEPECHUTKU HETb3s, TOTOMY,
YTO OHU CaMU BJIMSIOT Ha (hjaru COCTOSHUSA, T. €. Ha cojepxkumoe peructpa STATUS. Tloaromy
BO3MOKHO ipuMeHeHue b komana SWAPF u MOVWEF, ve uzmensitonux ¢uaros.

BoccTraHoBiieHre COCTOSTHUS BBITIOHSAETCSI B CAMOM KOHIIE MPOIIETyphl B 00paTHOM T0-

CJI€OBATEIIbHOCTH.
1. swap status, w
2. nmovw stat_tenp
3. novf w_tenp, w

Eme pa3 nmoguepkHem, 4TO KOMaH/bl COXPAHEHHUSI U BOCCTAHOBJIEHUS COCTOSIHUSI PEKO-
MEH/TyeTCs IIOMEIIaTh HEMOCPEICTBEHHO B HAaYaJIe U B KOHIIE TPOIEypbl 00pabOTKH MpephiBa-
HUMH.

11 MpumeHeHue malimepa 015 hopMupoO8aHUsl 8PeMeHHbIX UHMepeasios

3amada reHepUpOBaHU MPSMOYTOJIBHBIX UMITYJIBCOB CBOIUTCA K (hOpMUPOBAHMIO Bpe-
MEHHBIX MHTEPBAJIOB M M3MEHEHMIO JIOTMYECKUX YpOBHEW Ha BbIBOZax MK B KOHIIE KaKnoro
BpeMeHHOro uHrepBana. Haubonee rubkoe penieHue Noay4aercs: ¢ UCHOIb30BAHUEM NIPEPHIBA-
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HUH 110 NepenoaHeHuIo Taiimepa. Torna KoMaH 1bl, U3MEHSIOLUE JIOTHYECKUE YPOBHU Ha BBIBO-
nax MK, nomemnarorcst BHyTpHU NpoLeaypbl 00paboTKH NnpepblBaHuil. B pa3HbIX ciydasx MOXeT
OBITh yIOOHO (JOPMHUPOBAHUE WHTEPBAJIA, PABHOTO MIEPUOJY, a Yalle NMOoJOBUHE nepuona. Torma
4acTOTa MOBTOPEHMSI TPOLIEYPhl BABOE MPEBBIIIAET FEHEPHUPYEMYIO YACTOTY.

JUTUTETbHOCTh MHTEpBaia, 10 MCTEYEHUH KOTOPOTOo OyaeT BhIpAaOOTaHO NpephIBAHUE,
OIpeieNsIeTCsl TAKTOBOM 4acTOTONH KOHTPOJUIEpPA U COAEPKUMBIM TaiiMepa B HaualbHbII MOMEHT
BpeMeHu. YeM Oolbllie HadyalabHOE 3HAYCHHE TaliMepa, TeM ObICTpee MPOU30UIET €ro Meperno-
HEHHME U TeM MEHbIle JJIUTEIbHOCTh MHTepBaja. Eciin B HauanbHbI MOMEHT BpEMEHH Taiimep
cojlepKall HyJIeBOE 3HAYCHHE, TO PephIBaHHE IIPOM30iieT depes 65536-0,2:10 % » 13,1 mc, e
0,2:10"°c — mmTenEHOCT MAITHHHOTO MUKTA. IIpeonaraeTcs, 4To TAKTOBAs YacToTa paBHA
20 MI'n u mpenBapUTENbHBINA JIENUTENh TakMepa OTCYTCTBYET. VI3MeHssi HaualbHOE 3HAYECHUE
TaiiMepa MOXHO c(hOpMHUPOBATh BPEMEHHON MHTEpBaJ JII000H ATUTEIBHOCTH ¢ aOCOIIOTHOM MO-
TPEeIIHOCThI0 TeopeTndecku He 6onee +100 He.

PaccmoTtpuMm npumep ucnonb3oBaHus HpepbiBaHMM. [IporpaMma, nmpuBefeHHas HUXKE,
oOecrneurBaeT TeHEPUPOBAHUE HA BCEX JIMHUAX NopTa B mpsMoyroiabHbIX MMITYJIBCOB 4acTOTOM
npumepro 1 kI'u. [Ina ¢popMupoBaHus BpeMEHHBIX MHTEPBAJIOB MCIIOJIB3YETCS MPEpPhIBAHNE OT

Taiimepa 1.
Onmucanme PC®

status equ 03 ; PerMcTp cocTosHUS

porta equ 05 ; DopT A

porth equ 06 ; HopT B

i ntcon equ 0B ; PermcTp ynpaeBleHusl NpepHBaHUSIMU
pirl equ oC ; PerucTp Onaroe npepsBaHMit

pi el equ 8C ; PeruMcTp ynpaeneHusl NepmnbepuitHEIMMU NPepHBaHUAMU
tnr 1l equ OE ; Mnapgumiz Bamr Taimepa 1
tnr1h equ OF ; Crapumiz BamT Taimepa 1
tlcon equ 10 ; PerucTp ynpaeneHust TarMepom 1

, Onucaume POH

w_tenp equ 20 ; PerMcTpH AJISI BPEeMEHHOTO. . .
stat _tenp equ 21 ;... XpaHeHUsI COCTOSIHUS

1. goto start

2. org 4 ; Ipouenyps o6paboTkM NIpPepHBaHMUIA
3. nmovwf w_t enp ; COXpaHeHre COCTOSIHUSI

4, swapf status, w

5. nmovwf stat_tenp

6. conf porth, f ; UnBepcusi nopra B

7. bcf tlcon, O ; OcTaHOBUTE TanMep 1

8. nmov| w OF6

9. novwf tnr 1h

10. nmov| w 3C

11. novwf tnril

12. bsf tlcon, O ; OcTaHOBUTE TanMep 1

13. bcf pirl, O ; CBpoc dnara npepmBaHus
14. swapf stat_tenp, w ; BocCTaHOBIEHME COCTOSITHUSI
15. nmovwf stat us

16. nmov f w_tenp, w

17. retfie

start ; OCHOBHas mporpamMMa

18. mov| w b' 00111111' ; HacTporika Ha BEOZ. . .

19. tris porta ;... moopra A
20. movl w b' 00000000" ; HacTpolka Ha BHBOZ. . .
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21. tris porth ;... nopra B

22. clrf portb ; C6poc B HONb mnmMHMM nopTa B
23. movl w b' 00000001" ; HacTporka m Banyck TanMepa 1
24, movwf tlcon
; HacTporika mnpepsBaHM
25. nmov| w b' 11000000' ; PaspemeHne nepmbepmitHEX NPEePHBaHNA
26. nmovwf i nt con
27. bsf status, 5 ; Bei6op cTpaHuusl namsTi 1
28. nmov| w b' 00000001" ; PaspelleHne npepsBaHMsi OT TaiiMepa 1
29. novwf pi el
30. bcf status, 5 ; BosBpaT Ha crpanumy namstu 0O
| oop
31. goto | oop ; BeUHBIT LMKJII
end

[TepBas koMaHa HEOOXO0IMMA JIJISL TOTO, YTOOBI «OOOUTH» Mpoleypy 00padoTKH Tpe-
PBIBAHUN U MPUCTYIUTH K BBIMOJIHEHUIO OCHOBHOMW MporpamMmbl. Ha Hauamo ocHOBHOI mporpam-
Mbl ykasbiBaeT MeTka START (komanma Nel8). Komannsr Nel8—22 moaroraBimBarOT MOPTHL K
pabote. Bce nuHMM mopTa A HacTpauBarOTCS HA BBOJ ITyTEM 3allUCH €AWHUI] B peructp TRISA
komauaoi TRIS; mopt B HacTpamBaeTcst Ha BBIBO/I.

Komannpr Ne23, 24 nactpauBaroT Taiimep 1. 371€Ch UCIONIB3YeTCS IBOUYHOE MPEICTaB-
neHue yucna. Takas 3anmuch yrpomraer 3ananue kaxaoro oura PC®. Hactpoiika mpon3BoauTCs
B COOTBETCTBHE ¢ pucyHKoM 9.2. Tailmep-cueTdynK 3alyckaeTcsl B pekUMe Taiimepa, mpeaBapu-
TEBHBIN JCITUTEIb BEIKITFOYACTCS.

Hacrpoiika npepsiBanuii (komauasl Ne25-30) BbImoHsI€TCSl B JBa dTana. Bo-mepBbIX,
YCTAHABJIMBAIOTCS OOMIMK OWT paspemieHus NMpepbiBaHUuil M OUT pasperieHus: nepudepuitHbIX
npepeiBanuii B peructpe INTCON (cm. Tabmuiry 10.1). Bo-BTopsix, paspemiaercsi mpephlBaHHe
ot taiimepa 1 uepe3 peructp PIELl. Cnenyer yuuteiBath, uto PIE1 pacnonoxen Ha nepBoit
CTpaHUIIE TMaMsTH, TO3TOMY IPEkKIE YeM OOpaTUTHCA K HEMY HEOOXOIUMO MEPEeKITI0YUTh CTpa-
auiy (komanma Ne27), a mociie oOpaiieHus BHIOpaTh UCXOAHYIO HYJIEBYIO CTpaHUIly (KOMaHa
Ne30).

Jlanee KOHTpOJIEp NMEPEXOAUT K BHIMOIHEHUIO BeyHoro nukia. Komanga Ne31 Beimos-
HSIET Tiepexo]l Ha camy ceOs. [lukn Oyaer nmepruoauveck MpUOCTaHABINBATHCS MTPEPhIBAHUEM OT
taiimepa 1.

PaccmoTpum niporienypy oopabotku npepoiBannii (komanasl Ne3—17). Ha Bropoii cTpo-
Ke pacrojio’keHa aupektuBa accemoOnepa ORG, 3anaromas aapec cieayromieit komanasl. [pore-
Jypa HAuMHAETCsI ¢ COXpaHeHus cocTostHus (KoMaH el Ne3-5). DTH KOMaH/IbI BKJIIOYEHBI B TIPO-
rpaMMy JIMIIb Ui TIpuMepa. 3/1eCh COXPAaHATh COCTOSHUE HE 00s3aTE€NbHO, MOTOMY YTO OCHOB-
Hasi 4YacTh MPOTPaMMBbI IIPECTABISET COOOW BEUHBINM UK U HE MCIIONB3YEeT HU aKKyMYJsTOPa,
Hu peructpa STATUS.

H3menenne ypoBHed Ha BbiBojiax mopta B Bemonnusiercs komannoit COMF (iornue-
ckast uHBepcus). Takum 00pa3oM, KakIbli pa3 MpH MEpernojHeHHH Taiimepa ypoBHH mopTa B
MEHSFOTCS Ha MPOTHBOIOIO0XKHBIE. OUeBUAHO, YTO MHTEPBAJ BPEMEHH OT OJITHOTO MEPETIOTHEHHS
JI0 IPYTOro COOTBETCTBYET MOJIOBUHE MEPHO0/ia TEHEPUPYEMBIX UMITYJIHCOB.

Komannpr No7—15 ciykat aJis mprcBaMBaHUs TaliMepy HA4aJbHOTO 3HAYEHUS, OIpe/ie-
JISIOUIET0 YaCTOTY BBIXOJIHBIX UMITYJIbCOB. PaccunTaem HayalbHOE 3HAUYECHUE Taiimepa.

XKenaemast vactora f=1000 I'u, nmepuon T=103c. Omnpenennm kommmyecTBo N manmH-
HBIX IIUKJIOB KOHTPOJJIEPa, COOTBETCTBYIOIIMUX MOJOBHHE MEPHOJIa TeHEPUPYEMOT0 CUTHAA.

N = _T2_ = 2500,

0,240°°
rae 0,2:10° — JUINTEeNbHOCTh MAIIMHHOTO LHKIA MUKPOKOHTPOIUIEPA TPH TAKTOBOI YacToOTe
20 MTI'i. HauanbHOE 3HaueHue TaliMepa OMpeesieTcss Kak pa3HOCTh MOyJsl cuera Taiimepa M
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w uncia N. OGO3HayMM HavyanbHOE 3HAYeHHWe Taiimepa OykBoii C, torma C=M-N=2'°-
—2500=63036. D10 ymncio HeoOXOAMMO pa3MecTuTh B ABYX peructpax TMRIH u TMRIL, mo-
ATOMY MEPEXOUM K IIecTHAAIaTepuaHoi 3anmucy uncia: 63036,0=F63Cis 1 BeIIEISIEM CTAapIINii
u Mutaamui 6aiitel: F6 u 3C.

Taxoii pacuer sIBISICTCSI HETOYHBIM, TTIOTOMY YTO HE YYHTHIBAET BpEMs, 3aTpadynBaeMoe
Ha BeIoTHeHUEe KoMaHa Ne3—12. [Tostomy nmpu N=F63C;s nmeproa moBTopa mporeaypsl COCTaB-
masier He 500 mkc, a 502 mxc. IIpoBoauTh TOYHBIN pacueT HemenecoodpasHo. s sToro mpu-
[UIOCH ObI BPYYHYIO MIEPECYUTATh BCE KOMAaH[bI C Havala Mpoleaypbl 00pabOTKU MpepbhIBaHUN
JI0 3aIycKa TaiiMepa, yU4UThIBas MPH 3TOM BpeMs uX BbimosHeHus (1 vau 2 MallnHHBIX IHKIIA).
Ha mpakTuke HauanbHOE 3HaU€HHE TaliMepa PacCUYUTHIBAETCS MPUOIMKEHHO, MEPHO]] MOBTOpa
OTIpeIeNeTCs AKCIIEPUMEHTAIBHO TIPU MTOMOIIX OTJIAJI0YHBIX CPEJCTB, a 3aTeM KOPPEKTHUPYETCS
(moaronsiercs).

[TpucBanBanue TaiiMepy HadaabHOTO 3HAYCHHS BBIMIOJHSETCS B JBa dTama. CHadana
crapmmii 6aiit (komauael Ne8, 9), 3atem mmagmuii (komanasl NelO, 11), X0Ts MOKHO U Ha000-
poT. B 3TOli cBsI3U cienyeT OTMETUTh BaXKHYI0 OCOOEHHOCTb. 3allich B TaliMep BEJETCs MOOaNT-
HO, TIOSTOMY B KaKOW-TO MOMEHT TaliMep COAEPKHUT HEKOTOPOE MPOMEKYTOYHOE 3HAUEHHE —
cTapimuii 6aiiT 0OHOBIIEH, a MITAIIUI eme HeT. Eciu B 3TOT MOMEHT O4epeHON MHKPEMEHT
TaliMepa BBI30BET MEPEHOC U3 MJIAJLIETo OaiiTa B CTapuIuii, TO pe3ylbTUpYyIolee 3HaYeHUE Taii-
Mepa OyIeT OTIMYaThCs OT JKemaeMmoro. lIpomumocTpupyeM Takyl CHTYalUI0 IPUMEPOM.
[Tycth TpeOyertcs 3anucaTh B Taiimep mectHaaatepuanoe unciio 102016, B Tabnuie npusenex
¢parMeHT MporpaMMbl W 3HAYCHUS TailiMepa B KaXXIOM MamluHHOM Iukie. J[ns ymoOcTBa Ma-
[IMHHBIE [IUKJIBI TPOHYMEPOBAHHI.

Tabmuma 11.1 —
Ne Ma. Komanna Conepxxumoe Taiimepa [Ipumeuanue
LUKJIA TMR1H TMRI1L

1 nmovliw 10 00 FE Taiimep conepxur O0FE

5 movwE  tnt 1h 10 = Crapmiemy 06aiiTy NpHCBOCHO 3Haue-
nue 10

movlw 20 1 00 Muagmuii 6ait nepenoanIeTcil, BBI-

3bIBasi MHKPEMEHT cTapiiero 6aiira

4 movwf  tnr 1l 11 20 Taiimep conepxut 1120 Bmecto 1020

UToObl MPeIOTBPATUTh TaKylO OMIMOKY HY)XHO OCTAHABIIMBATH TalMep, MPEXKIe UeM
oOpaiatecsi K HEMY JJIsl YTEHHsI WIM 3allUCH, a 3aTeM CHOBa 3allyckaTh. B paccmaTpuBaemMom
npuUMepe MPOrpaMMBbl JUIS 3TOTO ciykaT koMmauasl Ne7, 12. CymiecTByeT U Jpyroi crnocod —
ounmath komanaor CLRF mnanmuii 6aliT TaiiMepa mepes 3anuchio crapiiero 6arra. Ho Torma
HE00X0IMMO COOIOIaTh 0UYEPETHOCTH 3aMMCH: CHavaa cTapiuii 0aiT, 3aTemM MiaIIImi.

Komanma Nel3 ounimaer pyiar mpepbIBaHus, IPEAOTBPAIast €ro MOBTOPHYIO 00paboOTKYy.
Komanger Nel4—16 BoccTaHaBIMBAIOT COCTOSHUE KOHTpOJUIepa. BeIXoa w3 mporeaypbl oOpa-
00TKM TIpepbIBaHui ocymiecTBiseTrcs komanaon RETFIE.
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COKpaLueHUﬂ, ucriosib3yemMbie 8 meKcme

AJIY — apudMeTnKo-I0rHIecKoe YCTPOHCTRBO.

MK — MUKpPOKOHTPOJIIED.

MII — muxkponpoueccop.

I/l — mamMsATh JaHHBIX.

II3Y — nocTosiHHOE 3aIOMHUHAIOIEE YCTPONUCTBO.

IIII — nmamsATh nporpamMm.

POH — peructp o611ero Ha3HaYEHUS.

PC® — peructp cnenuanbHbIX (HYHKIIHH.

YCAIIII — yHuBepcaabHbI CHHXPOHHO-aCUHXPOHHBIHN pUEMoIepeIaTuuK.
HITOC — mudpoBoii nporeccop 00pabOTKH CUTHAJIOB.

IM3Y — saeKkTpudecKy NnepenporpaMmmMmupyeMoe MOCTOSTHHOE 3alIOMUHAIOIIEE YCTPOMCTRO.
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