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CamocrositenbHas padota Nel
Cucrtema komas i MUKpokoHTposutepoB Microchip PIC16. O0bsBieHus
IIEPEMEHHBIX, MIEPECHIIKU, BHIYUCIICHHU.

1 Kparkune TeopeTrdecKne CBEACHUS

MukpoxkonTposuiepsl cemeiictBa PIC16 umeror odeHb 3G PEeKTUBHYIO
CHUCTEMY KOMAaHJ, COCTOSIIIYIO BCETO U3 35 MHCTPYKIMU. BCe HHCTPYKIIMA BbI-
MOJIHAIOTCSA 32 OJVH IMKJI, 32 UCKJIIOUEHUEM YCIIOBHBIX MEPEXOA0B U KOMAH/,
M3MEHSIIOIUX MPOrPAMMHBIA CUETYMK, KOTOPBIE BBIMOJHSIIOTCA 3a 2 IMKIIA.
OIMH UK BBIOJHEHUS UHCTPYKLIHUU COCTOUT M3 4 MEPUOJ0OB TAKTOBOM 4YaC-
TOThl. TakuM oOpa3zoMm, mnpu yactore 4 MI'L, Bpems BBINIOJIHEHUS WHCT-
pykuuu coctapisieT 1 Mkcek. Kaxknass HHCTpyKiusa cocTouT u3 14 our, ne-
JSIMXCA HAa KOJ ONepalud W omnepaHj] (BO3MOXXHA MAaHUNYJSIUS C peru-
CTpaMu, STYEHKaMH MaMSTH U HEMIOCPEICTBEHHBIMU JaHHbIMU). CucTtema Ko-
MaHa MUKpokoHTposuiepoB PIC16 nipencrasnena B Tabnuie 1.1.
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Pucynok 1.1 — Cxema BkJItOUeHUSI YCTaHOBKM CaMOCTOSITEIbHYIOOHM pa-
00T1bl Nel (ocHMIIIATOP M MUTAHHE MUKPOKOHTPOJLIEPA B CXEME HE MOKA3aHbI)

[IpuHIMNIUanbHasT cXeMa YCTPOMCTBA MWHIAUKAIUH, KOTOPOE MBI
OyZleM HMCIOJb30BaTh JJIsl JIEMOHCTpanuu padoThl ocHOBHbIX kKomaHj PICI16,
npuBeaeHa Ha pucyHke 1.1. YcTpolcTBO COCTOUT W3 8 CBETOJUOAOB C TO-
KOOTpaHWYMBaIOMUMK  pesuctopamu (auon D9 BkitoueH ¢ mapajuienbHBIM
CBETOAUOIY KOHJIEHCATOPOM ISl IEMOHCTPALMH 3(P(HEKTa «IUIABHOTO0» BKIIIO-
YeHUS-BBIKIIIOUeHUs1). KaxIblii BBIBOJ] MHUKPOKOHTPOJJIEPOB CEMEUMCTBa
PIC  MoOXeT HemoCpeICTBEHHO YNPABIATh CBETOAMOIOM 0€3 JOTOJHUTEIb-
HBIX YCUJIUTEIICH.

HauyneMm ¢ onucanusi 6a30BOro Koja, KOTOpbId OyAeT HCHOJIb30BaH B
Hammx npumepax. Bece kox 1m0 crpoku ¢ BeipaxkeHuemM ORG 0 ycnoBHO



Ha3bIBACTCS CEKLMEN 3arojoBKa. B cekiuu 3arojioBka WM ONPEAEIISIIOTCS J10-
rUMYECKUE UMEHA JIJI1 BCEX MCIOJIb3YEMBIX B IIPOEKTE PECYpPCOB - TMOPTOB,
OMTOBBIX U OANUTOBBIX MEPEMEHHBIX U PETUCTPOB, WJIU MOJKIIOUYAOTCS CTaH-
naptHbie (aitnbl onpeaeneHuii. Hampumep, MOXHO HETOCPEICTBEHHO OMpeie-
JINTH JIOTHYECKUE UMEHA TaK:

; OIIMCAHUE OINEPAIMOHHBIX PETHUCTPOB

TMRO EQU Olh
PC EQU 02h
STATUS EQU 03h
FSR EQU 04h

A MOKHO BKJIIOYHUTH CTaHIapTHBLIC OIIMCAHHA KOMaHI[Oﬁ
#include pl6£f877.1inc

ba3oBblii KO IPOrpaMMBbI JIJIsI MUKPOKOHTPOJUIEPA MOKA3aH HUXKE:

; HasHaueHune -
;CxeMa BKJIIOUEHUSA
;ABTOP HNPOTPaMMEl =... .

listp=16£877 ;JIMCTUMHT OJI19 KOMaHTI
; MUKPOKOHTpPOJIJIepa 16F877
#include pl6£f877.inc ;OnpeneseHusa s
; MUKPOKOHTpPOJIJIepa 16F877
; OnpenersieHre IepeMeHHEIX
; Hanpmmep Tak:

SCRATCH EQU 0x20 ;PerucTp
org 0x00
nop ;lleprasg omnepaumsa — nop Ojag

; BHYTPUCXEMHBIX OTJIaOUMKOB
goto start ;"CranpmapTHOoe" Hauajso
org 0x8
start ;MeTka Hauajla NpOI'paMMbL
o VHMIMaIM3aumMsa MIOPTOB M T.J.——————————————
bsf STATUS,RPO ; Peructp TRISB He B

; HyJleBOM cCTpaHuie'!

movlw 0x00 ;BCe BHIBOIEH PORTB kakK BBIXOJILBI
movwf TRISB
bcf STATUS, RPO ;Bo3Bpamaemcsa K

; HYJIEBOM CTpPAaHMlEe

;3Iech HeNOoCpeICTBEHHO IIpoTrpaMMma
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End ; KoHel nporpaMMel

n.n

Bce cTpokm, HaumHarommuecs coO 3Haka ;", BOCOPUHHMAIOTCS ac-
cemOnepoM kak kommeHTapuu. Pasdepem Boeipaxkenne «SCRATCH EQU
0x20». AccemOnep noacrasisieT 3HaueHue 0x20 Bcskuii pa3, KOTrjaa BCTpe-
tutTcs ciioBo SCRATCH. Cnoso "EQU" o3HayaeT SKBHUBaJICHTHOCTh. TakuMm
obpazom, mpucBauBaercs cuMBosiam SCRATCH 3nauenne 0x20. ITlomp3oBa-
TeJIbCKUE peructpbl B MukpokoHtpoiiepe PIC16F877 naunnatorcs ¢ aapeca
0x20. Hcnosib30BaHHE CUMBOJIBHBIX HMEH YCTPAHSIET JBYCMBICIECHHOCTh H
MO3BOJIACT OOJIETYUTh YTEHUE HCXOJHOTIO TEKCTa.

[lepen TeM, Kak HavyaTh UCMOJHIEMBIN KOJ, HEOOXOIUMO 3aJaTh BbIpa-
xkenne ORG 0. DrTo ykazarenp 1jig acceMOjiepa, 4TO KO, CICAYIOIIMH 3a
STHUM BBIPAKCHUEM, HAayumHAETCA C HyleBoro azapeca OJIIII3Y. Bripaxe-
Hue "ORG" ucnonp3yercs I pa3MeIieHnsi CECTMEHTOB KOJia MO Pa3IMYHbIM
anpecaMm B npeaenax pasmepoB DIIII3Y. Eme omgno Beipaxxenue ORG Ha-
XOOUTCS Tieped METKOW start, uMmeronien agpec 0x8, Kak 3a1aHO BBIPAXKECHUEM
ORG 0x8. McnonHsgeMblil KO JOJKEH 3aKaHUMBaTbCsl aupekTuBori END,
O3HAUaIIIEH, YTO 3a OTOH JUPEKTUBOM OTCYTCTBYIOT MCIOJHSIEMBIE KO-
MAaHJIbI. IIpu Bxmoyennn nutanuss PIC16F877 mnepexomutr Ha ajapec
000h. IlepBasi mHCTpPyKIMsA, KOTOpass OyAET BBHIMOJHEHA MPOIECCOPOM, ITO
komanga NOP.



Tabmmna 1.1 — Ciucok komang MukpokoHnTposiepos PIC16

MHemOoHMKa 14-paspagHbId Kog Wam.
KOMaHObl Onucanve Huknos But 13 | Bur 0 | chnaru fpum.
BalT OpUeHTUPOBAHHLIE KOMaHAOLI
ADDWF f,d Cnoxwenwe Wu f 1 00 0111 Afff f£ffff | CDC.Z 1,2
ANDWF f.d MNoGurHoe "W W i 1 00 0101 Afff Lfff Z 12
CLRF f OumncTuTe f 1 00 0001 1fff £fff Z 2
CLRW - OMUcTUTE W 1 00 0001 0xxx XXXX Z
COMF f.d WHBepTMpoBaTs f 1 00 1001 4Afff £fff Z 1.2
DECF f.d Beivects 1 ma f 1 00 0011 AFff EFfff Z 1,2
DECFSZ f.d Beidects 1 13 f 1 nponycTuTs ecnin 0 1(2) 00 1011 Afff £fff 1,23
INCF f.d MNpubasute 1 KT 1 00 1010 Afff £fff Z 1,2
INCFSZ f.d MNprBaeuTe 1 K f W NponycTUTs ecnn 0 1(2) 00 1111 Afff E£fff 1,23
IORWF f.d MNoButHoe 'MW W n f 1 00 0100 Afff £fff Z 1,2
MOVF f.d MNepecnartk | 1 00 1000 Afff Lfff Z 12
MOVWF f MNepecnate W e f 1 00 0000 LEff ££ff
NOP N Het onepauuu 1 00 0000 0Qxx0Q 0000
RLF f.d Linknuueckin caoswr f BNeB0 Yepes NepeHoc 1 00 1101 Afff £fff C 1.2
RRF f.d Uuknuyeckiin cagur f BNpaso Yepes NnepeHoc 1 00 1100 Afff £fff C 12
SUBWF f.d Bemects W oms f 1 00 0010 AEEf ££ff | C.DC.Z 1.2
SWAPF f.d [MoMeEHATE MECTaMK NONYSaWTEl B pervctpe f 1 00 1110 Afff f£fff 1.2
XORWEF f.d MNoBuTHoe 'MoiknoYarwees W Wi f 1 00 0110 Afff £fff Z 1,2
BUT OpHeHTMPOBaHHLIE KOMaHAL!
BCF f.b CuncTuTe BUT b B pervctpe | 1 01 00bb bEff FFfff 1,2
BSF f.b YCTaHoBWTe BKMT b B perucTpe f 1 01 0lbb bfff EE£ff
BTESC f.b glg_lop?%pmb Gut b B peructpe I, NponycTute 1(2) 01 10bbh bBEEE FEEE 3
BTFSS f.b glénﬁp??pmb 6uT b B pervctpe [, nNponycTute 1(2) 01 11bb bEEE FEEE 3
Komanabl ynpagneHusa W onepaumi ¢ KOHCTaHTaMK
ADDLW K CNoMnTe KOHCTaHTY © W 1 11 111x kkkk kkkk | CDCZ
ANDLW k MNofuTHoe 'WI' KOHCTaHTEl W W 1 11 1001 kkkk kkklk Z
CALL k Bbi30B NOANDOrpaMMEl 2 10 0Kkk kkkk kkkk
CLRWDT - O4nucTuTe WOT 1 00 0000 0110 0100 [-TO-PD
GOTO k BeaycnoBHLIA NEpexos 2 10 1kkk kkkk kkkk
IORLW K NoButHoe 'MW koHCTaHTRI U W 1 11 1000 kkkk kkkk Z
MOVLW k Mepecnark KOHCTaHTY B W 1 11 00xx kkkk kkkk
RETFIE _ BosspaT w3 noanporpammsl C paspelleHuen 5 00 0000 0000 1001
NpepeisaHuA
RETLW K Boaepar M3 NOANpOrpammel ¢ 3arpysKon 5 11 Olxx kkkk kkkk
HOHCTaHTEl B W
RETURN - BosepaT M3 nognporpammel 2 00 0000 0000 1000
SLEEP - MNepedTn B pexum SLEEP 1 00 0000 0110 001l |-TO-PD
SUBLW k Bbivects W M3 KOHCTAHTBI 1 11 110x kkkk kkkk | C,DC.Z
XORLW K MoBurHoe 'weknwydarwee N koHcTanTel v W 1 11 1010 kkkk kkklk Z
MpumevaHun:

1. TMNpy BEINONHEHWM ONEpPaLKMIA "YTEHWE - MOAWDUKELWA - 3anMce” C NOPTOM BBOAA/EBIBOLA NCXOAHBIE
3Ha4YeHUA CYWTLIBAKOTCA C BBIBOAOB NOPTa, & He W3 BbIXOA4HBIX 3aWenok. Hanpumep, ecnn B
BbIXO4HOW 2allenke GpiNo 3anKcada "1', a Ha COOTBETCTBYHILUEM BRIXO4E HW3KWW YPOBEHE CUrHana, To
ofbpaTHo GY4EeT 3anucaHo 3HadeHune '0'.

2. [Npw BeinonHeHMy 3anick 8 TMRO (1 d=1) npeggenutens TMRO c@pacbiBaerca, ecni oH NogrnoYeH
K mogyni TMRO.

3. Ecnv ycnoBWEe WCTMHHO MNM W3MEHABTCR 3HAYEHWE CYeT4Mka Komang PC, TO  MHCTPYKUWR
BBINONHASTCA 3a 4Ba UMiNa. Bo BTOpOM UWKNE BRINCMHAETCA KomMaHnga NOP.




OTa KOMaHJ]a HUYErO HE BBIMOJHAET, M BKJIIOYEHUE €€ IEPBOMU SBIACTCS
TpeOOBaHUEM ISl UCIIOJIb30BAHUS BHYTPUCXEMHBIX OTJIATYUKOB. B KOHEUHOM
BapUaHTE MPOTrpaMMbl 3Ty KOMaHJy MOXHO HCKJIIOYUTh. BTOopas xomannaa -
GOTO start, koTopas nepegaet ynpasieHue Ha aapec 0x8, u ganpHeias pa-
0oTa OyJeT mpoI0JKATHCS C ATOTO ajapeca. start - 3To BrIOMpaeMoe MmoJIb30Ba-
TeJeM UMs METKM (METKM BCEr/a JOJDKHbBl HAYMHATHCS C MEPBOM MO3UIIUU
CTPOKH), KOTOPOE acceMOJiep UCIOIb3yeT B KauyeCTBE aJAPECHOM CChUIKH. B
npoiiecce padboOThl accemMOyiep OmpeesseT PacloloKeHe METKH start U 3a-
IIOMHMHAET, YTO €CJIM 3TO UMs OyJET BCTPEUYCHO €IIie pa3, BMECTO HEro OyjaeT
noactabiieH ajapec Merku. Komanasl CALL u GOTO ucnons3yroT METKH
JUIS1 CCBUIOK B HCXOJIHOM TEKCTE.

Cnenyromast komanna bsf STATUS,RPO nepexitodaeT cTpaHUIlbl TaMsi-
TH, Tak Kak peructp TRISB, k koTopoMy MBI XOTHM 00paTUTHCS, HAXOAUTCS B
MEPBOM CTpaHUILIE, a TPU BKIIOUYEHUU MHUKPOKOHTPOJUIEPA MO YMOJIYAHUIO YC-
TAHABJIMBACTCSl HYJIEBas CTpaHUIla TMaMsaTH. Bo3Bpar K HYyJIEBOM CTpaHUIIE
nmpoucxoauT mociie BemoiHeHUs kKomaHael bcf STATUS,RP0O. Komanma
movlw 0x00 3arpykaet B paboumit peructp W 3uaudenme, 0x00. D10 3HAUE-
HHE MOXeT OBITh 33/1aH0 U B ABoMYHOM (hopmaTe kak B'00000000".

CumBosibl B' o3Hawaror, 4To NaHHBIC 3aJaHbl B JBOUYHOM (popmarte.
MoxHo Oputo OBl HamucaTh B 3ToM ke MecTe Oh, O0X0 (mectHammaTepuy-
HbI) M TOJYYHUTh TOT K€ caMmblii  pe3yiabTaT. JlecaTudyHbIC 3HAUYCHUS
JOJDKHBI HAUMHATHCS C TOYKH, T.€. YUCJO MATHAECAT JIOJKHO 3alUChIBATHCSA
kak .50. Ilo ymon4aHuto, €Ciu 4YKCIIO 3alUCBIBAETCS 0€3 YTOUHSIOMUX (op-
MaT CUMBOJIOB, CUMTAETCS, YTO YUCJIO 3allMCAHO B IIECTHAAIIATEpUIHOM (op-
Mare! 9Ta 0COOEHHOCThH accemMosiepa SIBISAETCS UICTOYHUKOM MHOTOYHMCIIEHHBIX
OIIHOOK!

JIBouuHOE mpeacTaBiIeHUE YJI00HEE UCIOIb30BaTh B TEX CIydasiX, KO-
rja MpearnojaraeTcs omnepanus ¢ OWTaMu B PETUCTpE. Crnenyromas Ko-
mana MOVWF TRISB 3arpyxaer 3HaueHue u3 padodero peructpa W B pe-
ructp ynpasineHusi koHpurypauueit nopra B TRISB. 3aganue 0 B paspsne
ATOTO PETUCTPA OMPEACIISIET, YTO COOTBETCTBYIOIINM pa3psn nopra B aBnsercs
BBIXOJIOM. B Hamiem ciydae Bce pa3psapl mopta B ycraHaBIMBaIOTCS BbI-
xomamu. Eciu Obl MBI 3aX0TeNM, HalpUMEP, YCTAHOBUTh MIIAAIIMN pa3psii
nopta B xak Bxon, MbI Obl 3a1anu B peructpe TRISB 3nauenne B'00000001".

I[TEPBAA ITPOI'PAMMA

JIns mepBOM MpOrpaMMBbl HAM XBATUT BCErO TPEX KOMAH/I:
MOVLW  k
MOVWF £
GOTO k



MBI yKe MUCTIONIb30BaIM T KOMAaHJbl B 3arojioBKE Hamlero 0a3oBOro
koja. Komanga MOVLW 3arpyxkaer 0aiiTOBBIN JUTEpall WM KOHCTAHTY B pa-
oounii peructp W. Cnenyromas komanga MOVWF nepecbutaer OailT u3 pa-
Ooouero peructpa W B 3amannbiii peructp f. Komanma GOTO mnepemaet
ynpasieHue Ha aapec k. Crnenyroiasi mporpaMma 3arycbiBaeT B pabouunii pe-
ructp W 3Hauenue 01010101 u 3arem BbIAAET €ro COAEPKUMOE HA MOPT
B. Ilocne 3amycka 3ToM mnporpamMmbl Bbl yBUAMTE CBEYEHHUE YETBIPEX CBE-
TOJUOMOB.

MOVLW B'01010101" ;=zarpyzurk 01010101
;B perucTtp W

MOVWE PORTB ;3anmcaTe W B noptT B

GOTO $ ; 3allMKJIVMTBLCS HaBcerza

JlupekTuBa accemOyiepa "$" o3HAUaeT TEKyllee 3HAYCHHE ~ IIPO-
rpammHoro cueryuka (PC). IToaromy komanga GOTO $ o3HauaeT mepexo
Tyda, TJA€ MBI B JJAaHHBIM MOMEHT Haxoaumcs. Takou UK OeCKOHEYEeH, II0-
CKOJIbKY HE CYIIECTBYET crocoba (Kpome mpepblBaHusl) BbIMTH U3 Hero. Ko-
Manga GOTO $ yacto mpuMeHsieTcs 11 OCTAaHOBKH KOJa IpHu oTiagke. B pe-
aJpHBIX MPOTpaMMax JJii MUKPOKOHTPOJUIEPOB Takas KOMaHAAa IMPAKTUYECKH
HE MPUMEHSIETCHL.

HABOP KOMAH/]I PIC

[lepeiineM K ONHUCAHUIO OCHOBHOIO HaOOpa KOMaH] MUKPOKOHTPOJIIE-
poB cemeiictea PIC. Mpl  mo-mpexxHemy  OyAeM OpPHEHTHUPOBATbCA Ha
PIC16F877, xotst mout Bce, 0 4eM Mbl OyJieM TOBOPHUTH, IPUMEHUMO U K
apyruMm MuKpokoHTposuiepam cemeiictBa PIC. Ilo xony omnucanusi Mbl Oyziem
COCTaBJIATh KOPOTKHUE MPOrpaMMbl, YTOOBI JIyUllle TTIOHATh, KaK pabdoTaloT Te
WJIA UHBIE KOMAH/IBL.

NOP

Haunem namie omucanue ¢ komangael NOP. IlocmoTpers pe3ynbtat
BBITIOJIHEHUSI 3TOW KOMAaHAbl TPYAHO, MOCKOJIBKY OHA HE JENaeT HAYEro. JTa
MHCTPYKIMS OOBIYHO HUCMOJIB3YETCA B IUKJIAX BPEMEHHOW 3aJEPKKHU WIH IS
TOYHOM HACTPOWKH BpPEMEHHU BBINOJHEHUSI OINPEACICHHOTO y4YacTKa IPO-
IrPaMMBl.

CLRW

Ota koMaHa ouninaet padbounid peructp W. [JoO6aBUM OJHY CTpPOUKY

B Hall IIPpUMEP U YBUIUM, YTO BCC CBCTOANOAbI IIOTYXHYT.
MOVLW B'01010101" ;=zarpyszmure 01010101 B permcTtp W

CLRW ; OUMCTUTL permucTtp W
MOVWE PORTB ;3anmcars W B noptT B
GOTO S ; 3ALMKIIMTLCA HaBCcerma
CLRF f



CLRF nenaer ms mro6oro peructpa 1o ke, uto CLRW nemaer mns

pabouero peructpa W. Crenytoiast komanja yctaHoBuT nopt B B Oh.
CLRF PORTB ;oucTuTh nopt B (DATAPORT)

SUBWF f,d

Briuects pabounii peructp W u3 mwoboro peructpa f. Ota xomanaa
taxxke ycranapnuBaeT npusHaku CARRY, DIGIT CARRY u ZERO B peruct-
pe STATUS. Ilocne BbIMOTHEHUS KOMAaH/bl MOKHO MTPOBEPUTH 3TU MPU3HAKU
U ONPEACIIUTh, SBIACTCS JIU PE3yJbTaT HYJICBBIM, MOJOKUTEILHBIM WA OT-
punateabHbiM. CuMBOJI d mocie 3amsaToil 03HavaeT aapec, Kyjaa OyaeT mome-
IIEH pe3yJbTaT BbINOJHEHUST KoMaHabl. Eciu d=0, To pe3ynbTar nomMemiaercs
B paOouuii peructp W, a eciu d=1, To pe3ynbpTar 3aMMChIBAETCS B UCIIOJb-
30BaHHBIN B KOMaHje peructp f. Jlomyckaercs Takke UTHOPUPOBAThH HaIuMca-
Hue cumBosia d. B takom cimyuae moapaszymeBaeTcs, uro d=1, T.e. pe3yibTar
nomectutcs B peructp f. A BMecto ykazanus d=0 gomyckaercs mucaTh CUMBOJI
W — Tak koj BBITIAAUT HaMHOro Harisnnee. Hampumep, cnemyroniue ase
CTPOYKH SKBUBAJICHTHBI:

SUBWEF SCRATCH, 0O ;3Iecb Hano IIOMHUTL, uTo 0-3TO
;IpM3HAK pabouero permcTpa W

SUBWEF SCRATCH, W ; Taxk HaMHOT'O HarJiggHee!

ot ABC CTPOYKH TOKC 5KBUBAJICHTHDbI:

SUBWF SCRATCH, 1 ;30ech HaIO IMIOMHUTL, UTO 1-3TO
;IIPM3HAK pPermucTpa-MCTOUHMKA

SUBWF SCRATCH ; Tak HaAMHOT'O HarJsnHee!

B namem mpumepe B peructp SCRATCH 3arpyxkaercs 3Ha4YeHHE
OFFh, a B peructp W 3nauenne Olh. 3arem BbINOJHSAETCS KOMaH]Ia
SUBWF u pesynbraT oToOpa)kaeTcsi Ha CBETOAMOAaX.

MOVLW OFFh ;3arpy3uTh O0FFh B permcTtp W

MOVWE SCRATCH ; 3arpys3mUThL comepxmmoe W B
;perucTtp SCRATCH

MOVLW O0lh ;3arpy3muTs 0lh B permcTp W

SUBWEF SCRATCH, W ; BEIIIOJIHVTE BBEUMTAHUE

MOVWE PORTB ;3anmcars W B nopT B

GOTO $ ; BALIMKJIIUTHLCS HaBceTna

Ceeroguonanl nomxHbl oToOpasuth 11111110, rme O cooTBeTCTBYET
MOTYIIIEHHOMY CBETOJMOY, a 1 - TopsiieMy.

OOparute BHUMaHue, 4To nepea 3HaueHueM FFh B npumepe BbrunTaHus
ctout "0". CumBoa "0" mys accemOiepa o3Ha4daeT, 4To 3TO YUCIIO0, a HE METKA.
Ecnu 661 cumBoiia 0 He ObL10, TO acceMOJiep Hayal Obl UICKaTh METKY C UMEHEM
FFh, xoTopoii B 3TOl mporpamme HE CYIIECTBYEeT H, COOTBETCTBEHHO, BO3-
HUKJIa Obl omumOka. cuMBos "h", ciexyrommii 3a 3HaueHuem OFF, o3nauaer,
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YTO 3HAYCHME 3aJJaHO B IIEeCTHaANaTepudyHoM (popmare. Takke miecTHala-
TEPUYHBIA PopMaT MOXKHO 3a/1aBaTh Kak B si3bike Cu B TakoM Buze: OXFF
ADDWEF f,d
Komanga ADDWF pab6otaer ananormano SUBWF f,d, npubasiss pado-
yuit peructp W Kk mob6omy peructpy f U ycraHaBiauBas Te€ K€ NpPHU3HAKH.
Cnenyromuii mpuMep 1eMOHCTpUpyeT padoTy komanasl ADDWEF.

MOVLW Oh ;3arpy3uTs 0 B perucTp W

MOVWE SCRATCH ; 3arpy3mUTs comepxmumoe W
;B perucTtp SCRATCH

MOVLW 1h ;3arpy3muTbk 0lh B permcTp W

ADDWEF SCRATCH, W ; BEIIIOJIHUTL CJIOXEHME

MOVWE PORTB ;3anmcars W B nopT B

GOTO S ; BALUKIINTHLCSA HaBceIrza

CBetono bl 10KHBI 0T00paszuts 00000001

SUBLW k

ADDLW k

OTU JBE€ KOMaH[blI pabOTalOT COBEPIICHHO AHAJIOTHYHO BBIIICONMHUCAH-
HBIM, 32 TE€M HCKJIIOUYEHHUEM, YTO OMepalus MPOU3BOIUTCI MEKIYy padoduM
peructpom W u 0alTOBOMl KOHCTaHTOM, 3aJaHHOM B KoMaHjae. KomaHnia
SUBLW Beruutaet padouuit peructp W u3 koHcTtaHThl k, a komanga ADDLW
nobasiset padbounit peructp W Kk KoHCTaHTE K. DT KOMaH/Ibl TaKK€ yCTaHAB-
nuBatoT npusHaku CARRY, DIGIT CARRY u ZERO. Pesynbrar BeinonHe-
HUSI KOMaHJpl ToMemiaercss B pabounii peructp W. Crneayronmui mnpumep
yMmeHbIIMT SCRATCH Ha 5.

MOVLW OFFh ;3arpysuTs OFFh B permucTtp W
MOVWE SCRATCH ; 3aTpPys3mUTh cormepxmumoe W

; B permcTp SCRATCH
SUBLW 05h ;BEIUECTH 5 M3 pabouero permucTpa
MOVWE SCRATCH ; sBanmcars W B permcTtp SCRATCH
MOVWE PORTB ;3anmcars W B noptT B
GOTO S ; 3allMKJIMTBLCS HaBCeTrna
CeTonnosl 10mkHBI 0ToOpasuTs 11111010.
DECF f,d
INCF f,d

Komanga DECF ymensmaer 3amannbeii peructp Ha 1, a INCF yBe-
JUYUBAET 3aJaHHbIN peructp Ha 1. Pe3ynbraT MoxkeT OBITh HOMENIEH o0pat-
HO B 3aJlaHHbli peructp (npu d=1) nubo B pabouunii peructp W (mipu
d=0). B pesynbrare BBINOIHEHUS 3TUX KOMAaH/ MOKET YCTAHOBUTHCS MPU3HAK

ZERO B peructpe STATUS. Bot npumMep UCNIOIBb30BaHUS ITUX KOMAH:
MOVLW OFFh ;3arpy3uThk OFFh B perucTtp W
MOVWE SCRATCH ;3aTpys3mUTh cormepxmumoe W
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;B peructp SCRATCH

DECF SCRATCH ;ymenpmmTb SCRATCH Ha 1
Orot npumep yBennuut SCRATCH ¢ 0 go 1.

CLRF SCRATCH ;oumcTuTe SCRATCH
INCF SCRATCH ;yBenumuuTs SCRATCH Ha 1
IORWF f,d

ANDWEF f,d

XORWF f,d

DOTU TpYU KOMaHJbl BBINOJHAIOT Jiornueckue aevicteus MJIM, U u UC-
KIIIOYAIOUIEE MJIN. Onepauus nornyeckoro cioxenus MJIN game Bcero
HCMOJIB3YETCS IS YCTaHOBKH OTAEIbHBIX OMTOB B peructpax. COpachiBa-
I0OTCS 9TH OWTHI 3aTeM omepanueit jorudeckoro ymuoxenus M. Korma Han
oIMHAKOBbIMU Outamu BbimosHsieTcss onepanus MCKIIFOUAIOILEE NJIN,
pesynbTat paseH 0. [Toatomy onepanus UCKJIIFOUAIOIIEE MJIN yacto uc-
MOJIB3YETCS IS MIPOBEPKH COCTOSTHUS (YCTAHOBIICHBI UJIN COPOIIICHBI) OMpe/ie-
JIEHHBIX OUT B peructpe. Crenyrolias npoueaypa ycraHoBuT out 1 B nopre B
npu nomoiu koMan bl IORWEF:

MOVLW B'00000000" ;=zarpyzurb Oh B perucTtp W
MOVWE PORTB ;YCTAHOBUTBE BCe OUTHL B Iopre B
MOVLW B'00000010" ;ycTaHOBMTBHL MaCKy B permuctpe W
IORWF PORTB ;YCTAaHOBUTE OMTHL B nopTe B

; o mMacke W
GOTO S ; 3allMKJIIMTBLCS HaBceTrma

Ceeroguoanl moikHbl mokazate 00000010. A temepsr cOpocum 2 Outa
npu nomouy komanael ANDWE:

MOVLW B'11111111" ;3arpys3uThk OFFh B permucTtp W
MOVWE PORTB ; YCTAQHOBUTHL BCe OUTH B IIopTe B
MOVLW B'00000101" ; YCTAQHOBUTE MacCKy B perucrtpe W
ANDWEF PORTB ,1 ; OUMCTUTL OUTEL B HopTe B

; o mMacke W
GOTO S ; BALUKIIMTHLCS Hapcerza

Ceerogmoasl nomxHbl nokazate 00000101. IloskcnepumeHTHpPYHTE C
HavyaJbHBIMU 3HAYCHUSIMU B NIOPTY B 1 co 3HaueHnsIMu Macku.

[Ipennonoxum, yto mMbl ucnoiap3oBaM peructp SCRATCH un xotum

3HaTh, paBeH JiK OH 3HaueHuto 04h. 1o yA0OHBIN ciydail UCIOIB30BaTh KO-

manay XORWEF:
MOVLW 04h ;3arpy3uTh 04h B perumcTp W
MOVWE SCRATCH ;3arpys3uTk peructp W B SCRATCH
XORWE SCRATCH,W ;nopoeepuTb pabeHCcTBO W m SCRATCH
MOVWE PORTB ;3anmcaTrs W B noptT B
GOTO S ; BALUKJIMTHECSA HaBceIrza
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[Tockosbky SCRATCH u W paBHBI, pe3yJabTaT BBINOJHEHUS ONEPALUH
XORWF pagsen nymo (Bce cBetoanoasl noryxiu). B perucrpe STATUS yc-
taHoBUTCcs OuT ZEROQO, KOTOpPHBIN peandbHas mporpaMma 3aTeM MOXKET MpOoBe-
puTh U 00paboTaTh.

IORLW k

ANDLW k

XORLW k

OTH TpU KOMaH/bI BBITIOIHSAIOT T€ K€ JEWUCTBUS, YTO U HX BBIIICOIU-
CaHHbIC aHAJIOTH, 32 TEM HWCKJIIOUYEHUEM, UYTO ONepalus MNPOU3BOJUTCS Me-
XK1y pabouum peructpom W M Mackoi, 3ajlaHHOM B KoMaHjae. PesynbTar

BBITIOJTHEHHUST KOMaHbI OMeIIaeTcs B padounii peructp W. Hanpumep:
MOVLW OFFh ;3arpyzutre OFFh B permcrp W
ANDLW 040h ;ocTraBuTb 6-M OUT

MOVWF PORTB ;CBeTonmonel nokaxyT 01000000.
MOVLW 10h ;3arpy3uTsk 10h B perucTp W

IORLW 09h ;ycrasoBuTres 0-1 M 3-11 OUTH

MOVWEF PORTRB ;CBeTonmonsl nokaxyT 01000000.
MOVLW B'00100000" ;3arpy3uTs 40h B perucTp W
XORLW B'11111111" ; IPOMHBEePTHPOBATE W

MOVWEF PORTRB ;CBeTonmonsl nokaxyT 01000000.
MOVF f,d

OTa KOMaH/Ja B OCHOBHOM HCIIOJB3YETCS ISl NIEPECBUIKM PErUCTpa B
pabouwuii peructp W (d=0). Ecnu ke ycraHoButh d=1, To 3Ta KOMaHJa 3arpy-
3UT peructp caM B ceds, Ho npu 3toM Out ZERO B perucrpe STATUS
YCTAHOBUTCS B COOTBETCTBHUM C COAEPKUMBIM peructpa. Hampumep, Mbl xo-
tuM 3arpy3uth B peructp SCRATCH OFh, a moroM 3arpy3uTh peructp
SCRATCH B pa6ouwuii peructp W.

MOVLW OFh ;3arpysmuTs OFh B paboumm peructp W
MOVWE SCRATCH ;szarpys3urk peructp W B SCRATCH
CLRW ;OUMCTUTL W

MOVE SCRATCH,W ;szarpys3ure SCRATCH B permcTp W

Ecmu B IMponecCCe BLIMMOJIHCHUA IMPOTIpaMMbl Mbl XOTHM IIPOBCPHUTH PC-

ructp SCRATCH Ha HOIb, MBI MOKEM BBITIOJHUATH CIEIYIONTYI0 KOMAHAY:
MOVF SCRATCH

butr ZERO peructpa STATUS Oyner ycTaHOBIEH, €ClIu yclioBUE OyaeT
BeintoTHEHO (SCRATCH = Oh).

COMF fd

DTa KoMaHJla UHBEPTUPYET 000N 3amanHHbii peructp. [Ipm d=0 pe-
3ylbTaT 3aHOCUTCS B paboumii peructp W, a npu d=1 uHBepTUpYeTCS coaep-
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KUMOE 3aIaHHOTO peructpa. B xauecTBe nmpuMepa NpoOMHBEPTUPYEM 3HAUCHUE

01010101:
MOVLW B'01010101" ;=zarpyszmure 01010101 B permcTp W

MOVWE SCRATCH ;3arpys3muThk peructp W B SCRATCH
COMF SCRATCH, W ;vmHBepTHpOBaTh SCRATCH

MOVWE PORTB ;3anmcars W B nopT B

GOTO $ ; BALUKIIUTHCS HaBceTrma

Ceeronnons! mokaxyt 10101010.

2. Ilens paboThl

[lenbto pabOTHI SIBJISIETCA MPUOOPETEHUE HABBIKOB B MPOCKTUPOBAHUU
MPOCTEUIINX MPOTpaMM JIJIsi MUKpOKOHTposuiepoB PIC16 u sMmynsiiuu BbITION-
HEHMS ITUX IIPOTPaMM B CUCTEMAX aBTOMATU3UPOBAHHOTO MPOECKTUPOBAHUS.

3. Ilopsinok BHITIOJTHEHUS PAOOTHI

3.1 Hamwmcate mporpamMmy, KOTOpas PEHIaeT BBIYMCIUTEIBHYIO 3aj]auyy,
COTJIACHO BBIJIAHHOMY BapHUaHTY.

3.2 IlpomoaenunpoBath pabOTy MHUKPOKOHTPOJUIEpA C pa3pabOTaHHOM
MPOTPAMMOM Ha AMYJIATOPE MUKPOKOHTPOJIIEPA.

3.3 CocTaBuTh KOHTPOJIbHBIC IPUMEPHI U BBIYUCIUTD MIpU oMot DBM
KOHTPOJIbHbIE pe3ynbTathl. [lo pe3ynbTaTamM NpOBEPUTH NPABUIBHOCTH BI-
MIOJIHEHUS Pa3pad0TaHHOM MPOTPAMMBI.

4. ConeprkaHue oTyera:

TuTynbHBIN JUCT C HA3BAaHWEM U HOMEPOM palOThI, a Takke ¢ (pamunuen
UCTIOJTHUTEJIS.

[{enb paboOTHI.

3aganue Ha paldoTy.

KoHTposibHbBIE TIPUMEPHI, PE3YIbTAT pacueTa KOHTPOJBbHBIX PUMEPOB HA
OBM u Ha 5MynsATOPE MUKPOKOHTPOJIIIEPA.

JIucTUHT TPOrpaMMBL.

BBIBOIEL.

5 KoHTposibHBIE BOIIPOCHI

5.1 Hanuiure noamnporpaMmy, KOTopasi mpy 4acToTe padoThl MUKPOKOH-
Tposuiepa 4MI'11, BbINONHSIIACH ObI pOBHO 10 MUKPOCEKYH]I.

5.2 Hammmure nporpaMmy, KOTOpasi HACTPAUBAET NIEPBBIC YETHIPE BBIBO-
na nopta B Ha BbIBOA MHGOpMaIMK, a OCTAIbHBIE YEThIPE BHIBOIA HA BBOJ.

5.3 Hanumwute nporpamMmmy, Kotopasi BBOOUT B padounii peructp W duc-
JIO IBaJLATh.

5.4 Hanumure nporpammy, KOTOpas CKJIaJbIBa€T JIBa YUCIIA.

5.5 Hanumwmre nporpaMmmy, KOTOpasi BBIYMTAET JIBA YHUCJIA.
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5.6 Hamuimurte nporpammy, Kotopas cOpachlBaeT TpU MIAAIIMX OWTa
YUCJla B HOJIb.

5.7 Hanuiure mporpamMmy, KOTOpasi yCTaHABIMBAET TPU CTApIIUX OuTa
YyCJla B €AUHULLY.

5.8 Hanumwute nporpammy, KOTopasi MHBEPTUPYET TPHU CTapIIUX OuTa
YUCIIa.
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CamocrositenbHas padbora Ne2
Cucrtema KoMaH MUKpOKOHTposutepoB Microchip. TlommporpaMmer,
I[UKJIbI, BETBJICHUS.

1 Kparkune TeopeTrdecKne CBEACHUS
[TpomoinkuM pa3dHMpaTh OCHOBHBIE KOMAaHIbI MHKPOKOHTposuiepoB Mi-
crochip.

DECFSZ f,d

INCFSZ f,d

[Ipu d=1 komanga DECFSZ ywmenbmaer Ha enunuily, a INCFZ yBenu-
YMBAC€T HA CIWHUIYY 3aJaHHBIM PErUCTP U IPOIYCKAECT CIEAYIOLIYH0 KOMaH-
oy, €ciu peructp crtan paBeH Hymo. Ilpu d=0 pesynbTaT 3amuchiBaeTCs B
peructp W u cieayroomias KOMaHJa IPOIMYCKaeTcs, €CiIu padodyuil peructp
W cran paBHBIM HYJIO. OTH KOMAaHJbl HUCIOJB3YIOTCS sl (GOPMUPOBAHUS
BPEMEHHBIX 33JICPKEK, CUETUMKOB, LHUKIOB WU T.JH.

BoT THUNMYHBIA NpUMEP UCHOJIB30BAHUS LIUKIIA:

START
MOVLW OFFh ;3arpysmurb FFh B permcrp W
MOVWEF SCRATCH ;3arpys3muThk peructp W B SCRATCH
LOOP
DECFSZ SCRATCH, 1 ;yMeHbmaTh SCRATCH Ha 1
GOTO LOOP ;U IIepexomomnThb OoOpaTHO, IIOKa

; He craHeT = 0
MOVE DIGIT, W ;3arpys3muTs peructp DIGIT B W
MOVWEF PORTRB ; BEIBECTUM Ha CBEeTOIMOIBI
DECF DIGIT, 1 ;yMeHnpumTh perucTe DIGIT Ha 1
GOTO START ;IIeperT Ha HadajJlo

B pesynbrate cBeToAMOABI OyayT MHrath C pa3jIddHOM dYacTOTOM.
CBeroauona mitaauiero paspsiaa OyJeT MUraTh 4allle BCEro, a CBETOAMOI CTap-
mero paspsjga pexe Bcero. Ilpu taktoBoit vactore 4 MI'T yactora MUTraHU
CBETOJIMOJIa CTapIIero paspsaa OyaeT npuMepHo 8 111, a Kakablid CIeay i
Oyzner Murarb BJBO€ uaille. Tenepb pazdepemcs, Kak 3TO y HAC MOJIYUYUIIOCH.
Komanna DECFSZ 3neck paboTaet B IUKIIE 3aJIEPXKKH, COCTOAIIEM U3 JIBYX
komaHz - DECFSZ u GOTO LOOP. IlockonbKy MBI IpeABapUTEIbHO 3arpy-
sunu B peructp SCRATCH 3nauenme OFFh, stoT 1Mk BeImomaHUTCS 255
pa3, noka SCRATCH He craHer paBHbIM HyJr0. IIpum TaktoBOi1 yacrore 4
MI'11 310 maet 3aaepxkky 1 Mmxcexk/komanay * 2 komauael * 255 = 510 mkcek.
B peructp DIGIT mbI npeaBapuTENLHO HAYETO HE 3aMUCHIBAIN, IOITOMY TaMm
MOTJIO HaXOJIUThCS JTI000€ 3HAUYEHHE, KOTOPOE€ M BBIBOJIUTCS Ha CBETOIUOIBI
Ha niepBoM mipoxoje. 3areM peructp DIGIT ymenbmaercs Ha 1 w1 nMKiI mo-
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BTOpsieTcs: cHadana. B pesynsrare peructp DIGIT nmepeOupaer Bce 3HaueHUS
3a 256 1UKIOB, T.€. 32 NpuMepHO 3a 130 mcek. ToT ke Koa MOXHO UCIOIb-
30Bath U ¢ koManaou INCFSZ, zamenuB 3arpyxaemoe B peructp SCRATCH
3Hauenue ¢ FFh na Oh. CBetoanoapl OyayT MUraTh TOYHO Tak K€ M €Clv 3a-
MenuTh komanay DECF na komanny INCF.

SWAPF {,d

OTa KOMaHJa MEHSET MeCTaMu MOJIy0alThl B Jit0O0oM peructpe. Kak u s
apyrux komang, npu d=0 pe3ynbTar 3anuchiBacTcst B padbouuit peructp W, a
npu d=1 ocraercs B peructpe. BoT mpocToil mpumep HCHOIB30BaHUS ITOMN
KOMAaH/IbL:

MOVLW B'00001111" ;3arpy3uTsk OFh B permcTtp W
MOVWEF SCRATCH ;3arpys3muThk peructp W B SCRATCH
SWAPF SCRATCH, O ; TIOMEHSTH IIOJIYOAMTH

Cseroauopl mokaxyt 11110000.

RRF fd

RLFfd

B accemOnepe PIC umeercst n1Be KOMaH/bI CIBUTA - CABUT BIIPABO 4epe3
our CARRY mo6oro peructpa RRF u casur BieBo uepes 6utr CARRY inro-
ooro peructpa RLF. Kak u qs qpyrux komann, npu d=0 pesynapTar caBura
3anuckiBaeTcsi B peructp W, a mpu d=1 octaercsa B peructpe. MHCTpyKIuu
CABUTa WCHOJIB3YIOTCS JJISl BBIIOJHEHHS OIEPALMA YMHOXCHUS WU JICJIICHUS,
TUISL IOCJIEOBATEILHON MEpeaaur JaHHbIX U JUIs ApYyrux 1eneid. Bo Bcex ciry-
yasix OWT, CABUTaeMbli M3 &§-OMTHOIO PErucTpa, 3alUCHIBACTCS B OUT
CARRY B peructpe STATUS, a outr CARRY 3anuceiBaercst B Apyroit Ko-
HEI[ PETUCTpa, B 3aBUCUMOCTH OT HampasjeHus casura. [Ipu casure BIeBO
RLF CARRY 3anuceiBaercss B MJIaQIIuid OUT perucrpa, a IMpU CIABUTE
BrpaBo RRF CARRY 3anuceiBaeTcs B cTapiiuii OUT perucrpa.

CLRF STATUS ;oumMcTuThs permucrtp STATUS

MOVLW OFFh ;3arpysmuTs OFFh B permucTtp W
MOVWE SCRATCH ;3arpy3uTh peructp W B SCRATCH
RRF SCRATCH, 0O ; CABMHYTE BIIParo

Ceeronnonsl noipkHbl nokaszate 01111111, nmockonmeky CARRY 3arpy-
3uiics B crapuuid 6ut. Teneps CABUHEM BIIEBO:

CLRF STATUS ;ounMcTUThL permucrtp STATUS

MOVLW OFFH ;3arpys3muTs OFFh B perucTtp W
MOVWE SCRATCH ;3arpy3uTh peructp W B SCRATCH
RLF SCRATCH, 1 ; CIBMHYTB BJIEBO

CBeroanoasl nokHEI Toka3ats 11111110.
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BCF f,b

BSF f,b

Komanap! ourictku outa BCF u ycranoBku outa BSF ncnons3yrorcs ais
paboThl ¢ OTHIENbHBIMU OWTamMu B peructpax. Ilapamerp b o3Havaer HOMEp
Outa, C KOTOPHIM MPOU3BOIUTCS OIMEpalMsi, U MOKET MPUHUMATh 3HAYCHUS
or 0 go 7. IlonmpoOyem BKIIOUUTH CBETOJIUO/I, UCTONB3Yys kKomaHay BCF:

MOVLW Oh ;3arpy3uTs Oh B perucTtp W
MOVWF PORTB ; BEIKJIOUUTL CBeTOIMOIH
BSF PORTB , 7/ ; YCTAaHOBUTL OmUT /7 B nopTe B
GOTO S ; 3aLUKIINTLCS HaBcerza

B pesynbrare 3aropurcs CBETOJMOJ], COOTBETCTBYIOIIUK  Outy 7.
BenomHuTe, MBI J€iaiM aHAJIOTWYHBIE BELIW NPU MOMOIIU HCIIOJIb30BAHUS
Macku U komaHapl ANDWFEF. Pazuuiia B tom, uto koMaHasl ANDWEF nu
IORWF t1pelOyroT mnpeaBapuTeabHOro (POpMUPOBAHUS MAaCKU U XPAHCHUS €€
B KaKOM-JINOO PETUCTPE, HO B TO K€ BpeMs CIIOCOOHBI OJTHOBPEMEHHO yCTa-
HOBUTH WJIM OYUCTUTHh Heckoyibko OuT. Komannsl s)ke BCF u BSF onepupytor
TOibKO ¢ ogHUM OuToM. Kpome Ttoro, komanasi BCF u BSF He u3Mmensior
peructp coctossHus STATUS, mo3ToMy OHM 4YacTO MCHOJIB3YIOTCI B TeEX
ClIy4asiX, KOT/1a He TpeOyeTcCs MocaeyIolasi IpoBEepKa perucTpa COCTOSTHUS.

BTFSC f,b

BTFSS f,b

Komanns! ycnoBHbIx niepexo1oB BTFSC u BTFSS npoepstot coctosinne
3aIaHHOTO0 OMTa B JIIOOOM PErMCTPE M B 3aBUCMMOCTH OT pe3yjbTaTa Ipo-
NyCKAlOT WM HeET caenyromyr komanay. Komanga BTFSC nmpomyckaer ko-
MaHy, €CIW 3aJaHHbIi OUT coOporieH, a koManaa BTFSS - eciu ycTaHOBIIEH.
Bort npocron npumep:

MOVLW Oh ;3arpysmuTse Oh B permcTtp W
MOVWEF DATAPORT ; BEIKJIOUUTEL CBEeTOIMOIEBL

LOOP

BTFEFSS PORTA, O ;aporepuTs OmuT 0 B PORTA

GOTO LOOP ;XoaTk, noka 6mT 0 He YyCTAHOBUTCH
BSF DATAPORT, 7 ;BKJOUUTE CBETOIOMOI

GOTO S ; 3ALUKIINTLCS HaBcerza

B stom npumepe nposepsiercs pazpsan 0 mopta A (BeiBoa 17 MUKpocxe-
MbI) M, €CJH 3TOT BBIBOJI YCTAHOBJICH B BHICOKHI YPOBEHbB, BKJIFOYACTCS CBE-
toguoA. IlompooOyiite 3amenuts BTFSS na BTFSC B s3Tom npumepe. CBeto-
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auond OyJeT BKIOYAThCsA, Korda paspsan O mopTa A yCTaHOBUTCS B HU3KHU
YPOBEHb. Panee Mbl ymoMUHAIM O BO3MOYKHOCTH ITPOBEPKU OUTOB COCTOSI-

Hust B peructpe STATUS. 310 Takxke nenaercs npu nomoiu komang BTFSS
u BTFSC:

;[IpoBepka OmTa CARRY
BTFSS STATUS,C ;ecnim C ycTaHOBJIeH, OponycTuTb GOTO
GOTO WHERE EVER

Amnanorudno nposepsiercsa 6ut ZERO:

;[lpoBepka OurTa ZERO
BTFSS STATUS,Z ;ecnm Z ycCcTaHOBJIeH, OponycTuTb GOTO
GOTO WHERE EVER

IIpoeepka OoutoB Z m C B perucrpe STATUS mo3BoisieT onpeaeanTh
(akT paBeHCTBA COJECPKUMOTO JBYX PETUCTPOB (ompenensercs nmo oury Z), a
TaKXe TOro, YTO COJIEPKMUMOE OJHOTO peructpa OOJblle WM MEHbIIE COAEP-
KUMOT0 Apyroro (onpeaensiercs no outy C).

CALL k

RETURN

OTH ABE€ KOMaHbl MPeHa3HAYEHbI 111 Pa0doThI ¢ nmoanporpammamu. Ko-
manga CALL ucnone3yercd s nmepexona Ha MOANpPOrpaMmy IO aapecy, 3a-
naBaemMoMmy B koManze, a komanaa RETURN - mwis Bo3Bpara u3 noamporpam-
Mbl. O0€ KOMaH/ bl BBITIOJIHAIOTCS 3a 2 MUKIA. AApec, Ha KOTOPOM HaXxOdu-
nack komaHna CALL, 3amoMuHaeTcs B CIIENUAIBHO OPraHU30BAHHBIX pe-
TUCTpaxX, Ha3bIBAEMBIX CTEKOM. OTH PETUCTPHI HEJIOCTYITHBI JIsl 0OpalieHui
Y UCIOJIB3YIOTCA TOJIBKO IIPU BBI30BaX MOANPOrpaMM H Bo3Bparax. ['nmyOunHa
CTEKa, T.€. YHCIIO CIICHUAIIBHBIX PETUCTPOB - 8. [103TOMY W3 OCHOBHOW MpO-
rpaMMBbl MOKHO cZeaTh He 0oJiee 8 BIIOYKEHHBIX BBI30BOB Mojnporpamm. [1o-
CJIE BO3BpATa U3 MOANPOTPAMMBI BBIMOJIHEHHE MPOJOJLKAETCS CO  CIIEAYIOIIEH
nocine CALL komannsl. Peructp W u peructp STATUS npu BbI30BE moa-
IpOTrpaMMbl HE COXPAHSIOTCS, TOATOMY, €CJIM HE0OXOJMMO, UX MOXHO CO-
XpaHUTh B OTHEIbHBIX AYEHUKAX NaMATU. BOT mpoCTor mpumep HUCIOJIb30Ba-
HUSI TOAIIPOrPaAMMBI:

START

BCF DATAPORT, 7 ; BEIKJIOUMTL CBETOOMOI
CALL TURNON ; BEI3BATH [NOANPOI'pPaMMy
GOTO START ;IIeperT Ha Hadajlo
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TURNON
BSF DATAPORT, 7 ; BKJIOUMTE CBeTOIOMOI
RETURN ; BEPHYTLCHA M3 IIOONPOTI'PaMMEL

B pe3ynbTaTe cBeTOAMOA OyJ€T MUTaTh C 4aCTOTOM oKoj0 150 kI'm.

RETLW k

RETFIE

CyllecTBYIOT €Il€ JIBE KOMaHJbl, MPEIHA3HAYCHHBIE [JII BO3BpaTa
u3 noxanporpamMm. Komanga RETLW Bo3Bpamaer B pabouem peructpe W
KOHCTaHTY, 3aJJaHHYIO B 3TOM KomaHze, a komanaa RETFIE paspemaer mpe-
peiBanusi. Komanga RETLW wacto ucnons3yeTrcss s co3iaHus —TaOJuil
3Hauenuil. Ilyctb B pabouem peructpe W coIepKUTCS CMEIICHUE OT Havasa
Tabnuipl. Toraa MOMYy4YUTh HYXKHBIM AJIEMEHT MOKHO CJIEAYIOIIEH MpoIeay-
poii:

MOVLW 02h ;3alaThb CMelleHue

CALL SHOWSYM ; BEI3BATL IIOONPOIPaMMy

MOVWEF PORTRB ; BEIBECTHM BJIEMeHT Tabjmusl B IOPT B
GOTO S ; 3aLUKIIMTLCS HaBcerza

SHOWSYM

ADDWF PC ; BEIUMCJIMTBL CMelleHre B TabJjule

;CO CUeTUMKOM KOMaH
RETLW OAANh ;1-1 syeMeHT TaOJIMLIE
RETLW OBBh ;2-1 BJIeMeHT TaOJIMLE
RETLW 0CCh ;3-11 BJIeMeHT TaOJIMLE

Creroauonan! 1omxHbI otoOpasuts 10111011 (OBBh).

CIIEHMAJIBHBIE KOMAH/IbI

Ocranock yNnoMsiHyTh O ABYX clienuaibHbix komaHaax - CLRWDT wu
SLEEP. Komanga CLRWDT mnpennasznauena s cOpoca  CTOPOKEBOTO
TaliMepa, Ha3HAYEHHE KOTOPOTO MBI YK€ O0CyKIOanu. JTa KOMaHJa JOJDKHA
OPUCYTCTBOBAaTh B TaKUX Y4YacTKax MpOrpamMMbl, 4YTOObI BpeMs BBINOJHEHHUS
nporpaMmbl Mexay AByMsa coceaHuMu komangamu CLRWDT nHe npeBbimano
BPEMEHH CpadaThIBaHUA CTOPOYKEBOrO Tailmepa.

Komanga SLEEP npenHasHaueHa s IepeBojia IMPOLECCOPA B PEKUAM
NOHM)XEHHOTO 3HepronorpedieHus. I[lociae BBIMOMHEHHUS O3TOM KOMAaHJbI
TaKTOBBIA  T'€HEpaTop MpoIlleccopa BBIKIIOYAECTCS U OOpaTHO B pabouuii pe-
UM TIPOIIECCOP MOXKHO TEPEeBECTH JIMOO MO BXOAy cOpoca, inbo mo cpadbaThl-
BaHHUIO CTOPOXKEBOTr0 TaiMepa, JMOO MO MPEepPhIBAHMUIO.

19



2 llens paboThI
[{enpto paboOThI SABISIETCS] YCOBEPIICHCTBOBAHNE HABBIKOB B HAIMCAHUU
nporpamm Jyisi MUKpokoHTpoJsuiepos PIC16.

3 Ilopsiiok BBIMOTHEHUS Pa0OThI

3.1 Hanucate nporpamMmmy, KoTopas peuiaeT 3ajgady, COrjlacCHO BbIJAHHO-
MY BapHuaHTy.

3.2 IIpomoaenupoBath pabOTy MHUKPOKOHTpPOJUIEpAa C pa3pabOTaHHOM
MPOrpaMMOM Ha AMYJISITOPE MUKPOKOHTPOJIIEPA.

3.3 CocTaBuTh KOHTPOJIbHBIE IPUMEPHI U BBIYUCIUTH IIpU oMot DBM
KOHTPOJIbHBIE pe3yibraThl. [I0 pe3ynbraTamM NpPOBEPUTH NMPABUIBHOCTH BBI-
MOJTHEHUSI pa3pab0TaHHOW MPOrPaMMBL.

4 ConeprkaHU€ OTYETA:

TuTynbHBIN JUCT C HA3BAaHWEM W HOMEPOM pabOThI, a TaKkKe ¢ (pamMuiuen
VICTIOJTHUTEIIA.

[ens paboThI.

3aganue Ha paldoTy.

KoHTponbHBIE TTPUMEPBI, PE3YIBTAT pacUyeTa KOHTPOJBbHBIX PUMEPOB HA
OBM u Ha 5MynsATOpE MUKPOKOHTPOJILIEPA.

JIvucTUHT IporpaMmel.

BrIBOEL.

5 KoHTposibHBIE BONIPOCHI

5.1 Hanumure moanmporpaMmy YMHOXXEHUS ABYX YMCEIl, UCIOJb3ys KO-
maubl 1ukiia DECFSZ f,d wnu INCFSZ f,d 1 komanay ciosxeHusl.

5.2 Hanumwmre noamporpaMmy HEIOYMCICHHOTO JEJICHUS YUCIIa Ha 4e-
TBIPE, UCTIOJIb3YsI KOMAaH/Ibl CIIBUTA.

5.3 Kak nporpaMMHO ONPENEIUTh OCTATOK OT LIEJIOYUCICHHOTO JCJIECHUS
yucJiia Ha asa’?

5.4 Hanumure noanporpaMMbl OYMCTKHU JIBYX MJIAAIIMX OUTOB B PETUCT-
pe C UCIOJIb30BaHUEM OWTOBOM MACKU M JIOTMUYECKUX KOMAaHJ, U C MTOMOIIBIO
koManibl BCF. Kakast u3 atux noanporpamm 3¢ extuBHee?

5.5 Hanummre noanporpaMmy MpOBEPKUA PABEHCTBA COAECPKUMOIO JIBYX
PETUCTPOB.

5.6 Hanumute moanporpaMmy MPOBEPKHU TOTO, YTO COJIEPKUMOE PETUCT-
pa regl GombIre coaepKUMOro perucTpa reg2.

5.7 Hanumure noanporpaMmy NPOBEPKHU TOTO, YTO CONEPKUMOE PETUCT-
pa regl menbIiie coiep>KUMOTO perucrpa reg2.
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CamocrositenbHas padota Ne3
BuieoBbIBO B MUKPOKOHTPOJUIEPHBIX YCTpOKCTBax. Peann3anus 3HaKo-
re’eparopa.

1 Kparkue TeopeTrdecKre CBEACHUS

3HaKoreHepaTop BBHIMOJHIET (PYHKIHMIO 3aMEHBI KOJa CUMBOJA €ro rpa-
(duyeckuM M300paKE€HUEM U BBIBOJOM 3TOr0 M300pakeHUsI Ha CPENICTBO OTO-
Opaxenus: nupopmanuu (B HameM ciydae — JKKU). I'paduyeckue nzobpaxe-
HUS CHMBOJIOB, KaK MPaBUJIO, XPAHITCS B CTaTHUYECKUX MaccuBax. B Mukpo-
KoHTpoJutepax Microchip (6e3 HCIoIb30BaHUs JOMOIHUTEIBHBIX MUKPOCXEM)
CTaTUYECKHE MAaCCHUBBI MOKHO XPaHUTh B MamsiTu nporpamm u B EEPROM.

g opranmzanuu cratndeckoro MmaccuBa B EEPROM B MUKPOKOHTpPOJI-
aepe PIC16F877 nmocratouno oOBsSBHTH MaccuB OaiT mo aapecy 0x2100 B
muctudre. T.e. mus coxpanenuss B EEPROM wmaccuBa u3 »neMeHTOB
[0,1,2,3,4,5] HEoOX0aMMO HaMKCaTh CICAYIOMMN KYyCOK Koja (Kak ImpaBWio, B
KOHIIC porpaMmbl niepes nupektuBoit END):

org 0x2100 ; VManumanmszauusa EEPROM
de 0x0,0x1,0x2,0x3,0x4,0x5 ; Maccus

3ameTumM, 4TO CyHIeCTBYIOT npouenypsl 3anucu B EEPROM Bo Bpewms
BBITIOJIHEHUSI TPOTPAMMBI.

s urennss n3 EEPROM namMstT HeoOX0auMO TOJBKO 3amucaTh aapec B
peructp EEADR u copocuts 6ut EEPGD B '0'. Ilocie ycranoBku B '1' Outa
RD nannbie Oyayt noctynuel B peructpe EEDATA Ha cnenyromem MauivH-
HoM 1nukJie. Jlanusie B peructpe EEDATA coxpaHstOTCS 10 BBIIOJTHEHUS Clie-
IyIOIIeH orneparuu ureHus wim 3anucu B EEDATA.

PexoMmeHI0BaHHAs TIOCIEIOBATEIbHOCTh JICMCTBUMA MNPU YTECHUU U3
EEPROM namsti DaHHBIX:

1. 3armucare agpec B peructp EEADR. IIpoBepbTe, 4TO 3anvcaHHbIi aj-
peC KOPPEKTEH [T TAHHOTO TUIIA MUKPOKOHTPOJLIEPA.

2. Copocurts B '0' 6utr EEPGD nnsa o6pamennss k EEPROM namsatu naH-
HBIX.

3. MHuuuanu3upoBaTh onepanyio YTeHus ycraHoBKoi outa RD B '1'.

4. ITIpountars gannsie u3 peructpa EEDATA.

Crnenytomas mporeaypa untaeT ganusie u3 EEPROM:

;Bxonm - permcTp eepcount — ampec g4YeVKu
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; BEIxon - 3HaueHuMe eeprom B W

.
’

geteeprom
MOVFE eepcount,W ; 3anmcarbs amgpec
BSF STATUS,RP1 ;
BCF STATUS, RPO ; Brbpate OaHK 2
MOVWEF EEADR ; A4YeVKUu
BSEF STATUS, RPO ; BoibpaTer OaHk 3
BCF EECON1, EEPGD ; BeiObpaTte EEPROM namMaTb
BSF EECON1, RD ; VHMLIMaIM3MpOoBaTh UTEHUE
BCF STATUS, RPO ; BribpaTe OaHk 2
MOVFE EEDATA,W ; W = EEDATA
BCF STATUS,RP1 ;

return

J{ns opraHu3anuy CTaTUYECKOTO0 MacCHBa B MaMsITHU MPOrpaMM B MUKPO-
koHTpoJiepe PIC16F877 cymecTByeT HECKOJIBKO CIIOCOO0B. Bo-TiepBhIX, I
YTEHUS U 3anucu 14-OUTHBIX 3HAYCHHM MaMsITH MPOrpaMM MOXKHO HCIOJIb30-
BaTh MPOIIEAYPHI, OCHOBaHHBIE Ha padote ¢ peructpamu EEADRH:EEADR u
EEDATH:EEDATA (cM. JOKyMEHTaIUIO).

A I opraHu3alyu CTaTUYECKUX 8-OUTHBIX MACCHBOB MOKHO BOCIOJIb-
30BaThCsl MPOIIEAYPO, OCHOBaHHOU Ha komanae RETLW.

J171s1 5TOr0 OOBSABIAIOT MOANPOTPAMMY CIICTYIONIETO BUIA!

str0 ;VIMSA [IOONPOTIPaMMEI-MaCCHUBa
retlw "P" ;30eCb MOT'YyT OHTBH JIOOBIE
retlw "A" ; 0aMTOBEIE IaHHBIE
retlw "B"
retlw "O"
retlw "T"
retlw "A"
retlw O

A 4MTAIOT JAHHBIE U3 TAKOW MOAMPOTPAMMBI C IOMOIIBIO TPOLIEAYPHI:
;llpouenypa IOoCTylla K HOaHHEIM B [NaMATM OPOI'PaMM
;Vlcmosnp3yeT permcTpel tptrh m tptrl - ykasarTesb Ha

; OOBSIBJIEHHEM CTATUUECKUM MaCCUB

; BEIBOB :

;moviw str0 / 0x100 ; HacTpomka ykasaTesen
;movwt tptrh ;Crapumit OamT

;Movl1w str0 % 0x100

;movwif tptrl ; Mimammmy ©amT

;call getdata ;Hysnepom sjiemeHT — B W
;inct tptrl ;llepexonuM K ClleOypIEMY 3JIEMEHTY
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;call getdata ;Bropom mjemMeHT — B W

r KOO TIOHOIIPOI'PAaMMEI:

getdata
mov L tptrh, W ; Hacrtpomka PCLATH njia nOperxkka
movwt PCLATH
movit tptrl, W ; Minagumm azjpec ykasaTeld
movwf PCL ;llepecriaem B PCL, copepmad
; TEM CaMEIM II€peXOl Ha MHCTPYKLMIO
; retlw

Pa3zpaboraem mzo0Opaxenrue cuMBoiia «A» pasmepom 5x8. Il aToro co-
CTaBUM CJIEAYIOIIYIO CETKY:

A e
H
H

e il L L L L

012521818252

['ne mycThie 3Ha4YCHUS COOTBETCTBYIOT HYJISIM, EAUHULBI — 3aKPAlICHHBIM
TOYKaM, B HIDKHEH CTPOKE BBHIYMCIICH (COTJIACHO MpaBUJIaM OTOOPaKEHUS J1aH-
HeIX B KK MT-6116) necatuunslii Koj cT0JI011a, KOTOPOMY COOTBETCTBYIOT
NaHHble HynU U equHuibl. T.e. ecam B mamate JKKUW nepecnmars mocnemoBa-
tenbHO Udpse! 0, 252, 18, 18, 252, To Ha 3KpaHe HApUCyeTCa CUMBOJI «A». Ta-
KM 00pa3oM, u300pakeHre CUMBOJIa «A» MoHO 3anucath B EEPROM:

org 0x2100 ; VMHuumanmszsaumda EEPROM

de 0,.252,.18,.18,.252

Nnu n3o0pakeHne MOXKHO 3allMCaTh B MaMSITh POTrPaMM:

Znaki ; VIMS TIONTNPOTPaMMEI-MaCCHUBa
retlw O
retlw .252
retlw .18
retlw .18
retlw .252
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2 llenb pabOTHI: HAYUYUTHCS XPAHUTh U MCIOJIb30BATh CTATUYECKUE MaC-
cuBbl HH(popMaruy (KaauOpoBoYHas HH(POpMaIysl, 3HAKOTEHEPAaTOPHI U T.11.) B
namsatd EEPROM u B mamsiTu mporpamm; peaau3oBbIBaTh HA HU3KOM YPOBHE
BBIBOJT CUMBOJIbHOM nHpopMannu Ha XKKU.

3 Tlopsiiok BHITIOJIHEHUS PAOOTHI

3.1 PemmTh mpakTUYECKYHO 3a1ady IO NPOTPAMMHUPOBAHUIO BHEIIHETO
KOHTpoJuiepa, obecneunBatoiiero rpadudeckuii Beiog Ha LCD gucmeit, co-
TJIACHO CBOEMY BapHaHTY.

3.2 IIpoBeputh pabOTOCHOCOOHOCTH pa3pabOTaHHOM MPOTPAMMBI B CHC-
Teme Proteus.

3.3 IIpoBeputh pabOTOCIIOCOOHOCTH pa3pabOTaHHON MPOrpamMMbl Ha Jia-
O0paTOpHOM CTEH/IE.

4 CopeprxkaHue OTyeTa:

TuTynbHBIN TUCT C HA3BAHUEM U HOMEPOM pabOThI, a TakXKe ¢ haMIIue
WCIIOJTHUTEIIS

[enp paboThI

3amanue Ha paboTy

KoHTpoNbHBIE TTPUMEPHI, PE3YJbTAT BBHINOJIHEHUS MHUKPOKOHTPOJUIEPOM
KOHTPOJIbHBIX TTPUMEPOB.

JIucTUHT TPOrpaMMBL.

BriBoapbl.

5 KoHTpospHbIE BOIPOCHI

5.1 Kakue 3HaueHust HEOOXOUMO TIepeciaTh B BUACONAMSITh, YTOOBI TO-
JYYUTh U300pakeHue OykBol «b»?

5.2 Hanumwure nporpammy mist xpanenus B EEPROM namsaru uzo0pa-
&KeHUst OyKBbI «by.

5.3 Hanumwure mporpaMmy ajisi XpaHeHHs] B TaMATH MporpaMm u3o0pa-
xKeHus1 OyKBbI «by.

5.4 N3o0paxenus 6ykB B EEPROM nmamstu xpaHsTcs mocnenoBaTeasHO,
npudeM Kaxzaas OykBa 3aHumaeT 5 O6aiT. Hanummre noanporpammy, Kotopas
10 KOy OYKBBI IIEPEChUIAET B BUACONAMATh 5 OalT n300pakeHus: OyKBBHI.

5.5 Hanummre anropuT™ BbIBOJIA U300paXEHUS COACPKUMOTO PETUCTPA
B JICCAITUYHOM BHJIE.

5.6 HanuiuTe aaropuTM BbIBOJIa U300paKEHUS COJIEPKUMOTO PErUCTpa
B IBOMYHOM BU]JIE.

5.7 HanummuTe aaroput™ BbIBOJA M300paKEHUSI OTPHUIIATEIIBHOTO COAEP-
KUMOTO PETUCTpPa B ICCATUYHOM BUJIE.
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5.8 KakoBa MuHHMMajbHas MIMpWHA OYyKB B THKCENaX IS peaau3aliuu
PYCCKOro 3HaKoreneparopa?

5.9 Ckonbk0O MHUHMMAJbHO HEOOXOJUMO OalT maMsiTH JUIsl peaau3aluu
PYCCKOTO 3HAKOTE€HEpaTopa C MOCTOSHHBIM KOJIMYECTBOM OalT M300pakeHus
Ha CUMBOJI?

5.10 Kak MOXHO MOCTPOUTH 3HAKOTCHEPATOP C NMEPEMEHHBIM KOJIUYECT-
BOM 0ailT M300pakeHusi HA CUMBOJI?

5.11 CxkoapK0 MHHHUMAJIBHO HEOOXOIUMO OalT MaMsTH IS peau3aliiu
PYCCKOI'0 3HAKOI'€HepaTopa ¢ IMEPEMEHHBIM KOJUYECTBOM OalT M300pakeHMs
Ha CUMBOJI?
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CamocrositenbHas padbota Ned
[IporpamMmmMmupoBanue reuepaTopa aHaJIOrOBbIX CUTHAJIOB MTPOU3BOJILHOMN
¢bopMBI Ha OCHOBE TaliMepa.

1 Kparkue TeopeTnueckue CBECHUS

[IporpaMMmupoBaHre reHeparopa AaHaJIOrOBbIX CHUTHAJOB HEOOXOIMMO
HayuHaTh C npoueayp oomena ¢ LIAIL V kaxmoit MUKpOCXEMBI U CXEMbI TIO-
KIIIOUeHUsT OyIyT CBOM mpoueaypbl oomeHa. Hamucanue mpouenyp obomeHa
Mukpokontposuiepa ¢ I{AII, kak npaBuio, He ciaoxHee, yem ¢ JKKU u nogo6-
HBIMHU yCTPOMCTBaAMU.

[Ipu roroBeix mponeaypax oomena ¢ LIAIl nporpammupoBaHue BbIBOAA
aHAJIOTOBBIX CUTHAJIOB HE MPEACTABISET COOOU CIIOKHOM 3a/1auyu — TOCTATOUYHO
3arpykarb MUGPOBbIC 3HAYEHHUS, COOTBETCTBYIOIIME OTCUYETAM T€HEPUPYEMO-
ro curHaina, B peructp LIAIL. OxHoii u3 npo0iaeM, KOTOPYIO MPUIETCS PelIaTh
pa3pabOTUHKy TAaKOro r€HepaTopa, sIBISETCS TOUHOE 3a/IaHUE YaCTOThl JUCKpe-
THU3ALUY CUTHAJA.

JIns 3aaHKsT BPEMEHHBIX HHTEPBAJIOB JUCKPETU3AIMN MOKHO UCHOJIb30-
BaTh MPOTPAMMHbBIE 3aJ€PKKHU, KaK 3TO ObUIO MOKA3aHO B MPEAbIAYIIUX pado-
Tax, T.€. UHTEpBaJ JIUCKPETU3ALMMU JENUIICA Obl Ha JIBE OCHOBHBIE YacTU —
yacTh BeiBoJIa nH(popManuu B L{AIl 1 yacte mporpamMmuoii 3anepxku. [ToHsAT-
HO, YTO Il OO€CleYeHMs] 3aJaHHOIO0 WMHTEpBaja AUCKPETHU3ALMU BEIUYMHA
MPOTPAMMHOM 3aJ€PKKH HAMpPSIMYIO 3aBUCHUT OT JUJIUTEIBHOCTH MPOUETYPbI
BbIBOJIa MHPopmanuu B LIAIL ITpu uzmenennn mukpocxemsl LIAIl nin, B 00-
meM, Mpyu U3MEHEHUH Tpoleaypbl BbiBoJa nHpopmanuu B LIAIl, Bennuuny
MPOTPAMMHOM 3a/IEPKKUA KaXAbIM pa3 HE0OXOAUMO ObuIO Obl M3MEHsATh. [lo-
sToMy Oosiee A(DPEKTUBHBIN MyTh 1 (OPMUPOBAHUSI TOYHOM YACTOTHI JIUC-
KPETH3alli CUTHAJIA, KOTOPBIM JIMIIEH 3TUX HEIOCTATKOB — 3TO HCHOJIb30Ba-
HUE TAUMEPOB.

B muxpoxontposepe PIC16F877 ecty Tpu Taiimepa — TMRO, TMR1,
TMR2. 1ns npumepa pazdoepem MmexaHu3Mbl padboTsl ¢ Taiimepom TMRO.

TMRO ¢ ToukHM 3peHHs POrpaMMHUCTa — 3TO MPOCTO §-MU Pa3pAIHBIN pe-
TUCTP, KOTOPBIM MOJKET YBEJIWYMBATh CBOE 3HAYECHHE I10 OIPEICICHHOMY
(pOHTY BHEIIHETO MJii MUKPOKOHTpOJUIepa CUrHaia (M Torja OoH paboTaeT
IPOCTO KAaK CUETYMK BHEIIHMX HMIYJbCOB), WA MOXET yBEIWYMBATH CBOE
3HAYEHUE M0 CUTHAIY OT BHYTPEHHETO TAaKTOBOTO TeHEpaTopa (M TOoraa OH pa-
OoTaeT Kak TaiiMep uiu (HopMUpOBaATETh BPEMEHHBIX HHTEPBAJIOB).

TMRO — Taitmep/cueT4nK, UMEET CIeayIONe 0OCOOCHHOCTH:

- 8-pazpsaHbIi TalilMep/CUETUHK;

- BO3MOHOCTBH YTEHHS U 3alIUCU TEKYIIET0 3HAUYCHUS CUETUNKA,;
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* 8-pa3psAIHBIN IPOTPAMMUPYEMBIN MPEAIACITUTEND;

- BHyTpeHHMI WM BHEIIHUA UCTOYHUK TAKTOBOI'O CUTHAJIA;

- Bb100p akTUBHOTO ()pOHTA BHEIIHET'O TAKTOBOTO CUTHANIA;

- IIpepeiBanust ipu nepenoanennu (nepexoa ot FFh xk 00h).

Korga 6ut TOCS copomen B ‘0’ (OPTION REG<5>), TMRO paGotaet
OT BHYTPEHHEro TakToBOro curHana. [Ipupamenne cuetunka TMRO mpoucxo-
IUT B KOKJIOM MAIIMHHOM IIMKJE, T.€. C YacTOTOM FOSC/4 (eciu mpeanenuTensb
otkitoueH). [locne 3anucu B peructp TMRO npupanienune cueTumka 3amnpere-
HO JBa cieayrommx nukna. [lons3oBarens TOMKEH CKOPPEKTUPOBATH 3Ty 3a-
JIEPIKKY MEPEN 3aMMchio HOBOTo 3HaueHus B TMRO.

Ecnu 6ut TOCS ycranosnen B ‘1° (OPTION REG<5>), TMRO pa6oTtaet
OT BHEIIHEr0 UCTOYHMKA TaKTOBOro curHaia ¢ Bxojaa RA4/TOCKI. AxTuBHbIN
(pOHT BHEIIHEr0 TAaKTOBOTO curHajia BeiOupaetrcss 6utom TOSE B peructpe
OPTION_REG<4> (TOSE=0 — akTHBHBIM SIBJISCTCS MEPEAHHUIA (PPOHT CUTHA-
na).

[Ipennenurens MOXET OBITh BKJIIOYEH TEpPE CTOPOKEBBIM TailMepoM
WDT wunu nepen taiimepom TMRO, B 3aBUCHUMOCTH OT cocTosiHus Outa PSA
(OPTION REG<3>). HUcnonb3oBanue npennenurens mnpenq TMRO o3nauaer,
yro WDT pabotaet 0e3 npenaenutens, 1 Ha000pOT.

Kosddunment nenenus npenmenutens ompeaensercs Outamu PSA wu
PS2:PS0O B peructpe OPTION REG<3:0>. Ecnu npeaaenuTesib BKIOYEH Ie-
pean TMRO, nro6sie komanasl 3anucu B TMRO (manpumep, CLRF 1, MOVWEF
1, BSF 1,x u 1.1.) cOpacsiBaroT npeaaenuresb. Korga npeaaenuTens noIKIo-
yeH k WDT, komanga CLRWDT co6pocut npegaenutens Bmecte ¢ WDT.
[Ipennenurens Takke OUUIIaeTCs Mpu cOpoce MUKpokoHTpoiuiepa. [Ipeaaenu-
TeJlb HEOCTYIICH JJIsl YTCHUS/3aIKCH.

Ha pucynke 4.1 nmoka3aHbl OCHOBHbIE KOHPUTYpAIIMOHHBIE OUTHI PETUCT-
pa OPTION REG, cBa3annsie ¢ Tatmepom TMRO.
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Pernctp OPTION_REG (agpec 81h unu 181h)

RAN-1 RAN-1 RAN-1 RAW-1 RAN-1 RAN-1 RAN-1 RAN-1
[-RBPU JINTEDG | T0CS | TOSE | PSA | PS2 | PS1 | PS0 | [R-urenuebura
BuT 7 Bur 0 W — zanwmce SnTa

U — HE peanuanBaHo,
yuTasTeA kax 0
—n — 3HadeHne nocne POR
—¥ — HEM3BECTHOE
aHadeHne nocne POR

GuT 7! -RBPU:
BuT 6: INTEDG-

GuT 5: TOCS: BeiBop TakToBora carHana gna TMRO
1 = BHELUHWA TAKTOBRIM CUrHan ¢ eeieoga RA4/TOCK]
0 = BHYTPEHHUA TaKTOBBIM curHan CLKOUT

ouT 4: TOSE: BuiGop dpoHTa npupawerna TMRED npr BHELWHEM TAKTOBOM CUrHane

1 = npupaweHre no 3agHemy IPoHTY CUIHANE (C BICOKONO K HU3KOMY YPOBHIO) HA BoiBoge RA4/TOCKI

0 = npupalleHue no nepegHemy PPOHTY CUrHana (¢ HU3KOrD K BLICOKOMY YPOBHIO) Ha BeiBoge RA4/TOCKI
auT 3: PSA: BeiBop BRMOMEHWS NpegaenuTEns

1 = npegaenuTtent eknicued nepeg WDT

0 = npegaenuTent Bknioved nepeg TMRO

GuTel 2-0: PS2: PSO: YcTaHosxa KOs OUUWEHTa AENEHWA NpeaaennTEns

JHaueHnE Ona TMRO Ona WDT

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:258 1:128
Pucynok 4.1 - OcHOBHble KOH(GUTypallMOHHBIE OHWTHI PETUCTpa

OPTION_REG, cBsazannsie ¢ Taiimepom TMRO

[Ipn nepenonnennun cuerunka TMRO, T.e. mpu mepexojie ero 3HaYEHUs
ot FFh x 00h Bo3HukatoT npepeiBanus. [Ipy BOSHUKHOBEHUU TIPEPHIBAHUS YC-
tanaBnuBaetcsa B ‘1’ outr TOIF(INTCON<2>). Camo nipepbIBaHHE MOKET OBIThH
paspenieHo/3anpernieHo yctaHoBkoi/copocom o6uta TOIE (INTCON<S5>). ®nar
npepeiBanusi oT TMRO TOIF (INTCON<2>) poikeH ObITh COpOIIEH B MOJ-
nporpamme o0pabotku npepsiBanuii. B SLEEP pexnme MUKPOKOHTpoOJUIEpa
Moaysib TMRO BBIKITIOUEH U HE MOXKET T€HEPUPOBATh MPEPHIBAHUS.

Jaxe npu 3ampemieHHbIX npepeiBanusx oT Taiimepa TMRO npu mepe-
nojHeHuu cuetunka ycranaBiuBaercs B ‘17 out TOIF(INTCON<2>). IToatomy
(aKT mepenoaHEeHUs CUETYMKA MOKHO YCTAaHOBUTD IyTEM OIpoca 3TOro OuTa.

CyMMupysl BCE BBIIIECKAa3aHHOE, HAMMILEM MpOoUeAypy (popMupoBaHHUS
OTHOCUTEJIbHO OOJIBIINX BPEMEHHBIX 3aJI€PKEK C HCIOJIb30BaHUEM Taiimepa
TMRO.

B nauane nporpaMMbl HEOOXOUMO MPOUHUIIUAIU3UPOBATH KOH(pUTYpa-
A0 TakMepa:
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;lIpouenypa mMHMUMaIM3auum Tanvepal
;Bepcusa nna paboTe 0e3 HNpepslBaHM!
;IPEPBIBAHMSA — 3allpelleHE, cpabaTelBaHME OIlpeneliseM
;1o 6oury TOIF B INTCON
; YCTAHOBMM NpennenmTesib Kk TanmMepy 0
; HacTpommMm npenmesnmTesib Ha OejeHue 1:256
InitTmr0
bcf INTCON,TOIE ;3anpeTuMm IPEpPHBaHUSA
;or TamMmepa 0
bsf STATUS,RPO ;OPTION REG - B mepBOM CTpaHMLE
bcf OPTION REG,S5 ;0 = BHYTPEHHMM TaKTOBHIM
; curHajst CLKOUT
bcf OPTION REG,3 ;0 = mpenmenmTesib BKIIOUEH
;nepen TMRO
movlw 0x7 ; YCTAHOBMM TpM MJanumx OmuTa -
iorwf OPTION REG ; HacTpommMm npennmesmrTesib
;Ha nmejyeHue 1:256
bct STATUS, RPO
clrf TMRO ;oumcTuM TMRO
return

Teneppr BpeMEHHON MHTEpPBAJI MEXAY ABYMsI cpaOaThlBaHUAMHU TaliMepa
MOXHO OIpeaenuTh, HanpuMep, 1o ompocy outa TOIF(INTCON<2>). Huxe
MpUBEJIeH (PparMeHT MPOTrpaMMbl, KOTOPBIM (GopMHUpPYET 3alepKKy B 3.6 cek
IPU 4acTOTE KBapua y MUKpoKoHTposuiepa B 20 MI'n. Jlns aToro nucnosb3yer-
Cs JOMOJHUTENbHBIM peructp tmrOcount, KOTOpbIA JOMOJHUTEIBHO JEIUT
dbopmupyemyto TaiiMepom dactoty B 76.3 I'i eme Ha 256. Eciu HeoOxoanma
yactoTa O0oxabnie, yeM 0.3 I'n, Ho MeHbpine yeM 76.3 ', TO HEOOXOAUMO HHU-
HUAaIU3MpoBaTh peructp tmrlcount HeHyNeBbIM 3HaueHHeM. Ecnu HeoOxoauMma
yactoTa 0osblie, yeM 76.3 I, To MOKHO YMEHBIIUTh 3HaYeHUE KOIPDUIIUECH-
Ta JCJICHUS MPEAACIUTENS, UK TOCTe MEPENoJIHEHUS TaliMepa 3anucaTh B He-
ro (B peructp TMRO) HeHyJIeBOE 3HaUECHUE.

mainloop ; OCHOBHOM LMKJI IPOI'PaMMEL

;Koem cpabaTeiBaHusa Tanmepa 0O

; TaviMep HacTpoeH Ha 20MI'u/4/256 (npemmenurens) /256
; (perucTp TamMmepa)=76.3 I'yg

; BeiBOn mHOoOpMaumy OyneT OCYyWeCTBJIATBCS C Y4aCTOTOMU
; 76.3Tu/tmrOcount=76.3/256=0.3 T

; (nnm pas 3Ba 3,6 cek)

;B nporeyce uacToTra npoueHToB Ha 20
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;oKaspBaeTcd MeHblem! -
;IPOBEPEHO Ha BKCIepuMeHTe !

clrw tmrOcount ; MakcuMaJIbHOE UMCJIO B
;tmrOcount (256)

waitmrO btfss INTCON,TOIF
goto waitmrO ;Onpoc 6ura TOIF
bcf INTCON,TOIF ;nporpaMMHBM cOpocC OuUTa-
;IpUBHaKa IIeperoJIHEHYU A
decfsz tmrOcount ;YMeHbIlaeM Hall PEeIrUCTP
goto waitmrO

; Joxnpasnuch !

goto mainloop

2 Ilenp paOOTHI: HAYYUTHCS MOJIB30BATHCA TalkMepoM U  (HOPMHUPOBATH
aHaAJIOTOBBIC CUTHAJIBLI ¢ momoIbio TAIL

3 Ilopsiok BBITTOTHEHUS PA0OTHI

3.1 Pemmth mpakTHUECKyIO 3ajady MO MPOTrPaMMHPOBAHHIO T€HEpaTopa
aHAJIOTOBBIX CHUTHAJIOB ITPOU3BOJILHON (DOPMBI, COTIIaCHO CBOEMY BapHaHTY.

3.2 IIpoBeputh pabOTOCTIOCOOHOCTH pa3zpadOTaHHOM MPOTrPaMMBI B CHC-
Teme Proteus.

3.3 IIpoBeputh pabOTOCIIOCOOHOCTH pa3pabOTaHHON MPOTPaMMBbI Ha Jia-
OOpaTopHOM CTEH/IE.

4 ConeprxaHH€ OTYETA:

TuTynbHBIN JUCT C HA3BAHUEM U HOMEPOM paboOThI, a Takke ¢ haMuInei
VCIIOJTHUTENS

[{enb paboTHI

3ananue Ha CaMOCTOATENbHYIOYIO paboTy

OcuunnorpaMMbl BBIBOJUMBIX CUTHAJIOB.

JIucTuHT porpaMmel.

BriBoabLI.

5 KoHTpOJIbHBIE BOIIPOCHI
5.1 Pa3zpaboTaiiTe anroput™ (opMUpOBaHUS TPEYTOILHOIO CUTHAA.
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5.2 PazpaboTaiiTe anroput™M HOpMHUPOBAHUS MUIO00PA3HOTO CUTHAIA.

5.3 PazpaboTaiiTe anroput™M HOPMHUPOBAHUS CHHYCOUAATBHOTO CUTHAIA.

5.4 Kakyio MakCUMaJIbHYI0O 1 MUHUMAJIbHYIO 3aJI€PKKY MOKHO OpraHu-
30BaTh Ha OMNpPENEICHHON 4YacToTe paboThl MUKPOKOHTpOJUIEpA MPHU MOMOIIU
taiimepa TMRO 6e3 ucnonb30BaHus AOTMOJHUTEIBLHBIX PETUCTPOB?

5.5 Kak ¢ moMoIip0 MUKPOKOHTPOJIEpA MOKHO C(HOPMUPOBATH CUTHAII
OKI?

5.6 PaccunraiTte MakCUMaJIbHYI0 4acTOTY IHCKPETHU3AllUM CUTHAJA, KO-
TOPBI MOXHO CPOPMUPOBATH HA OCHOBE OMPEACICHHON KOHKPETHON MHKPO-
cxemnl [TAII.

5.7 Kakue cymecTBYIOT BO3MOXKHBIE IMyTH MOBBIIMIEHUS MAKCHUMaIbHOU
YaCTOThI AUCKPETU3AIIMU CUTHaJa?
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