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CocraBuredb: CT. mpenoaasarens Tumodees B.U.

MeToauueckue ykazaHus K j1aboparopHOi paboTe mo Kypcy “Mukpo-
MPOIIECCOPHBIC CUCTEMBI yIipaBienus . - Poctos H/[1: M3narensckuii entp JITY,
2009, 12 c.

[IpuBeneHB KpaTKue CBEICHHS O PETHCTPaX CIENHaTbHBIX (QYHKIUN
MHKpOKOHTposuiepa cepun MCS-51, onmcansl pexXuMbl pabOTBI BCTPOCHHBIX
TalfMEepOB U yCIIOBUS UX UCTIONB30BAHMUS, CIOCOOBI pearupoBaHus Ha IIPEPHIBAHMS.
JlaHBI peKOMEHIauuy MO0 IMPUMEHEHHUIO TaiiMepOB, METOIWKA HCCIECIOBAHUS
MTOBEICHUS MUKPOKOHTPOJUIEPA TPH BBHITIOTHEHUHN KOMAH/, 3alaHus Ui paOOTHI,
CITUCOK PEKOMEHYEMBIX HCTOYHHKOB HH()OPMAITHH.

Meroandeckre ykazaHUA IPEeAHA3HAYCHBI VIS CTYACHTOB OYHOTO U 3209HOTO
otTaeneHui o crenransHocTsM 220301 u 220201.

[TedaTaercs 1Mo penIeHUI0 METOAMYECKOH KOMUCCHU (paKyabTeTa
“ABTOMaTH3aNNs1, MEXaTPOHUKA U YIIpaBICHUE .

Hayunsrii pemakTop K.T.H., mpodeccop Cemro 1. A.
Penensent K.T.H., JoueHT JlykpsHoB A./l.

3 Msparensckuit uentp AI'TY, 2009.



Heab padoThI:

1. 3akpemnenue Teopernueckux 3Hanuii 0 MK-51 u ero cucreme komaH.
2. UccnenoBanue BCTpoeHHbIX TaliMepoB MK-51.

3. [IpuBuTHE HaBBIKOB PabOTHI ¢ ycTpoiicTBamu Ha 6aze MK.

MarepuanabHoe oGecrieyenme:

1. [TepconansHas 9BM IBM PC.

2. JIabopaTopHBIi CTEH/T IJIsl KCCIICA0BaHUs Bo3MoXkHOCTei MKS1.
3. Ilporpammsr - FD51.exe, x8051, Link.exe, Stend.exe u nip.

Bonpocs! 1151 TPOBepPKH rOTOBHOCTH K 3aHSATHIO:

1. KakoBbI 0COOCHHOCTH 3aIMCH ONEepaHioB B cucreme komana MK51?
2. Kakue peructpsl cient. Ha3HaueHus: MK51 Brl 3Haete?

3. Kakumu criocodamu MOXKHO mepeciiath HHpopMmaruio B peructp R3?
4. Kakue Bpi 3HaeTe koMaH/1bl ¢ OUTOBBIMH OTIepaHIaMu?

5. Kakue u3 NPUBCACHHBIX KOMaH/l 3aHUMAarOT B IaMATH MEHBIIC MECTa

SETBP1.3; MOV P1,#04H; CLRP1.3?

OcHOBHbIE TeOpeTHYeCKHe MOJI0KEeHHSs

PazpaboTaHHble HA OCHOBE LIUKJIOB MPOTPAMMHBIC 3aEP>KKH UMEIOT OJMH
CYIIIECTBEHHBIH HEOCTATOK: HEPalMOHAIbHOE HCIoIb30BaHue pecypcoB MK. B
TEe4EeHHE BCEr0 BPEMEHHOI0 MHTEpBaja 3aJepKKH MHKPOIPOLIECCOP BHIMONHAET
KOMaHIbI IIUKJIA U ITI0O3TOMY HE MOXKET PEIlaTh HUKAKUX JPYTHX 337a4 YIpaBICHUS
obwvexrom. T.e. Bo Bpemst popmupoBanus 3anepkku MK npakTniecku npocTanBaer.
OnHako cTpykTypa MuKpokoHTposuiepa cepun MCS-51 (MK-51) mo3Bomnset
n30aBUTHCS OT ITOrO HegocTaTka. Mmerommecs Ha kpucrtauie MK peructpsl
CIICHMAaJIbHOI'O HA3HAYCHU S [TO3BOJIAIOT pE€aIN30BaTh BPEMCHHBIC 3a/ICPIKKU HA (l)OHe
paboThl OCHOBHOM IPOrPaMMBI.

MuxkpoxoHTposiepsl cepun 8051 umerot aBa, a cepuu 8052 - Tpu BCTpo-
EHHBIX TaiMepa/cueTyrka. Hamuumne Ha KpucTaie TaKMX YCTPOMCTB MO3BOJISIET
CTPOUTH CHCTEMBI, pabOTarOII}e B PeabHOM BPEMEHH.

Ecmu ncnonp30BaTh TaiiMep/CYeTIHK B peKUMeE TaiiMepa MOTHOTO popmara
(16 6uT), TO MOXKHO MONYUYUTD 3aAEPXKKH B Trana3one 1—o65 536 mkc. [losBnenne
CUrHajia pepbIBaHus OT TaliMepa OyJIeT COOTBETCTBOBATh UCTEUEHHIO BPEMEHHOTO
nHTepBasa. Ilpu 3ToM OyaeT MMeTh MECTO HEeOOJbIIasl IOrPeIIHOCTh, KOTOpas
o0ycioBiieHa BpeMeM, 3aTpadeHHbIM MK Ha BBITOJIHEHHWE KOMAaH[IbI TIepeaadu
yIIpaBJICHUsI 110 BEKTOPY NpepbiBanus. Eciu TpeGyeTcs Oonbliiee BpeMs 3a/IepKKH,
MO>KHO HCIIOJIb30BATh HECKOJIBKO IIEPETIONHEHNH TaliMepa, OCYIIECTBIIS X ITOACYET



MIPOTPaMMHBIM ITyTEM C UCTIOJIb30BAHHEM JIFOOOT0 CBOOOTHOTO PErUCTpa.

Kaxk ImpaBuJiOo, BCTPOCHHLIC TaﬁMepm HCIOJB3YIOTCA IJId BBINIOJHECHUA
TIEPHOIMIECKH TIOBTOPSFOIIMXCSI OTIEPALIH, ISl OPTaHM3aIMi BPEMEHHBIX 3a/IepIKeK,
a TAKXKe IIPH N3MEPEHUSX Pa3IMIHBIX BDEMEHHBIX COOBITHH 1 ITapaMeTPOB BHEIITHNX
10 OTHOIIEHUIO K MUKPOKOHTPOJLIEPY CUTHANIOB.

B 6a30BBIX MOZEIAX ceMEWCTBa UMEIOTCA JBa IPOTPaMMHUPYEMBIX | 6-OUTHBIX
taiimepa/cuetunka (T/CO u T/C1), xoTOpsle MOTYT OBITH UCHOJH30BAHBI KaK B
Ka4eCTBE TaAMEPOB, TaK U B KAUECTBE CYCTUYMKOB BHEIIHUX COObITHIA. KaxpIil 13
HUX COCTOUT U3 ABYX 8-OuTHBIX peructpoB THO (crapmrmii 6aiiT) m TLO (Mumagmmmit
6aiiT) s TaiiMepa 0w TH1 (ct. Gaiit) m TL1 (mur. GaiiT) mns taiimepa 1.

TaiiMep MOXXET BBITIOJIHATD OJIHY U3 TPEX (YHKIIMH:

- TaliMEpa CUHXPOHU3ALINY;

- CUETYMKA COOBITHIA;

- TeHepaTopa TAKTOBOM YaCTOTHI AJIS [TOCIIEI0BATEIBHOTO ITOpPTa.

B pexmme Taiimepa comepKUMOE COOTBETCTBYIOIIETO TalMepa/cueTdnka
MHKPEMEHTHPYETCS B KQKJOM MAIIMHHOM LIUKJIE, T.e. Yepe3 Kaxkaple 12 nepronos
KoJicOaHU T KBapIIeBOTO reHeparopa. boJbIIMHCTBO MUKPOKOHTPOILTEPOB ceprn MCS-
51 paboTraeT ¢ MAIIMHHBIMHA OUKIAMH, COCTOSIINMH U3 12 MEpHoIOB TaKTOBOM
4gacToThl. Takum 006pa3om, TaiiMep HHKPEMEHTHPYETCS uepe3 Kakaple 12 mepromos
TaKTOBOW yacToThl. Hampumep, eciu TakToBas 4acTtora, ¢ KOTOpOod paboraer
MHUKPOKOHTpoJuiep, paBHa 11,059 MI'n (cranmapTHas yactora 1yt GONBLUIMHCTBA
MHKPOKOHTPOJUIEPOB), TO TaiiMep OyaeT paboTaTh Ha 4acTOTE, paBHON

11,059 MI'u/12 = 921583 I'nn.

B pexxume cueTyrka COAEpPKHMOE COOTBETCTBYIOILETO TaliMepa/cyeTunKa
MHKPEMEHTUPYETCS MOJ BO3AekcTBHEM Hepexona u3 1 B 0 BHELIHEr0 BXOIHOTIO
CUTHaJIa, [10JlaBaeMoro Ha BbIBOJ MukpokoHTpomiepa TO mnmu T1. Tak kak Ha
pacro3HaBaHue eproa TpeOyOTCs 1Ba MAIIMHHBIX IIHKJIA, MAKCHMAJIbHAS 4acTOTa
MoJIcYeTa BXOMHBIX CHTHAJIOB paBHa 1/24 dacToThl pe3oHaropa. Ha mmurensHOCTH
[IEpUOJAa BXOIHBIX CUTHAJIOB OIPAHUYEHUH CBEpXY HET. [l rapaHTUpPOBAaHHOIO
IPpOUYTCHUA BXO[[HOﬁ CUT'HaJI JOJDKCH YIACPKHBATHL 3HAYCHUC l, KaKk MUHUMYM, B
TEUYEeHUE OJJHOTO MAIIMHHOTO IIMKJIa MUKpo-OBM.

IIporpaMMHBII AOCTYII K TAEMEPAM OCYILIECTBIISIETCS [IOCPEACTBOM IPYIIIIbL
PErHCTPOB CIIENHUANBHBIX (DYHKIHHI:

- THO wu TLO comepxaT cTapmuii u Miaaamuii 6ait Taiimepa 0
COOTBETCTBEHHO;

- TH1 u TL1 coxepxxut cTapmuii u Miaaammi 6aiTel Talimepa 1;



- TH2, TL2 xpansT cogep:xumoe Taiimepa 2 (Torsko 1t 8052);

- TCON - peructp ynpasieHus Taiimepamu O u 1;

- T2CON - peructp ympasieHus Taiimepom 2 (Toibko st 8052);

- TMOD - peructp pe:KUMOB paOOTHI TAHMEPOB.

[Tockonbky TaiiMep cUMTaeT BIepea, TO HACTYIHUT MOMEHT, Korna oba 8-
pa3psAAHBIX peructpa OyayT ComepXkaTh MIECTHaALAarepuiHble 3HadeHus FF wmm
65535. B cnenyromemM MaltiHHOM NHKJe 3HadeHus peructpoB THx um TLx Oymyt
00HYyIJEHBI, Tocie 4ero cueT nponospkutes ¢ 0. B aTtom cinydae roBopsT o
nepenonHeHnn Taiimepa. CUTyarys MepenoNHeHNsI OUYCHb YacTO MCIONB3yeTCs B
IporpaMmax, TeM 6oJiee 4T0 MOMEHT IIEpPENOITHEHHS PUKCHPYETCS ITyTEM YCTaHOBKU
onpeneneHHbx 6utoB (oHu umeroT obo3zHauenus TFx, x = 0,1,2), Ha3pIBaeMbIX
OWTaMM NEPENoIHEHNUS, B PETUCTPE YIIPABICHUS W KOHTPOJIS TaiMepoB (PErHCTp
TCON). PaccMoTpuM noppoOHee, Kak yCTaHaBIHBAIOTCS PEKIMBI paOOTHI TAMEPOB
Y KaK OHH YIPaBJISIFOTCSL.

‘YcraHoBKA pe:KMMOB TaliMepoB

Ha 6a30BoMm kpucramre 8051 umeercs asa peructpa - TMOD (agpec 89H) u
TCON (ampec 88H). [lna xinonos 8052 umeercst peructp T2CON, npenHa3HaueHHBII
JUTS yTIpaBIieHus TaiiMepoM 2. B otnenbHbIX Outax peructpa TMOD 3a1aroTcst pesxuMbl
pabotsI TaliMepoB, a OuTsl peructpa TCON ympaBisioT 3ammyckoM TaiimepoB 0 1 1.

Bo3moxubl 4 pexuma paborsl T/C MUKPOKOHTpOJIJIEpa, KOTOpHIE
OIIPEAEIISIOTCS yCTAaHOBKOW COOTBETCTBYOLIMX O0MTOB peructpa TMOD. Pexxumbl 0
(13-6utoBsrii Taiimep), 1 (16-OutoBbIil TaliMmep) U 2 (8-OUTOBEIN Taiimep ¢
aBToIepe3arpy3Koil) NoNHOCThIO HAeHTHYHBI it 06oux T/C. B pexume 3 (1Ba 8-
outoBbIx perucrpa) pabdoraer Toabko T/CO, T/C1 B 3TOM pexume 3a0JI0KMPOBaH
(«wrnmen» Outa yripasierus 3amyckoM TR 1 u ¢mara neperoaerns TF 1) u coxpanser
comepxxumoe cBoux peructpoB TL1 u THI. Ilyrem cooTBeTCTBYIOIIETr0
nporpammupoBanus peructpoB TMOD u TCON ocymiecTBisieTcs BKIIOUEHUE U
BBIKJTIOUEHHE TaliMEPOB/CYETUNKOB, BHIOOP NCTOYHMKA X TAKTHPOBAHHS M yCTAHOBKA
pexxuma ux padotsl. Ctpykrypa perucrpa TMOD noka3ana Ha pucyHke 1.

7 6 5 4 3 2 1 0
|GATEI] ¢/T1 [ TIM1] TIMO [GATE( C/T0 [ TOM1 | TOMO |
Pucynok 1 - Peructp TMOD

B 6urax TxMO u TxM1 (x =0,1) peructpa TMOD 3anmarorcst pe>XxuMbl paboTHI
TaiiMepoB, a crapiuue 4 oura perucrpa TCON ynpaBisitoT padoToit TaiimepoB O u 1.
Ecin ycranosnen 6ut GATEQ, To Taiimep 0 Oyner paboTtarh TOJIBKO PY HAJIMYHU



BBICOKOTO YPOBHS cUrHaJia Ha BeiBoze P3.2. Ecnu mansEbIM Ot cOporeH, To Taiimep 0
Oynet paboTaTh BHE 3aBHCUMOCTH OT curHauia Ha BeiBozie P3.2. but GATE] BeimonHser
TOYHO Takue ke QyHKINH, HO A1 TaiiMepa 1.

B 3aBucumocTu ot comepxkumoro 6mutoB TxMO u TxM1 (x = 0,1)
COOTBETCTBYIOIIMK TaliMep MOXKET PabOTaTh B OHOM U3 CICIYIOIIUX PEKUMOB:

- 13-paspsnHoro Taiimepa (TxM1=0, TxM0 =0);
- 16-pazpsnHOTO TaliMepa (TxM1=0,TxM0=1);
- aBTonepe3arpy3kH - auto-reload (TxM1=1, TxM0=0);
- IBYX aBTOHOMHBIX 8-pa3psIHBIX TaiiMepOB (TxM1=1,TxM0=1).

Butet 2-3 u 6-7 onpenensoT JOMOTHUTEIbHEIC YCIOBUS paboThHI TaiiMepOB.
Tak, ecnn ycranossneH our 2 (T.e. TMOD.2 on sxe C/T0), To Taiimep 0 Oyner paborars
B KaueCcTBE CUCTUHMKA COOBITHIA, cunTas rnepenansl 1-0 umimynscoB Ha BeBozae P3.4
MHUKPOKOHTpOJUIEpa. AHAIOTHYHO, TO e OyJeT BBIOMHATE U TaiiMep | Ha BeIBOZE
P3.5, eciu Out 6 (TMOD.6 mu C/T1) Oynet ycranosies. Ecnu 6ur C/TO v C/T1
cOpomieH, T.e. yctaHOBIeH B 0, TO COOTBETCTBYIOINUH Taiimep OyneT
MHKPEMEHTHPOBATHCS B KQKIOM MAIIMHHOM LHKIIE.

Ecnu ycranosnen our GATEQ, To Taiimep 0 Oyzer paborark TOJIBKO Ipu
HAJIMYAH BBICOKOTO YPOBHS curHajia Ha BeiBone P3.2. Ecnu nannsbIii 6ut cOpomies,
To TaiiMep 0 OymeT paboTaTh BHE 3aBUCHMOCTH OT CHTHaja Ha BeiBome P3.2. but
GATE] BbINONHSET TOYHO TakKe ke QYHKIMH, HO Juist Taiimepa 1.

Hawubomnee yacto ucnone3yercst pexuM paboThl TaiMepoB B KauecTBe 16-
pa3psSAHBIX TaHMEpOB M PEXHUM aBTOIEpE3arpy3KH (CHHXpOHHM3ALMs npuema/
nepeaavy JaHHbIX 110 MOCIeI0BaTeIbHOMY ITOPTY).

Pernctp ynpaBiaenus taiimepo/cyerunxoB TCON

VYnpasieHue 3ayCKoM U OCTaHOBKOW TaMEPOB OCYLIECTBIISIETCS [IOCPEICTBOM
YCTaHOBKH/COpOCca COOTBETCTBYIOIIMX OUTOB B peructpe ynpasieHus TCON. burts
peructpa TCON, ncrnons3yeMble B IporpaMMax, oKa3aHbI Ha pUCYHKe 2.

7 6 5 4 3 2 1 0
[ TF1 [ TR1 [ TFO | TRO | 1E1 | 1T1 | 1EO | ITO |

Pucynoxk 2 - Peructp TCON

3neck 6utel TF1 (TCON.7 - Timer 1 Overflow Flag) u TFO (TCON.S5 - Timer 0
Overflow Flag) - OuTH mepenonHeHns, yCTaHABINBAIOTCS MHUKPOKOHTPOJUIEPOM
anmapatHo npu nepenoisenuu (nepexose u3 FFH B 00H) Taiimepa 1 nnu taiimepa 0
cootBercTBeHHO. [Ipn paspemenun pepeiBanmst oT T/CX ycTaHOBKa (yiara BEI3BIBAET
IIpephIBaHHE.



buter TR1 (TCON.6 - Timer 1 Run Control Bit) u TR0 (TCON.4 - Timer 0 Run
Control Bit) - 6uTsl 3amycka TaiiMepoB - Oy/ly4H YCTaHOBJIEHHBIMH B 1, 3aITyCKaroT
taiimep | u Taitmep O coorBercTBeHHO. Eciim 6ut TRX cOpacwiBaercs, To
COOTBETCTBYIOIIHUN eMy TaiiMep OJIOKHPYeTCsI.

Butel TCON.3, TCON.1 - ¢naru npepbIBaHuH - yCTaHABIMBAIOTCS alllIapaTHo,
Korga oOHapy»KeHO BHEITHEE IMpephiBaHue (10 (PPOHTY WM YPOBHIO CHTHAIA) Ha
BeiBoze INT1 mt INTO cootBercTBeHHO . COpachIBarOTCS ammapaTHO BO BpEMs
00paboTKK IpephIBaHUS TOJIBKO B TOM CIIy4dae, KOIja MpepbiBaHue ObLIO BBI3BaHO
(¢bpoHTOM CHTrHaTA.

Butet TCON.2, TCON.0 - OuTHI yIipaBIeHHs TUIIOM IIePHIBAHHS - YCTAHABIHBA-
I0TCS IPOTPaMMHO U OIIPEJENISIIOT TUII BOCIIPUHUMAEMOro curHana Ha xozge INTx.
s Ber6opa cpabaTsiBaHms 10 ppoHTY curHaia (mepemnax 0-1) Hy)KHO yCTaHOBHTH
9TOT OWT, IJIsI cCpabaThIBAHUS IO YPOBHIO (aKTUBHBII - HU3KUIA YPOBEHB) - COPOCHTE.

butel TRX ycranaBniBaroTcs ¥ cOpachIBarOTCsI IPOTPAMMHO ISt BKITIOYEHHS1/
BEIKITIOYCHUS TaiiMepoB/cueTankoB T/Cx.

06a peructpa, TMOD u TCON, MoryT agpecoBaTbcs MOOUTOBO, TIOITOMY,
Hanpumep, Takue komanasl, kak ORL TCON, #80h u SETB TCON.7 sBnstorcst
9KBUBAJICHTHBIMHU. [loOuTOBas azpecanusi O4eHb yAOOHA IPU MAHUIYIALUAX C
OTZEBHBIMH OMTaMH, IPH 3TOM JIETKO N30€KaTh CITy4aiHOTO M3MEHEHHMS OCTAIBHBIX
OHMTOB, KaK 3TO MOIJIO ObI OBITH IPU OAWTOBOM apeCcaIlui.

MeToauka co31anust ¥ OTJIAIKN MPOrPamMm

Co3nanne mporpaMMbl MOXKHO pa30UTh Ha HECKOJIBKO 3TAIlOB:

- aHAJIN3 1 YTOYHCHHUEC UCXOAHBIX JaHHBIX;

- pa3paboTKa CXeMBbI IIPOrPaMMBI (JITOPUTMA);

- HaIlMCaHUe MCXOAHOTO TEKCTa IPOrpaMMBbl Ha sI3bIKe acceMOnepa;

- TpaHCIAIMA B MAllIMHHBIC KOJIbI (KOMHI/IJ'IJ'DIL[I/IH);

- KOMIIOHOBKA IIPOTPaMMBbl;

- mpoBepkKa paboTOCIMOCOOHOCTH MPOTPAMMBI U OTJIajgKa €€ IMpHu
HEOOXOIUMOCTH.

KOMHI/IHHSIHI/IIO HCXOJHOTO TEKTCa IMporpaMmbl B MAallMHHBIC KOJa
HEOoOXOIMMO IPOU3BOAUTH C FICTIOIF30BaHIE KOMITIILIATOpA (Tiporpamma X805 1.exe).
JI1s1 TOro B KOMaHAHY CTPOKY HYXKHO IIOMECTUTb IIPOIPaMMYy-KOMIIUJUIATOP U
umst (aityia ¢ UCXOIHBIM KOZIOM TporpaMmsl. Pacimupenue y daitia ¢ HCXOAHBIM
KOJOM JOJKHO OBITh «asmy. Pe3ympraTroM paboTel KOMOHILIATOpa OymeT
nepeMeraeMblii (aiis ¢ pacimpeHreM «obj» ¢ UMEHeM, OBTOPSIIOIINM UM (aiiia

C UCXOJHBIM TEKCTOM ITPOrpaMMBbIL.



KoM1moHOBKy ciieyeT BBIOIHATE € HCIONB30BaHUEM Iporpammel Link.exe.
KoMnoHOBIIMK 3aITyCKalOT M OTBEYAIOT Ha €ro 3amnpochl. BHayane KOMIIOHOBIIMK
MOTIPOCHT BBECTH MM BXOAHOTO (haifyia, U3 KOTOpPOro oH chenaeTr pabodyio
nporpammy. Pacmmpenue BBOIUTE He 00513aTeIbHO, KOMITOHOBIIMK CaM HaiAeT 1o
UMEHU (aiiil ¢ paciIupeHneM «asmy. 3aTeM KOMIIOHOBIIHK TOTpeOyeT BBECTH UM
CITeyroIero BXonHoro Qaiina. Ecim mporpamma cocTaBiseTcs i3 HECKONBKUX (haiiiioB,
Heo0XoIMMO yKa3zaTb MM BTOporo (aiinma (mamee Tperbero W T.nO.). Ecmu mus
KOMITOHOBKH JIOCTaTO4YHO OofHOTO (haiina, To Haxkarue Ha kiaBuiry ENTER 6e3 BBoxa
MMEHH NIPEKPATUT JabHEHIINE 3a1pOCckl 00 IMEHHU APYTuX (aiios.

Kpome TOTO0, KOMIOHOBIIMK TpeOyeT BBECTH CMELIEHHE AJISl pa3MeIleHHs
BBOAMMBIX (haiiyoB B paboyeli obnactu namsitu. Eciu mist daitna nupexrusoit ORG
3ajaBajcs afpec, OTIMYHBIA OT HyJs, ClIefyeT BBOJUTH CMEILICHUE, €CIH HET -
Haxarve Ha ENTER no3Bonut nepeiTu kK ouepelHoMy 3ampocy.

Ot BBOJa MMEHU OMOIMOTEKH TonnporpaMM MoxkHO oTkazarbest (ENTER),
T.K. B 33IaHAAX TaKasi ONOIMoTeKa HE HCTIONb3YyETCS.

Wwms BeixogHOTO daitna (Output file) MoxxHO He BBOANUTE, HaxkaB Ha ENTER.
[To ymom4anuu BeIxoqHoOMY (aiiny OyaeT NpUCBOSHO UMS BXOIHOTO (aiiia.

[MocmenHuit 3ampoc - BBOA KoJda pacIIMpeHHsl BBIXOAHOTO (haiima. Beibop
cumMBoda «hy IpUBEIET K CO3IaHMI0 BRIXOMHOTO (aiina ¢ pacmmperueM «hexy. Daiin ¢
TaKUM PaCIIUPEeHHEM MOKHO MOMECTHTH B omiaauuk FD-51 g npoBepku 1 omiaaku
MPOrpaMMBbI B MOILIATOBOM peKiMe. BbIOOp cuMBOIIa «X» MO3BOJIUT cO31aTh (haiin ¢
pacmmpenueM «tsky». Takoit (aiin TpeGyeTcs I 3arpy3KH B JTAOOPATOPHBIH CTEH]I.

3arpy3ky pabodeli mporpamMMsbl B Ja0OpaTOpPHbBII CTEH]| OCYLIECTBISIOT C
nomouislo nporpammel stendS1.exe. st 3arpy3ku HeoOXOAMMO 3aIyCTUTh
nporpammy stend5 1.exe i B OTKpBIBIIEMCSI OKHE BEIOpaTh UM pabodeid porpaMMEl,
nepemMelnast ykasareiss Kypcopa. [locie BbIOOpa mporpaMmbl ¥ HaXkaThs Ha KITaBUILLY
ENTER, Ha 3KkpaHe MOHUTOpA KPAaTKOBPEMEHHO BBICBETUTCS OKHO C YKa3aHUEM
KOJIMYECTBa IEPEAaHHBIX B MHUKPOKOHTpoiuiep Oaiit. Ecinm okHO mosBHTCA -
IIporpamMma Ieperpy’eHa B MUKpOKOHTposuiep. [lanee cnenyer, yaepskuBas HaxkaToit
knaBumy CTOII Ha cTenzae, KpaTKoBpeMeHHO HaxaTh Ha knaBumy IIYCK.
ITporpamma nomKHA HayaTh BHITIOITHEHHE.

Eciu BMecTo konyecTBa nepeiaHHbIX B MUKPOKOHTPOJIIEp OaiiT BBICBETUTCS
OKHO ¢ Haamuchio «HeT cBA3M ¢ KOHTPOIIEPOM (CTEHIIOM)», CIEAyeT IPOBEPUTh
kadecTBo coequHeHus cteHa ¢ [1K, a raxoke k kakomy COM mopTy CTEH[I ITOKITIOYCH.
B ¢aiine stend51.cnf moxxHO cmMennTs HOMep COM nopra.



3AJJAHUSA N TTOPATOK X BBIITIOJTHEHUSA

3aganme Ne 1. Paspaborars moamporpamMmy BpeMEHHOH 3aJep>KKA Ha
MHTEpPBaJI BpEMEHH, 3aJaHHBII IIPEToiaBaTeieM C UCIIONb30BaHIEM BOZMOKHOCTEH
BCTPOEHHBIX TaltMepoB MUKpokoHTposuiepa MK-51. BBINOIHUTE KOMOMIIAIMIO U
KOMIIOHOBKY IIPOTPaMMBI. 3arpy3uTh IporpaMmy B omaauuk FD-51 i mpoBepuTh
ee QYHKIIMOHNPOBaHHE.

[TpenBapuTenbHO ClieyeT U3yYUTh 0COOEHHOCTH BCTPOCHHBIX TaliMEpOB,
BO3MOXXHBIE PEKUMBI PAOOTBI, yCIOBHUS MX UCTIOIb30BaHHU.

Jlanee HEOOXOMMMO paccyUTaTh TpPeOyeMoe KOJIMYECTBO IMEPEIOTHEHUN
TaliMepa B Te€U€HHUE 33JJaHHOTO MHTEPBasa 3aA€PKKHU JUIS 3arpy3KH 3TON BETHUHUHBI
B PETHCTP-CUETIHK IUKIIOB.

Pacuet npou3BOANTH UCXOMS U3 CIEAYIOIINX MOTOKECHHUH:

- TakTOBas yacrora (£ ), Ha koTopoii paboraer MK-51 - 12 Mru (Tounee
11,059 MI'n);

- UHKPEMEHT TaliMepa/cueTdrKa BBHIIOIHAECTCA B TEUEHHE KaXIOTO
MAIIUHHOTO [UKJIA;

JUtMTeNbHOCTE OAHOrO MAallMHHOTO UMKJIA (7, ) MOXKHO pacCyuTarh 10
dopmyme:

t=N_ T= NTM“((I/FT) (cex),

e Nmu - KOJIM4Y€CTBO TAKTOB B OHOM MAallIMHHOM ITHUKIJIC.

JIMMTEeNnbHOCTh LMKIIA CIIEJyeT PacCYUTHIBATh C YYETOM YTOYHEHHOI'O
3HAYCHHUs] TAKTOBOH YaCTOThI MUKPOKOHTposiepa: ¢, =12/11,059 = 1,085 mkcex

WHTepBan BpeMeHH, B T€YEHHE KOTOPOTO IPOMCXOAMT IMEPEIOIHEeHUE

TaiiMepa, paCCYMTHIBAIOT C YYETOM BBIOPAaHHOW EMKOCTH CUETYHKA/TaliMepa:

4 ep = EC/

I

£, =65536x 1,085x10°= 0,071 (cex),

T

e E, - eMKOCTb cueTunKa/Taiimepa (65536).
KonunyecTBo nepenosHeHnit Taimepa, MpOUCXOASIINX 32 1 CeKyHITy:

N =1 ceK/tnep.

niep/c
Tenepb MOXHO NPUCTYHHUTh K COCTABJIEHHIO MOANPOTPAMMBI, KOTOpas
BBITIOJTHSET (DYHKINIO 33/ICPIKKH.
PaspaboTaHHBIH MpOrpaMMHBIH MOAYIb HEOOXOIUMO MPOBEPUTH Ha
ucnonHeHue B otaguuke (FD51 umu nHOM), OIleHUBAst IPH 3TOM TOYHOCTh Pac4eTOB.



10

3ananue Ne 2. Ha ocHOBe anroputMa (prc.3) HarmmcaTh Ha sI3bIKE acceMoOuepa
[IPOrpaMMy, 00€CIIEYMBAIOIIYI0 IEPUOANYECKOE (C 3aJaHHON YaCTOTO ) 3aKUraHue
CBETOJMO/Ia, TOAKIIYSHHOrO K CTEHIY. YIPAaBIsTh MUT'AHUEM CBETOIMOJA C

THO,TLO:=0

I

Bbi6op pexmma 1 (16 p.)

I

(RO) = Nnep/c

I

3anyck Tanmepa

ITOMOIIIBI0 OMTOBBIX OTIEPALIH.

-
-«

[

Onwwmpanve (TFO)=1

(TFO):=0

(RO)=0?

Wheepeust P1.X

(RO) = Nnep/c

PucyHnok 3 - Anroput™ pOopMHpOBaHIS BPeMEHHON 3a/Iep>KKH Ha OCHOBE
BCTPOEHHBIX TAIMEPOB



CoXpaHUTh JINCTUHT TPOTPAMMBIL. BHITIOTHUTS KOMIMIIIALINIO X KOMIIOHOBKY
porpamMMmel ¢ KiitoueM “h”. 3arpy3uTh mporpammy B HaMsiTh CTEH/a U IPOBEPHUTH
ee pyHkunoHmpoBaHue. B ciyuyae ee HempaBWIBHONW pabOTHI CKOMIIOHOBAThH
MTOBTOPHO € KJII0YEM “X”, 3aTPy3UTh B OTIAAYNK H HaWTH omuOKy. [Ipomssectn
KOMITWJIISILIMEO ¥ KOMIIOHOBKY HCIIpaBlIeHHOM mporpammel. [IpoBeputs ee paboty B

crenne. Crenars BHIBOMBI.

3ananne Ne 3. Ha ocHoBe mporpammsel u3 3amanuii 1 u 2 pa3paborars
MIPOrPaMMHBIN CABUTAIOLIHI PETUCTP AJISL yIIPABICHNS 00bEKTaMH (CBETOIHOIAMH ),
noAKIroYeHHBIMU K opTy P1. Iloncunrars ey nporpaMMel M BpeMsi €€ BBITOTHEHNS
nipu TaktoBoi gactore 12 MI'. CocTaBUTh KapTy aMSITH IIPOTPAMMEL.

3ananue Ned4. Pazpaborars M OTIAgUTh NMPOTPaAaMMYy YIIpaBJICHHS
ABTOMATHYECKHM J03aTOPOM MHOTOKOMIIOHEHTHBIX cMecei. JI03bI perynmpyrorcs
IIyTEM OTKPBITHS 33IBUKEK, YIPaBIsieMbIX uepes auHud nopra 1 MK-51 na 3anannoe
BpeMsi. BpeMeHHbIe MHTepBalbl 3a/1aBaTh, HCIIONb3Ysl TaiiMEphl U MPEepPBhIBAHMUSI.
BapuaHTBI MOIKIIOUSHHsS JINHUI YIpaBlIeHUs. ¥ BPEMEHHbIC WHTECPBAIbBI IJIS

Pa3IMYHBIX BAPUAHTOB IIPUBE/ICHBI B Ta0JIHUILIE.

Bapuantel 3aganuit
Hnr. BapI/IaHTLI HCXOJHBIX JaHHBIX
Bpem | 1 2 3 4 5 6 7 8 9 10
tl 1 9 10 6 15 13 8 5 4 11
t2 15 16 17 18 11 14 16 7 6 18
t3 4 5 12 2 3 1 9 10 17 3

Conep:kanmne or4yera:
1. CxeMa 1 TUCTHHT IPOTPaMMBI 110 KQKIOMY 33IaHUHIO.

2. Kapra namsru.
3. BeiBogbI.
Bonpochl U151 NIPOBEPKH 0CTATOYHBIX 3HAHUM:
1. Ilpu BEITIOTHEHNH KaKUX YCIOBHUH 3amyckaeTcs Taiimep B MK-517?
2. Kakue peructpsl Criell. Ha3HaueHwUs BIHSIIOT Ha paboTy TaimepoB MK517?
3. KakoBa peanbHas TakToBas uactora MK-51, ecinu 3asiBiieHo, 4To OHa paBHA
12 MI'?
4. KakoBa IoOTpenrHocTs BRITIOHEHUS MTPOTPaMMEI B 3a1aHUH Ne2?
5. 3a CKOJIBbKO MAIIMHHBIX [IMKJIOB BEITOIHIOTCS KoManasl SETB P1.3,
MOV P1,#04H, CLR P1.3?
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