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PE®EPAT

TekcToBa yacTHHA KypCOBOTO MPOEKTY: 35 cTOpiHOK, 19 pucyHKiB, 2 Tabmuipb Ta 8
MOCWJIAHb.

O0’exT mpoekTyBaHHs - “CucTemMa KOHTPOJIIO TeEMIIEparypu’”.

Mera npoOeKTy - JOOBEPUIMTH CBOI HAaBUKM Yy pPO3pOOLI CTPYKTYpHOI CXEMH,
eneKkTpuaHoi mpuHIMNoBoi cxemMu MKC, CTBOpEHHsI MPOEKTY 3 BUKOPUCTAHHSIM MPOTPaMU
PROTEUS, po3pobmi amroputmy ¢yHkmionyBanas MKC, a Takok HamvcaHHS KepyrJoi
MporpaMu JJii MIKPOKOHTPOJIEPIB. 3aKpIMUTH TEOPETHUYHI 3HAHHS 3 OCHOBHHUX TOHSIThH
aucuuIuieg “MikpokoHTpoJiepu Ta ix I17.

Pe3ynbrar poboTH HaJ KypCOBHUM IMPOEKTOM MOKa3aB, IO 3aBISKH BUKOPUCTAHHIO
IBOX TIPOCTHX MIKPOKOHTPOJIEPIB Ta MOIYJS pealbHOTO Yacy MOXKHAa CTBOPHUTH
MOBHOI[IHHY CUCTEMY MOHITOPHHIY TeMIIEpaTypH.

MK, T74, SPI, 2-psaxoswuii PKI, SPLAN, MPLAB IDE.



[NIEPEJIIK YMOBHUX [TO3HAYEHD

ALIT Amnanoro-ugpoBi nepeTBoproBadi

BIC Benwki iHTerpansHi cXeMu

I3 ['moGanepHa 3amaua

I'TI ['ereparop TaKTOBUX IMITYJIbCIB

33 3araigpHa 3a1aya

3MII 3amaui Maioi po3MIpHOCTI

MK MikpokoHTpoIEp

MKII MIKpOKOHTpOJIEpH] TPUCTPOI

MKC MIKpOKOHTpOJIEpHa CXeMa

H3 HaitmpocTinmi 3amayi

OMK OHOKpUCTATIBHI MIKPOKOHTPOJIEpU

[13I1 [ocTiiiHui 3anam’ ITOBYIOUY Ui IPUCTPIiA

HAIT [Mudpoananorosi nepeTBoproBayi

LTI LlenTpanbHuii IPOLIECOPHUN IPUCTPIN

M [1poTHO-IMITYIbCHA MOAYJISLLIS

12C Inter-Integrated Circuit (MbkiHTerpaibHa cXema)
SPI Serial Peripheral Interface (ITocninoBuuit nepudepiiinuii

HTepderic)
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BCTYII

TunoBumu npencraBaukamMu  RISC-nponecopis € PIC-kontponepu (Periferial
Interface Controller — xontposepu mnepudepiitaux iHTepdelciB) BUpOOHUNTBA hipMU
MicroChip.

PIC-koHTpODIepH 3aCTOCOBYIOTBCSI y CHUCTEMAax BHCOKOIIBUIKICHOTO KEpyBaHHS
aBTOMOOUTbHUMU M €JeKTPUYHUMH JBUTYHAMM, TMpUJIaJax IMOOYTOBOI €NEKTPOHIKH,
teneoHHUX npuctaBkax 3 ABH, cuctemMax 0XOpoHHM 13 CIOBINIEHHSM 1O Tele()OHHIN JiHIi,
MIHI-ATC. Oxpemi BUMIpIOBabHI 1H(GOpPMAIHI CHCTEMH BIIPI3HAIOTHCSA PO3PIHICTIO
[1I3T1(nocTiiftHO 3amam’ ATOBYHOUOTO MpHUCTPOr0): Bim 12 no 14 61 ans cepii PIC16Cxx, 16
o1t — nis cepii PIC17Cxx.

3aBIsAKM CKOpOYEHIM KutbKOCTI KoMaH[ (Bim 33 mo 35) ycl KoMaHIu 3aiiMarloTh Y
nam’siTi oJHe cJioBO. Yac BHUKOHAHHS KOXHOI KOMaHAM, KpiM KOMaHJ pPO3TayKEHHS,
CTAHOBUTH YOTHUPU TakTH — oAuH 1muka (200 HC Ha uvactoTi 20 MI'm). OmneparuBHMIA
3amaM’SITOBYBAIbHUI TPUCTPIA BUKOHAHO 32 CXEMOIO 3 JOBUIbHOK BHOIPKOIO 3
MOXJIMBICTIO 0€3T0CEepEIHbOI afpecalii y KOl KOMaH i1 10 OYy/Ib-IKOi KOMIPKH.

Crek peanizoBaHo amaparHo 3 riambuHoro 2, 8 abo 16 komipok. Maitke B ycix PIC-
KOHTpOJIEpax € CHUCTEMA MepEepUBaHb, JXKEPEJIOM SIKUX MOKe OyTH TaiiMep, a TaKoK 3MiHa
CTaHIB cUTHAIB Ha Aesikux Bxogax. ¥ PIC-konTposepax nepenbadenuit 6ir 3axucty 1311,
110 3an00irae HeJeraTbHOMY KOMIFOBaHHIO.

Bemuki mTerpanshi cxemu PIC16Cxx matots BOyaoBani [1311 emnicTtio Bin 0,5 no 4
kiocaiB 1 O3[(onepaTuBHO-3amamM’ ITOBYIOUMI IPUCTPIiT) eMHICTIO 32-256 Gaifit. OcHOBHA
yacTUHA KOHTPOJIEpIB Mae ofgHOKpaTtHO mnporpamoBanuil I3[, ongHak neski KOHTpoJsiepu
MmicTaTh [I3I1 3 ynerpadioneroBum ctupanusM, a PIC 16C84 micTuTh nam’siTh mporpam i
nam’ ATh AaHux Ha 0a3i [1311 3 enekTpudaHUM CTUPAHHSAM.

Kpim TorO, KOHTpOJEpH MAIOTh BiJ OJHOTO JI0 TPHOX TakMEpiB, BOYJOBAaHY CHCTEMY
ckunanas, watchdog TaliMep, BHYTpIIIHINA TaKTOBUU T'€HEPATOpP, SIKMH MOXKE 3aIyCKaTUCS
SK B KBapLIOBOTO pe30HaTopa, Tak 1 Big RC-naHIrora y mmpoxomMy miana3zoni yactot — 0-
25 MI'n. Kuekicte po3psaaiB moptTiB — 12-33. KoxHuit po3psag TopTy MOXKHA
3arporpaMyBaTy Ha BBEJIEHHs a00 HA BUBE/ICHHS.

Kontponep PIC16C64 nonarkoBo mae Buxin 3 LM, 3a nonmoMororw sikoro Mo>xHa
peanizyBatu [{AII 3 po3psaHiCTIO 10 16 po3psiB, a TAKOXK MOCTIIOBHUN ABOHAIPIMJIICHUNA
cunxpoHauit opt 3 iHTepdeiicamu SPI, [2C, SCI/UART. PIC 16C71 i1 PIC 16C74 maroThb
BHyTpimHINA  8-pospsaauii ALl 1B mnpuctpoem BuOWpaHHSA/30epiraHHS 1 BXITHUM
aHAJIOTOBUM MYJIbTHILICKCOPOM.



1 PO3POBKA CTPYKTYPHOI CXEMHU MKC

1.1 Amnaji3 3aBI1aHHA Ta CHHTe3 CTPYKTYpHOI cxemu MKC

[Ipu mpoektyBanHi MikpokoHTposepHux mpuctpoiB (MKII) a6o cuctem (MKC)
MOYHa BUKOPHUCTOBYBATH OJIOKOBO-lEpapXMMHUK NiAXid, Npu sikoMy ysBieHHs npo MKII
a6o MKC, 1m0 mpoeKTyroThCs, pO3WICHOBYIOThCS Ha iepapXiuHi piBH1. Ha Buiomy piBHI
BHKOPHUCTOBYEThCS HAWMEHIN JCTATI30BAaHE YSABJICHHS, IO BigoOpaXkae IMINE TUIBKA
3arajgbHI PUCH 1 OCOOIMBOCTI CHUCTEMH, IO MPOCKTYeThCsA. Ha HAaCcTymHHUX PIBHSIX CTYIIHB
NOAPOOUIs PO3TISIAY 3pOCTae, MPHU I[BOMY CHCTEMa PpO3TIISNAETbCA HE 3arajioMm, a
okpemuMu Oyiokamu. Takui mMmiAXig J03BOJIIE Ha KOXHOMY piBHI (OpPMYIIOBAaTH 1
BHPIITYBaTH 3a/1a4l JOMYCTAMOI CKJIQHOCTI, 110 TIIAF0THCS YCBITOMIICHHIO M PO3YMIHHIO
JIOIMHOIO Ta PIIEHHIO 3a JOMOMOIOI0 JOCTYMHHX 3aco0iB. IlepeBarm Takoro migxomy
MOJIATAI0Th B TOMY, 1110 CKJIa[{HA 33/1a4a BEJMKOI PO3MIPHOCTI PO30MBAETHCS HA TPYIIN 3a/1a4
MaJjIoi PO3MIPHOCTI, K1 IMOCTITOBHO BHUPINIYIOTHCS, MPHYOMY BCEPEIHNHI TPYIT PI3HI 3a1adi
MOXYTh BHUPILIYBATUCS MapaieibHO.

CTpykTypHa cxema — II€ CXeMa, sika BHU3HA4a€ OCHOBHI (DYHKI[IOHAIbHI YaCTHUHU
BUpOOY, iX B3a€EMO3B's3KM Ta npusHadeHHs. [l (yHKIIOHATBHOIO YaCTUHOK PO3YMIIOTh
CKJIAJIOBY YaCTUHY CXEMH: €JIEMEHT, MPUCTPIA, (YHKIIOHAIbHY TPYIy, (QYHKIIOHATLHY
JIaHKY.

CtpykTypHa cxema nmpu3HaueHa /ISl BiTOOpaXEHHS 3arajlbHOi CTPYKTYpPH MPHUCTPOIO,
TOOTO HOro OCHOBHHMX OJIOKIB, BY3JiB, YaCTUH Ta TOJIOBHHX 3B'S3KIB MDK HUMHU. I3
CTPYKTYPHO1 CXEMH TTOBHHHO OyTH 3p03yMUIO, HABIIIO MOTPIOHMIA TaHWA MPUCTPIH 1 K BiH
NpAIOE B OCHOBHUX PEXUMax POOOTH, SK B3aEMOIIIOTh HOro 4dacTuHU. [lo3HaueHHs
CIIEMEHTIB CTPYKTYPHOI CXEMH MOXKYTh OOMpPATHCh JOBUTLHO, XOYa 3arajibHONPHHHITHX
MIPaBUJI BUKOHAHHS CXEM CJIIT TOTPUMYBATHCh.

OOG’eKTOM JOCHIKEHHS JaHOTO KypcoBOro mpoekty € Cucrtema KOHTPOJIO
TEeMIIEpaTypH, IO Mpairoe Ha OHOBI 2 MikpokoHTpoJiepax PIC16F876, PIC16F883.

PoGora mpunany 3abe3nedyyerbcs MOCHITOBHUM IM(POBUM TepmojaaBaueMm 174,
IpaHWYHI 3HAYEHHS JIJIS IKOTO OYTyTh BCTAHOBIIOBATUCH 32 IOTIOMOTOIO KHOTIOK.

Busin iHdopMariil 311iCHIOBATUMETHCS Y€PE3 TBOPAIKOBHIA PIIKOKPUCTATITHUN
IHIUKATOP, IO MOKa3yBaTUME IHIWKAIIIFO.

CrpykrypHa cxeMa MKC st CucteMu KOHTPOJIIO TEMIEpaTypy BU3HA4Yae
OCHOBHI (DYHKIIOHAJIbH1 YaCTUHU BUPOOY Ta 3a3Ha4y€Ha Ha pUCYHKY 1.1.

[lepmmii 610K TaHOI CXeMH BIAIIOBINAE 3a 3UMTyBaHHA iHbopMalli. B mogaipiomy,
HaIlll JTaHl MICJIS 3YUTYBaHHS MPOHIYTh Yepe3 IBa MIKPOKOHTpOJIepa To NMpoToKoay SPI.

VY npyromy 60111 cxemu CuCTeMH KOHTPOJTIO TEMIIEpaTypH 300paxeHo rpadiaHmii
BUBIZ iHbopMallil, 1110 Oyae MaTti HacTynHui Bursia: rele - on/off, t = x°C.



PIC16F876

Knonkn

......................................................................

PKI, 2psian

PIC16F883

:
Peae !

Pucynok 1.1 - CtpykrypHa cxema CucTeMu KOHTPOJIIO TEMIIEpaTypH

1.2 Bwubip MikpoKOHTpo.JIepiB Ta aHAJI3 iX NapamMeTpiB

B ocranni poku mpu p03po6u1 CUCTEM KepyBaHHs Bce Oulbllie yBaru HpI/I,Z[IJI}ICTLCSI
MIKpOKOHTpoJiepHii TexHiul Lle moB's3ano 3 ii OypXJIMBUM pO3BUTKOM 1 HIMPOKHM
ACOPTHMEHTOM TPOTIOHOBAHOI MPOJYKIli. BUKOpUCTaHHS MIKPOKOHTPOJIEPIB O3BOJISE
KOHCTPYIOBaTH NPHUCTPOi 3 HEBEIMKHMMH Tra0apuTamu, 10 € BIIHOCHO JICHICBUMH,
NPOCTUMH 1 HAJIMHUMH, CYMICHUMH 3 IMEPCOHAIBHUM KOMII'IOTEPOM YEPE3 CTaHIAPTHI
HTepdeiicu.

OcnHoBHa MeTa mnpu BHOOpPI MIKPOKOHTpojepa - oOpaTd MIKPOKOHTpOJEp 3
MIHIMAJbHOIO I[IHOIO, ajle B TOH JK€ 4Yac BIH I[OBUHEH BIAINOBIZAaTH BHUMOIaM
MPOIYKTUBHOCTI, HAJIITHOCTI, yMOBaM 3aCTOCYBaHHSI, TOIIIO.

Hactynnuii kpok mnpu BHOOpPI MIKPOKOHTpOJE€pa — TOIIYK MOJENEH, sKi
3a/10BOJIbHAIOTH CUCTEMHUM BUMOTaM. BiH BKIto4ae migodip Jireparypu, TEXHIYHUX OIMUCIB
1 TEXHIYHUX KOMEPIIMHUX XKypHAIIB, a TaKOX IEMOHCTpaIliifHi KOHCYbTalli. OcTaHHs
cTazisi BUOOPY CKIQAEThCS 3 KUTbKOX €TalliB, MeTa SKUX - 3BY3UTH CIHCOK MPUUHITHUX
MIKPOKOHTpOJEpIB A0 ojaHoro. Lli etanu BKIOYarOTh B ceb€ aHAI3 IIHU, JOCTYIHOCTI,
3ac001B pO3pOOKH, MATPUMKH BUPOOHHMKA, CTAOUILHOCTI Ta HAIBHOCTI IHIIUX BUPOOHUKIB.
[lpoBeneHHsI CHUCTEMHOrO aHali3dy MPOEKTY JO03BOJSIE BH3HAYUTH BHUMOTHU  JIO
MIKpOKOHTpOJIepa:

® PO3PSIHICTH OOUUCITIOBAILHOTO SI/Pa;

¢ HalOip BOynoBaHux nepudepiinux npuctpois (tTaimepu, AL Totmo...);
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e amapaTtHa oOpraHBamisl oO0poOKM JaHuX (CTPYKTypa MAIIMHHOTO IHKIY,
cmiBBigHOIICHHS TakTiB ['T1 1 MamHHUX [UKITIB);

® MOJIMBICTh pOOOTH MO MEPEPUBAHHIO, 3a 30BHIIIHIMU CUTHAJIAaMH TOTOBHOCTI a00
M0 KOMaH/1aM JIFOIMHU;

® KUIbKICTh KEPOBAHUX IMOPTIB BBEJACHHS/BUBOAY, XapakTep Imepemadi - OalT
a0o OiT, mporpamMHe HAJAIITYBAaHHS HAMPSIMKY TIepenadi;

® THUII TIPUCTPOIB BBEJICHHS/BUBOMY, SIKUMH IOBHHEH KEepyBaTH OOHMpPAIOTh MIKPO -
KOHTpOJIEp B MPOEKTOBAHIA CHUCTeMi (TepMIHAIM, BUMHKAYi, peiie, KJIaBilIi, aaBadi,
uupoBl OPUCTPOI BBBYaIbHOI IHAMKAIL, aHanoro-uudpoBi # 1Mdpo- aHAIOTOBI
NEPETBOPIOBAY L, MOAYJISITOPU TOLIO);

* MATPUMYBaH1 CTIOCOOM 3aBaHTAKEHHS MPOrpaM B MIKPOKOHTPOJIEP, - MOKJIUBICTh
BHYTpPIIHbOCUCTEMHOTO  mporpamyBanHs  (ISP),  BukopuctaHHs Tpu  1IBOMY
ctanaaptuzoBanux iHTepdericis (SPI, 12C);

® KUIBKICTb 1THUIT HAIPYTH >KUBJICHHS,

* MayiorabapuTHI Ta €CTETUYHI 0OMEKCHHS;

® YMOBH HaBKOJIMIIIHBOTO CEPEIOBUIIA, HEOOXITHI JIJIs eKCTUTyaTallii.

Mikpoxkontponepu PIC16F876 ta PIC16F883 maioth pexumu eHepro3depexeHHs 1
MOYJIMBICTB 3aXUCTY KOAY MPOTPAMH.

Y MikpokoHTposiepu BOymdoBaHWI cTopoxkoBuil Taiimep WDT, skuii moxe OyTu
BUMKHEHMH TUIbKM B Orrax KoH(Irypaumii MIKpokoHTposepa. /[ minBUILEeHHsS HaAiHOCTI
cropoxoBuii Taiimep WDT mae Bnacauiit RC reneparop.

JlomatkoBUX /Ba TaiiMepa BUKOHYIOTh 3aTPUMKY CTapTy poOOTH MIKpOKOHTpOJIEpA.
[epmmii, Taiimep 3amycky reneparopa (OST), yrpuMye MIKpOKOHTPOJIEP B CTaH1 CKUAHHS,
MOKA HE CTAOUIBYETHCA YACTOTa TAKTOBOTO TIE€HEpaTopa. I[pyrm/l TaI/IMep BKJTIOU €HHS
xwuBjeHHs (PWRT), cipampoBye Micyis BKIIOUEHHS KUBJICHHS 1 yTPUMY€E MIKPOKOHTPOJIED
B CTaHI CKHJAHHSA TIPOTATOM 72MC (THUIIOBE 3HAYEHHS), TIOKH HE CTaOUIBYETHCS
Hampyra >KUBJIEHHSA. Y OUIBIIOCTI AOMAATKIB 111 (QYHKIII MIKPOKOHTpOJIEpa J03BOJISIIOTH
BUKJTFOYUTH 30BHIINIHI CXEMH CKUIAHHS.

Pexxum SLEEP npusnauenuii mis 3a0e3nedeHHs HaHU3HKOTO €HEPTOCTIOKUBaHHS.
MikpokoHTpojep Moxe BUiTH 3 pexumy SLEEP mo curnamy 30BHIIIHEOTO CKUIAHHS, IO
MIEPETIOBHEHHIO CTOPOXKOBOTO Taiimepa abo Mpy BUHUKHEHHI ITepepUBaHb.

Bubilp pexumy poOOTHM TakTOBOIO T€HEpatopa J03BOJIIE BHKOPUCTOBYBATH
MIKpOKOHTPOJIEpM B PBBHHUX JojaTkax. Pexxum TtaktoBoro reHeparopa RC no3Bosisie
3MEHIINTH BapTICTh TPUCTPOIO, a pexuMm LP 3HMuUTH eHeprocmoxuBaHusa. bitn
KOH(DIrypailii MIKpOKOHTPOJIEpa BUKOPUCTOBYIOTHCS /11 BKA31BKH PEXKUMY HOTO POOOTH.

1.3  Onwuc nepudepiiiHuX NPpUCTPOiB Ta poOOTA 3 HUMH

1.3.1 HocainoBumii uu¢posuii repmoaasay T74

TC74 € cepiitHO AocTynHMM LU(GPOBUM AaTYUKOM TEMIEpaTypH, SIKMid OCOOJIMBO
HIIXOUTh JJI1 HEIOPOTHX 1 MaMX JoAaTKiB. JlaH1 mpo TeMIieparypy MepeTBOPrOIOTHCS 3
BOYZIOBAaHOTO TEPMOYYTIMBOTO €JIEMEHTA 1 CTalOTh AOCTYMHUMHU Y BUTJLIAl 8-01TOBOTO
ugposoro ciosa. 3B's130k 3 TC74 3a1liCHIOETbCS Yepe3 2- MPOBIIHUHN MOCTIIOBHUN TOPT,
cymicanid 3 SMBus/I?C. Lo mmHy TakoX MO»Ha BUKOPHCTOBYBATH JJII MOHITOPUHTY
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KkutbkoX Todok/0araro 30H. bir SHDN B perictpi CONFIG mMokHa BUKOPHCTOBYBATH JJIs
aKTHBAllii peKUMY OUIKyBaHHS 3 HU3bKHM €HEPTOCTIOKMBaHHAM. TemreparypHa po3IlibHa
3aatHICTh  cTaHOBUTH 1°C. IBMAKICTP TNEPETBOPEHHS CTAHOBUTHh HOMIHAIBHY &
BuOIpok/cek. Ilig yac HopMabHOT pOOOTH CTPYM CTIOKOIO CTaHOBUTH 200 MKA (THIOBHIA).
[lin yac poOOTH B peXuMI OUIKYBaHHS CTPYM CIIOKOIO CTaHOBUTH 5 MKA (THIOBH).
HeBenuki po3mipu, HU3bKa BapTICTh BCTAHOBIICHHS Ta MPOCTOTAa BUKOPUCTAHHS POOJISTH
TC74 igeanmbHUM BHOOPOM ISl BIPOBAKEHHS TEPMOPETYJIIOBAHHS B PI3HOMAHITHUX
cucTemMax.

TO-220 SOT-23
O SDA SCLK
5 4
TC74
2345 TC74

T F B
NC GND Vpp

1
o<
zZ0Z

o

Note: The TO-220 tab is connected
to pin 3 (GND)

VDD ————

Pucynok 1.2 — CtpykrypHa cxema T74

TexHIuH1 XapaKTEepUCTUKHU:

) TounicTh - HaliBuIa (HariHmwK4a): £2°C (£3°C)

. Oco6muBocTi: PexxuM odikyBaHHS

. Po6oua Temnieparypa: -40°C ~ 125°C

. Tun Buxoxay: PC/SMBus

Po3aimeHa 3matHICTE: 7 0

Temneparypa cnpuiiHaTTA - Micuesa: -40°C ~ 125°C
Tun naruvka: udpoBUil, TOKATLHUMA

YMmoBu BunpoOyBanus: 25°C ~ 85°C (0°C ~ 125°C)
Hanpyra - xuBnenns: 2,7 B~ 55B

1.3.2 PinkokpucrtaniuHi andaBiTHO-CUMBOJILHI iHTUKATOPH

PKI 1B 3HakoCHMHTE3yIOUMM KOHTPOJEPOM YacTO BHUKOPUCTOBYIOTHCS TIPH
MIPOEKTYBaHHI IM(PPOBUX NPUCTPOIB.
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PK - naHensb BL+
BL-
/]
—1— Vo
a1 Apaneepu VCC
KoHTponep GND
LA A A
8 _I-
Vv

DBO-DB7 RS RW E
Pucynok 1.3 — CtpykrypHa cxema PKI

OcuoBoro PKI € marpuiis 3 piikux KpUCTaB, IMOJAI0YN HAMPYTY HA €JICMEHTH SIKOi
MOXHa "3aCBITUTU" KpanKy Ha eKkpaHl. MaTpHlsl CKIaJaeThCsl 13 3HAKOMICLb (HalvyacTie
5*8 mikcemiB), 3rpynoBaHuX y KitbKa psakiB. Llum kepye BOymoBanuii kontposiep PKIL Bin
kepye mikcemsmu PK — qucmiero 1 iHTepheiiCHOI0 YaCTUHOIO 1HIUKATOPY.

PinkokpucTtanuni 3HakoudpoBi TabJ0 HaliekKaTh 10 HAMOUIBII PO3MOBCHOIKEHUX
tuniB HaukaropB. i inagukaTtopu OyBaroth 1,2,4 ctprukoBuMu. Y ctpmmi 8, 12, 16, 20,
24, 40 cuMBOJIIB, KOKHUH 3 SIKUX (opmyeThest mpudToM dopmary 5*8 abo 5*11 mikcenis.

3aBaHHS TIIKIIOYEHHS 3BOJUTHCSA JI0 OpraHiami oOMIHY JaHUMH MDK
MIKPOKOHTpPOJIEPOM Ta BOYJIOBaHMM KOHTpoJiepoM. Hwrkdue MMoka3aHi TPHKIA] CXCMH
MIKIFOYEHHS JIJI1 BOCbMHUOITHOTO 1HTEpdeEiicy.

[arepdeiic mae Bicim HpopMmaritaux miHi: DB7..DB0 1 tpu kepyrounx: RS, R/W,
E. Jliniz RS Bm3Hauae 1o sxoro perictpy koHtposepa PKI mu nparaemo 3BepHyTHCS, TOOTO
Ky 1H(popManilo MU nepenaeMo - naHi abo komanau. JliHin R/W Bu3Hauae Hampsmok
nepenadi gaaux - 3anuc y PKI a6o uwmranns 3 PKI. Jlinist E Bxmouae (konmm Ha miHi
BHCOKHH pPiBeHBb) a00 BHKIOYAE (KOJM Ha JIHII HU3BKWHA PIBEHB) Tepemady iH(opmarii,
copmoBanoi Ha HIMX 1HTEpdeicHuX NiHiTX. OCHOBHI MapaMeTpy HaBeAeH! Y TEXHIUHIN
JTeparypi.

[nimianzamis PKI momsirae B mepenadi 1eKiTbKOX KOMaHJ y TEBHINA MOCTITOBHOCTIL
KimpkicTe KOMaHJ IHIMIami3arii Moke BIIPBHATHCS B PBHUX KoHTpojepiB. Ilim wac
HillanBanii kpamie He aHainizyBatu npanopeubs BUSY, a yekatu BuzHaueHul yac nepen
MTOCHJIKOIO HACTYITHOI KOMAaHIH, TOMY IO TParopellb BCTaHOBIIOETLCS HE BiIpasy, a MicIis
neBHOi KomaHAu (mauB. marammT). [Himianiamis PKI BUKOHYeThCS aHAIOTTMHO SIK IS
napaieapbHOT0 HTepdeicy MIKIFOYEeHH Tak 1 1 mocaigoBHoro (migkmodenas PKI mo
12C gu SPI).

Piaus Mk 8-01THUM Ta 4-01THUM 1HTEp(EcOoM MOJIATae JUIIe B TOMY, IO Npu 4-
O1THII Tepenavi JaHux HeoOXigHO moaaBatu curHamm RS, R/W stk st Moo Aol Tax 1 ayis
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ctapmioi Terpanu. Komanan mimianizanii podotn PKI 3anumarotbcs oqHakoBUMH.

VY PKI € 2 Bugu nam'siti. DDRAM, CGRAM (CGROM). DDRAM - display data
RAM (nam'site uciuiest) - Te, o 3anucaHe B i nam'aTi, 0e31mocepe/IHbO BiI0OpakKaEThCs
Ha aucioiei. L mam'siTh Mae HaCTYITHUN aJApeCHHM MPOCTIP 1 BIIMOBIIHE BiTOOpakeHHS Ha
nucruiel ( auB. Tabmui 1.5 ).

Tobto, Te, mo 3amucane B DDRAM 3a anpecoro, Hampukian, 42h, Oyne
BimoOpaxatucs B Tperii mo3uilii Ha apyromy psnky auciuies. CGRAM (CGROM)
character generator RAM (ROM) nam'site 3Hakoreneparopa. Ilam'sTh 3HaKoTreHeparopa
po3niiena Ha CGRAM - nmocTymHa 11 3amUCy/9UTaHHS, CIOM MOJKHA 3QJIMTH 8 CBOIX
BiacHUX cUMBOJIIB 1 CGROM nocTynHa TUIbKY JJIs1 YUTaHHS.

Tabmmms 1.1 - Ctpykrypa PKI-gucrnero

Iepumn psaok

1T
0o3uIll S
K
ypcop y
Di
DRA

M 0Oh 1h 2h | 3h 4h 5h 6h 7h 8h %h Ah Bh Ch Dh Eh Fh
addre ss

JApyruii panok
I1
o3uni s
Peepy ol 1| 23| 4a]|5]6
D
DRA M

al| Oh | 1h | 2h | 3h | 4h [ 5h | 6h 7h 8h %h | Ah | Bh Ch Dh Eh Fh

ddress

1.3.3 Po6oTta 3 nporokosiom UART

UART (Universal Asynchronous Receiver Transmitter) npenctaBisie co0oro
VHIBEpCAILHUNA aCUHXPOHHUU MpuilomMoriepenaBad. BiH mpu3HadeHHW 7S TMOCTiTOBHOI
nepenayi naHuxX. ['0JI0OBHOIO 00JacTIO 3aCTOCYBaHHS AaCHHXPOHHOI Tepenadi JaHuX, SK
MpaBUIIo, € HE OOMIH TAaHUMHU B CKJIaJll CXeMH, a KOMYHIKaIlisl MK OJI0KaMH pO3JUICHUMH B
IPOCTOPI, SIK1 MAIOTh O3HAKU BJIACHOTO IHTENEKTY. [IpuKiagomM MoXke CIIy’KUTH 3B’ SI30K MK
MEPCOHATHPHIUM KOMIT FOTEPOM 1 MPHUHTEPOM, MOJEMOM, MPOrPaMYIOYMM IMPUCTPOEM abo
pericTpaTopoMm JIaHUX.

[Tpu acuHXpOHHIIA Mepenadl JaHUX TAKTOBHUM CUTHA HE MEPEAAEThCS HA BIIMIHY Bil
BUIMAJIKy CUHXPOHHOI MOCHIA0OBHOI mepeaaui manux uepe3 SPI mrepdeiic. Ile BucyBae
CTPOT1 BUMOT'H JIO PO3TOUTY IHTEPBAIIB Yacy B KaHAJIAX Mepenayi Ta mpuiomy.

VY HalnpocCTIoMy BUNIAAKY JJI1 KOMYHIKAIlli MDK IBOMA MPUCTPOSMH JOCHUTh MaTu
MpOCTE 3'€IHAHHS 3a JJOTIOMOTOI0 TPhOX JIHIM : Tepeaatoui it mpuiMarosbHi JiHi TX0 i Rx0,
a TaKOK JIHII 3a3EMJICHHS.
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B ctanmapti RS-232 Bu3HaueHi BUCOKHM 1 HU3bKUH piBeHb Hanpyru. byio npuifHsITO,
mo B HTepdeiici RS-232 O6ynyts nisitu mudposi piBHi +3 1 -3B (pucyHok 1.4). Hanpyru
Bullle 3B nmpuiiMaroTh 3a CUTHAJIM JIOTIMHOTO HYJS , @ OyAb- AKI Hampyru Hux4e -3B —
JoTTYHOI0 onmHMICI0. Hampyra B miama3oni Bim -3B g0 +3 BBaXKaeThCsl CHTHaIaMu 0e3

W L L

128 | | |

Pucynok 1.4 - Peanizanis inTepdericy RS-232 na ¢pisuuHOMY piBHI

[lo mpuuuHI BIICYTHOCTI CMHXpOHIB3ALI, fKa MOKa3ye MOYATOK 1 KIHELb KOKHOTO
OaitTy, 0alT JaHWX MPUXOJAUTHCS MOYMHATA CTOIOBUM 1 3aKiHYyBaTH CTapTOBHUM OiTaMw,
o0 MpuitManbHI IPUCTPOT MOTJIM PO3II3HABATH MOYATOK 1 KIHEIb Mepenadl 0auTy JaHux.
CrapToBuil OIT 3HAXOJMTHCA HA MOYATKy KOXKHOro Oaifry. B niHI mepenadi B pexumi
OYIKyBaHHS Ji€ BUCOKWH piBeHb Hampyru. [Ipum BuBOmI OaiiTa B JiHIl BCTAaHOBIIOETHCS
HU3BKUH pIBEHb. [HTEpBal CTAPTOBOTO CUTHAITY TaKH K y OiTa TaHMX.

BinnoBinHO 10 BU3HayeHHs cTaHaapty V.24, y niHii nepemadi JaHUX y CTaHi
OUIKyBaHHSl BCTaHOBJIEHMH piBeHb Jior. 1. Ilepemaua Moke Oytu moudara B OyJb-KUA
MOMEHT 4acy. Jlyis Toro mo06 mepeaaTy mpuiiMady MOBITOMJICHHS PO MOYATOK Mepesadi,
MMOCHIIAETHCS cTapTOBUi O1T 3 piBHEM JIoT.0. ITics mboro mepenaroThes po3psaan TaHuX (Y
OUIbIIOCTI BUNIAAKIB 7 a00 8, TXHE YHUCIIO 3yMOBIIIOETHCS B IPOTOKOJII NEpeiadl 1aHuX ), Ipu
[bOMY CTIOYATKY MePEAa€ThCs MOJIOAIININ 3HAYYIITUHN OIT.

Jyia miABUINIEHHS HAJIHHOCTI Mepeayi JTaHuX MoXe OyTH 1o1anui 01T mapHocTl. bir
MapHOCTI JOTTOBHIOE PO3PSIN JaHUX TAKMM YHHOM, IO JOCATAETHCS MpsMa MapHICTh (Cyma
BCiX OITiB, BKJIIOYAIO4M OIT MapHOCTI, mapHuii) abo HenmpsiMa mapHICTh (Cyma BCIX OITIB,
BKJIFOUArOUM OIT mapHoOCTi, HenapHa). HeoOxigHuil Bua nmapHOCTI (BIACYTHICTh, MpsiMa 4u
HemnpsiMa) TaKOXK TIOBUHEH OyTH BU3HAYCHUN y MPOTOKOJ TIepeadi JaHuX.

[lepenaua 3akiHUyeTHCS cTON-O01TOM 3 piBHEM JioT. 1. ITicns BigmpaBiaeHHS cTom-OiTa
JHISL JaHUX 3HOBY MEPEXOJUTh Y BUXIIHUN CTaH OYIKYBaHHS W TrOTOBa JI0 HACTYIHOL
nepenadi. Yacosa miarpama mepenadi Oaiita ESh (11100101b) 3 menmpsiMoro mapHicTiO i
cTomndiToM uepe3 iHTepdeiic Tumy V.24 nmokazaHa Ha pucyHKy 1.5.
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CrapToBbif Byt
Bur7 (MSB)
Bur yeTHoCTH

Bwr0 (LSB)
Cron-6ur

Bwr4
Bbwurs
Bwrg

(@RS

Bwr1
Fam
B3

Coknpoanue

Pucynox 1.5 - Yacosa giarpama nepenaui 0arita ESh (11100101b).

VY 3B'S13Ky 3 TUM, LIO TaKT JUIsl CUHXPOHI3alll Nepenayl He MepecusIaeThesl, IoYaToK
po3psAy Moxe OyTH pO3IMI3HAHO TUILKU MO0 BUMIPIOBAHHI Yacy, 110 MPOMIIOB 3 MOMEHTY
MOSIBY CTIaar0490ro ()poHTY cTapToBOro Oita. Came ToMy HEOOXITHO BU3HAYATH IIBUIKOCTI
nepenadi TaHux, skl € 00OB'SI3KOBUMHU I TEepelaBajibHOI ¥ MPUIIMar040oi CTOPOHU. Y
craugapTi RS232 noriyHa onunuils Ha3uBaeThes "mark”, mpu 1IbOMY PIBEHb CUTHATY Ha
aiii  (-5..-15B). Jloriunmit Hynp y craHgapti RS232 nHazuBaetbes "space", Homy
BiANOBIAAE piBeHb curHamy +5..+15B. ¥V BimcyTHOCTI mepenadl Ha JTiHII 3aBXKIW JIOTTIHA
oaunui. [Ipo moyaTok mepenadi JaHUX CUTHANIBYe cTapT Oir (JioriyHui Hynb). Kinerb
nepeaayi JaHuxX Mo3HA4YaeThes CTOI OITOM (JIOTIYHA OJTMHMUIIA ).

1.3.4  OcobauBocTi npotoxoay SP|

[Mocninouuii nepudepivinmii  iHTepdeiic (Serial Peripheral Interface - SPI)
3a0e3meuye BHUCOKOIIBUAKICHUN CHHXPOHHHN OOMIH JaHUMH MDK MIKpOKOHTPOJIEPOM 1
nepudepITHIMEU TIPUCTPOSIMH, a TAKOK MDK JIEKUTbKOMa MIKPOKOHTPOJIEpaMHU.

B SPI pexxnuMi MOKITMBI OJTHOYACHUN CUHXPOHHUI NPUIOM 1 Tiepeaya 8- po3psTHUX
TaHUX.

Pexum Benydoro SPI. Benyuuit Moske HiianzyBaTH nepeaavy 1aHuX y Oyab- SKUi
MOMEHT, OCKUIbKM BIH T'€HEpYy€ TAaKTOBHM CHWTHAJ, 1 BU3HA4Ya€, KOJM BEIACHUN IMOBUHEH
nepeaaTy 1adi BIAMOBITHO 0 BUKOPHCTOBYBAHOT'O MTPOTOKOJTY.

VY pexuMi Beaydoro jJaHi nepegaroTbCs/IpUNHATI MICs IXHBOTO 3alUCy/dUTaHHS 3
perictpa SSPBUF. Sxmio B SPI pexxumi motpibHO Tutbku npuitmaru aai, BuBin SDO Moxke
Oytu 3abmokoBaHni (HacTpoeHui Sk BXim). Jladi 3 BuBoay SDI mocaimoBHO 3CyBarOThHCS B
perictp SSPSR 3 BcTaHOBNeHOO MBUIKICTIO. KOXXHUN NpUiiHATHN OalT 3aBaHTaXYETHCSA B
perictp SSPBUF (sk HOpManbHO OTpuMaHuii 0aiiT) 3 ¢GopMyBaHHSIM IepepuUBaHb 1
BIUIMBOM Ha BiANOBIAHI O6itu ctarycy. g dyHkiis Moxxke OyTH KOpUCHA MpU peaizallii
"MOHITOpA IIIMHA".

byap-ska HeOakaHa GyHKINS TOCIIIOBHOTO TMOpTa MOXE OyTH BHUKIIOYECHA,
HAJAITOBYIOYH BIAMOBIMHI Otk pericTpiB HanpsMky manmx TRIS. Hanpukman, skmo B
pexumi Beaydoro SPI BUKOHYyeThCS TUTbKH Nepeaada qanux, To BuBoau SDI it -SS MoxyThb
BUKOPHUCTOBYBATHUCS SIK IIU(POBI BUXOAH, CKMHYBIIM BinmoBinHi 6itu TRIS B'0'.
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1.3.5 Po6oTa 3 npotoxkosom 12C

DS1307 mninrpumye oOMIH JaHuMu 1o npotokosny [2C mo aBOmpoBimHIN
JIBOHaMpaBjcHid mmmHI. [IpucTpiid, SkWi Tepemae MaHi Ha IIMHY, € TepeaaBadeM, a
MPUCTPIA, TMPUUMAIOYMIN M1aHi, - BIANOBIAHO NpuiiMadeM. Benyuwii TpHCTpid TEHEpYye
cunxpoimmyiscH (serial clock - SCL), kepye noctynom o mmnHu i reepye ymoBu START
1 STOP. DS1307 npaitoe Ha mMH1 K BeAeHUM nNpucTpid. Tumnosa koHQIrypauis MIUHA 3
BUKOPHUCTaHHAM NpoTokoiIy [2C HaBeneHa Ha pUCYHKY 1.6.

Vee
Rp Rp
SDA . 'Y
ITuna 12C
scL
Mixkpo- [ammii
KOHTpOIep D51307 IIPHUCTPIN

Pucynok 1.6 - Tunosa xoudirypartis qeonposinuoi mmau (12C)

DS1307 na mocmiimoBHIM HIMHI Mpalioe sIK BeACHUA NpUCTpid. JlocTym A0 HBOTO
311MCHIOETBCA BcTaHOBIEHHSIM YMOBU START 1 nepenauero npuctporo iaeHTudIKaiiiHoro
KOJly, HICIISl IKOTO MEPENaeThes aapeca perictpy. /1o HacTynmHOro 3a oOpaHUM pericTpoM
JOCTYTI 3MIHCHIOETHCS TTOCTITOBHO, TIOKK HEe Oye BukoHana ymoa STOP.

Hwxde ommcaHo mporec mepemadl MaHWX IO JBOMPOBImHIA mmHL OCHOBHI
MPUHIUIN nepenadi faHux no muHi [2C:

) nepeaadya JaHUX MOXke OyTH iHIil1H0OBaHa TUTLKH TO1, KOJIM IIIMHA BUIHHA,

) mig Jac mepenadi gadi Ha JiHIT SDA MOXyTh 3MIHIOBaTUCH TUTBKH TO/II,
ko Ha mHI SCL HU3bKWW PIBEHB, IHAKIIE - 3MIHA JAHUX IHTEPIPETYBATUMETHCS, SK
CHUTHAJT KEPyBaHHS.

TakuM 9MHOM, MOKJIMBI HACTYITHI CTAHU [ITHHH:

. «I1luna =e 3aitHaTa» —Ha niHiIX SDA 1 SCL 30epiraeTbcsi BUCOKUMN pIBEHb;

. «Ilouatox mepenaudi manux» (ymoBa START) —3mina crany siHil SDA
3BHUCOKOTO PIBHS HAa HU3bKUM, y TOM yac sk Ha miHil SCL BUCOKMI pIBEHB;

. «3aBepieHHs nepenadi gaaux» (ymosa STOP) —3wmina ctany amHi SDA 3
HU3BKOTO PIBHS Ha BUCOKHWH, B TOM Yac sik Ha JiHii SCL BUCOKUI piBEHb;

J «KopexktHi nani» — cran mHi SDA siBiisie cO0010 KOPEKTHI JAaHi, SKILIO MICHs

ymoBu START crtan mHii SDA He MIiHS€TbCS Ha MPOTA31 BUCOKOTO PIBHS TAKTOBOTO
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curHaiy. Jlani Ha JIiHII TOBHHHI MIHATHCS BIPOAOBXK IEPIOy HU3BKOTO PIBHS TaKTOBOTO
curdainy. Ha onun OiT qaHUX MPUXOAUTHCS OAWH TAaKTOBUH IMITYJIbC;

J «IlinTBEpAKEHHSI» — KOXKEH aJpecOBaHUM NpUMalOUMid  OPUCTPId
3000B‘3aHUN TE€HEPYBATU MIATBEPIKEHHS IMICJIA NPUMOMY KOXHOro Oaiity. Benmyuwuii
MPUCTPiA 3000B‘A3aHUN TE€HEPYBATH JOJATKOBHM TAKTOBUU IMIYJBC, SKAW MPH3HAYCHUN
TS O1Ta MATBEP HKCHHS.

Koxna mnepenaua nanux HiroeTbcs: yMOBOHO START 1 3aBepuiyeTbcsi yMOBOO
STOP. Kumbkicte OaiiTiB manux, mo nepenatotscsi MbKk ymMoBamu START 1 STOP, ne
oOMEXeHa 1 BU3HAYAETHCS BEIYyYMM MpHUCTpoeM. [Hopmaris mepemaeTses moOdanToBo, i
KOXKHUN OalT mpuiimMad miaTBepkye neB‘situm Orrom (Ot migTBepmkeHHs - ACK). B
crenudikaiii JBOX MPOBITHOTO IHTep(delcy BU3HAYEH! 3BUYAMHUNA PEKUM (C TaKTOBOIO
gactoToro 100 k['m) i mBuakuii pexxuM (¢ TaktoBoro gactoToro 400 kI'm). DS1307 npairroe
TUIBKH B 3BUgaitHOMY pekumi (100 kI').

J R/-W — 6it untanns/3amuc abo OiT HarpsMy nepenadi

1 r
i [ - = : :
soA |\ XXX XXX /.
[ \ TP -"\,ﬂl;E; T ! 1
1 | 1
L * BEJOMOTO > - C
: ' HAMPABIEHUA CHMHAR :
: R NOATEEFKIEHNA
Lo - OT MPMENHMIA |
. CHIHAR oo
o MOOTBEPXIEHNA oo
' ' OT MPHENHIEA ! '
1 1 | 1
i |
|
. ACK ACK L
YCNOBME YCNOBME STOR
MOETOPAETCH, ECIA WM MOBTOPEHKE
START % NEPENAETCH BONBLUEE » YCIOBWA START
KONMYECTED BAMTOR

Pucynok 1.7 - Ilepenaya nanux mno napoxHanpassieHi mmHi (12C)

JIis migTBepKEHHS MPUHOMY MPHUCTPIA Ma€e MIATATHYTH O HU3BKOTO PIBHS JIHIIO
SDA ming 9ac TakTOBOTO IMIyJbCy TaKMM 4YWHOM, 100 Ha miHii SDA 3anmmraBcs
cTaOUIbHUI HU3bKUI PIBEHbD.

B 3anexxHocTi Bif cTany Oita R/-W MoITHBI IBa TUIIM TIepeaadi JaHUX:

. nepefada JaHUX BT BEAy4Oro IepelaBaya 0 BEIEHOro TNpuiimaua.
(ITepummit GaliT, SIKM TEPEHAETHCA BEAYIHUM, - M€ aJpeca BEACHOTO MPHCTPOIO, 3 SKUM
311MCHIOBAaTUMETbCS 0OMIH 1H(popmaitiero. Jlaii nepenaroTbest 0e3mocepenHbo OalTh JaHMX.
Benenuii moBeprae OIT MIATBEPAXKEHHS MICHS KOXHOrO NpuiHATOro Oaity. Jlani
TIepeIar0ThCsl, MOYMHAKOYH 3 cTapiioro Oira (most significant bit - MSB);

) JaHl TIepealoThCs BT BEACHOrO IepefaBada J0 BEIy4YOoro mnpuimMada.
(ITepumit  OaiiT (ampec BEACHOTO) TEpPEIacThC BeAydMM. Benenuidt moBeptae OiT
MIITBEP/KEHHS, a 3a HUM INEBHY KUIbKICTh OailTiB ganux. Benmyuwii moBeprae Oir
MIITBEPKEHHS MICISA BCIX NMPUMHATHX OalTIB, KPIM OCTaHHBOTO. B KIHIII OCTaHHBOTO
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npuiHATOTO Oaity moBepTacThess "He mimTBepmkeHO" (NACK). Bemyuwii mpuctpii
reHepye BCl MOCIIAOBHI CHUHXpoiMITylbcH, a Takox ymoBu START 1 STOP. Ilepenaua
3aBepuryetbcsi yMOBOO STOP abo moBropom ymoBu START. Tak sk MOBTOp YMOBU
START Tako € mo4aTkoM HacTYITHOI MOCJIIOBHOI Mepeadi, TO B TAKOMY BHUITAIKY IIIMHA
HEe BUBUTLHAETHCS. JlaH1 mepeaaroThCsl, IOYMHAIOYHN 3 CTAPITIOTO OITY).

DS1307 moxe mparttoBaTi B HACTYITHHUX JIBOX PEKUMAX:

. pexuMm BeneHoro mnpwuiiMada(pexxum 3anucy DS1307);pexxum Bemydoro
nepeaaBaya (pexxuM untanas DS1307).

Y pexumi BeAeHOTO MNpuiiMada TOCTIOBHI JaHl NpuiMarThess 1o SDA i1
cunxpouiytotrbcsi no SCL. Ilicna KoXHOTO mpuiiHATOrOo OalTy mnepefaeTrbcs Oir
ninTBepkeHs. YMoBu START 1 STOP po3niBHaloThCs K MOYATOK 1 KIHEIb MOCJI1IOBHOI
nepenadi. Po3ni3HaBaHHS afgpecy BUKOHYETHCS araparHo MICs MPHUHOMY apecH BeIEHOTO
101Ta HanpsAMYy Tiepenadi (IuB. pucyHok 1.8).

<Agpec gegomaro> <RAN= <Cnoso agpeca (n)= <[lanHiie (n)= <[JaHHkg (n+1)= <[anmuie (n+X)=

S 1101000 | 0 | A | XXO0000K | A | XO00OXXX | A | XOOKKXX | A | XOOUXXX | A | P

Aapec = D0h {f
)y

MNepegasaemsie JaHHwe
S-ycnosve START A - nogteepwaenve P - ycnosue STOP (X+1 Gaithon + NOATRECHAEHNE)

Pucynok 1.8- Pexxum Benernoro npuiiMaua(pexum 3anucy DS1307).

VY pexumi Beaydoro mnepeaaBada (pexxkum uwutaHHs DS1307) nepumit  GaiT
NPUIMAETHCS 1 OMPAIbOBYETHCSI TaK caMo, SIK 1 B PEXKUMI BEIEHOTO MpuiiMava. Aje B
JAaHOMY peXuMi OIT HampsiMy OyAe BKa3yBaTH, IO HampsiM Iepenadi MpOTHICKHUM.
DS1307 nmepenae nocinoBHi gadi mo mHi SDA noku Ha miHir0o SCL HagxoasTh MOCTiI0BHI
iMoysscu. YMoBu START 1 STOP posmizHaroThes B MOYaTKy 1 B KIHII MOCTITOBHOT
nepenadi (AuB. pucyHok 1.9).

<Anpec seomaro= <RAN> <[lakHee (n)= <[lauble [n+1)= <[larHsie (n+2)> <[lakHele (n+X)>

S 1101000 | 1 | A [ XOOXXXX | A | XXXXXXXX | A [ XXXXXXXX [ A | XXXXXXXX [ A | P

Agpec =D1h ){ J{
MepesaBaemue AankLle
S - ycnoswe START P - ycnosue STOP {X+1 BaiiTos + noaTEEpKACHNE)

2 4 i Mpumedante: nocnegrui SaiT fanHbx
A - NOATBEPKAGHUE A -"HENOATBEPKAEHUE CONPOBRCXAAETCA "HenogTeepKaeHHem” ( A |

Pucynok 1.9 -Pexxum Benydoro nepenabaya (pexxum untanas DS1307)

baiit anpecu—mnepmii 6aiit, skui npuitmaeThes micas ymoBu START, renepyerses
BeyuyuM npuctpoeM. bailt agpecu ¢popmyerscs 3 7-061THOT agpecu DS1307, sika Biznosigae
nocaigoBHocTi 1101000, 1 HacTynHOTO OrTa Hanpsmy nepenadi (R/-W), axuit 1 yutaHHs
piBHU 1. [licna npuitomy 1 nekogyBaHHs OaiiTa agpecH, IPUCTPId BUIAE TIITBEPIKEHHS
Ha mHi0 SDA.
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2 MPOEKTYBAHHS EJEKTPUYHOI IPUHIMIIOBOI CXEMHU
2.1 Po3podka cxeMu eJIeKTPUYHOI MPHUHIIUIIOBOT MiKPOKOHTpOJIEpa

VY mporueci mpoekTyBaHHS OyAb-SKOr0 TMPHUCTPOI0, (PopMyeThcsi HAOIP TEXHIYHOI
JOKYMEHTAllll M0 I[bOMYy NPHUCTPOI0. B TeXHIUHIN MOKyMEHTallil ONMUCYEThCS TapaMeTpH,
poboTa TPHUCTPOIO, HEOOXIMHI sl BUTOTOBJICHHS KOMIIOHEHTH Ta METOJHM 1 3acoou
HaJIaroJKeHHS (PYHKITIOHATBHUX MOJIMBOCTEH MPOEKTOBAHOTO MPUCTPOIO.

OnHMM 13 HAMBAXJIMBIIIUX PO3JUTIB TEXHIYHOI JOKYMEHTAIl SIBISETHCS IOIAHHS
ENIEKTPUYHOI MPUHIIUIIOBOT CXEMH MPOEKTOBAHOTO MPUCTPOIO.

EnextpuuHa npuHUMIIOBA cxeMa — L€ rpadiuHe 300pakeHHs Oyl0BU NPHUCTPOIO Ha
¢BuuHOMY piBHL JlaHa cxema BigoOpakae KUIbKICTh Ta THI BHUKOPHCTOBYBAaHUX VY
MIPUCTPOi KOMITIOHEHTIB (PaIOTEXHIYHUX €JIEMEHTIB, MIKpOCcXeM, HTepPEHCHUX PO3‘EMIB,
TOILO...) Ta X B3a€MOJF0 OAWH 3 OJHUM. [liKIIOYEHHS KOMIIOHEHTIB CXEMHU OJUH J0
OJTHOTO Bi1OOpaXaeThCs JMHIIMU. 3TITHO LI€I CXEMHU BiIOYBA€ETHCS PO3BENIEHHS JOPLKOK Ha
IIaTi y BIAMOBIAHOCTI A0 JIHIM MigKIIOYEHHS, 300paKEHUX Ha CXEMi, Ta MOHTaX 1 TMaika
CJIEMEHTIB TPOEKTOBAHOTO TIPUCTPOIO0. YCI €JeMEeHTH, 300pakeHI Ha eJEeKTPUYHI
MPUHIMUIOBIN cXeMi, NINMUCYThes 3TigHo BuMor JICTYVY.

XKonen emekTpuyHUil TPUCTPIA HE MOXKE TMpaioBatd 0e€3 JKepena HampyrH
x)uBJieHHs. [IpucTpoi, mo nmoOyaoBaHi Ha OCHOBI MIKpOKOHTPOJIEpA, 11 MU(GPOBI MPHUCTPOI.
Jliana3oH Hampyru >KUMBIEHHS JJIs1 TaKUX MPUCTPOiB ckiagae Big 1.5 mo 5.5B, a ctpym -
nocTiHuiA. Jlnis migkmodeHHs mudpoBUX TPUCTPOiB 10 Mepexi 220B BUKOPUCTOBYIOTHCS
TpaHCcPOpMATOpHI, IMIYJIbCHI, KOHIEHCATOpHI OJOKM >KUBJIEHHS Towlo... Jlo ckiamy
HaWTIPOCTINIOT CXEMH BXOASATh: TOHWXKYHOUHN TpaHcpopmaTop, TIOAHUH  MICT,
CNICKTPOJIITHYH1 KOHJIECHCATOPH Ta MIKpocxeMma ctadimzaiii (quB. pucyHok 2.1).

Trl
Eg VDAl DD1
~220V Et 17305 F+—

Pucynok 2.1- Cxema ctabuti3allii >KUBJICHHS [ U(PPOBUX MPUCTPOIB HA OCHOBI
MIKpOKOHTPOJIEPIB

KmouoBuM enemeHtoM B aaHiil cxemi € crabuiBarop L7805. Icnye nBa Bugu
crabizaropa 7805: 3 cTpyMOM HaBaHTakeHHS 10 1A 1 MmanonoTyxHuil 78L0S 3 ctpymom

HaBaHtaxeHHs 10 0,1A. Kpim Hux € npombkauii Bapiant 7/8MO05 3 cTpyMOM HaBaHTa)KEHHS
1o 0,5A.
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€wmuicte C1 Ha BXo1 cTabuTi3aTopa HeOOXigHA JJIs 3TJIaJ)KEHHS BUCOKOYACTOTHHUX
3aBajJ TNpU mnoAadi BXigHOi Hampyru. €muicte C2 Ha BuXOAl crabui3zaropa 3ajae
CTaOUIbHICTh HAPYTW NP PI3KIA 3MIHI CTPYMY HABAHTA)XKEHHS, a TAKOX CYTTEBO 3HMIKYE
aMIUTITYAy mynbcaiid. J{ims Woro HopMaiapbHOI poOOTH Hampyra Ha BXOJ1 MMOBHHHA OyTH y
manaszoni 10-20 B.

Jns  ¢opMyBaHHS Hampyrd TakoTO PpIBHA BHUKOPHCTOBYETHCS  OJHO(DazHUI
Tpancopmarop Ta miogHuil mict. Jlns Toro, moo C(bopMyBaTH HEOOXITHI YMOBHU I
po6ot MKC HeoOXimHO TiepeadaanTh HKEPENo IMITYIIbCIB CHHXPOHI3AIIII.

B wmikpokonTponepax cimeiictBa PIC16 mepen0OaueHo Jgekuibka THIIB T'€HEPaTOPIB.
Jis PIC16 xopuctyBau Moke 3amporpamyBatd aBa koH¢irypauminux Omu (FOSCI 1
FOSCO) nnsa Bubopy oaHoro 3 uotnphox pekumis: RC, LP, XT, HS., ne:

RC — reneparop na RC-nanij;

XT — cTaHnapTHUM KBapIIOBUM T€HEPATOP;

HS — BuCOKOYacTOTHUI KBAPIIOBHIA T€HEPATOP;

LP — Hu3bKOYACTOTHHI Masiol MOTY>KHOCTI T€HEPaTop.

B pexmmax XT, LP 1 HS nmo BuBomis OSCI/CLKIN i OSC2/CLKOUT
MIKTI0YAETHCS KBapIIOBHM a00 KEpaMIdHUN pE30HATOP.

DD1
— " RrA2 RA1T S
— 21RA3 RAO 17— z1 C1
—3lrA4  osc1e T,
—41rRAS osc2H2— % MHz
= »
Y vdd |4 Cc2
17

PucyHok 2.2 - Cxema TakTyBaHHSI MIKPOKOHTpOJIepa

JUis TOKITIOYEHHST pEe30HaTopa BUKOPUCTOBYETHCS TUIIOBA CXEeMa BHUPOOHHMKA.
€MHICTh KOHAEHCATOPIB MOBMHHA OyTH B HTepBadl Bin 15 mo 22 nd, oauH BUBII SKUX
MIIKIII0YAETHCA JO PE30HATOPA, a IHILUHI 10 3eMJIL

VY npuctpoiB, noOyJ0BaHUX HA OCHOBI MIKPOKOHTPOJIEPIB MependoaueHnii MexaHi3M
amapaTtHoro peceryBaHHA. Y MikpokoHTpoJsiepiB PIC16 BuBin, mo NpW3HAYCHWH IS
pydHoro mnepe3anycky HasuBaethbcss /MCLR. AxTuBHMI curHam IUIs CKUJAHHA — IIe
curnai joriyHoro 0, mo noaaerscs Ha BXit /MCLR npu HatuckanHi KHOTKU S1.

Jia 3miaM iporpaMHoro 3ade3neueHdss MK BukopucTtoByeThes po3‘em ICSP. [lanwmii
po3‘e€M, K 1 OJHOIMEHHHM IMPOTOKOJ OOMIHYy, JO3BOJIIE 3MIHIOBAaTH po0OO0Ul MmapaMerpu
MIKPOKOHTpoJjiepa 0e3 BIIIydeHHs Horo 13 npuctpoto. [Ipu nmpommBanHi MIKpOKOHTpOJIEpa
Ha HDKKY /MCLR nonaetbest curnan piBHeMm 15B. Jlanuii curHan no3HaudeHo Ha po3‘eMi sIK
Vpp. 3aait0€eThest MEXaH3BMY TOCTYITY J0 TaM‘ ATi MIKpOKOHTpoJiepa. JlaHi mepemnaroThCs mo
niHil Data ma BuBim PGD wMikpokonTposepa, npu mpomy 3 miHil Clock po3‘emy ISCP
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MOCTyNae CurHal TakTyBaHHs. Jlanuii curHan npuiimaerscsi BuBojgomM PGC
MIKpOKOHTpOJIEpa, Ta BIINOBiIAa€ 3a KOPEKTHUH 3amuc MpOrpamMu y MIKPOKOHTPOJEP.
Curnamu Vss 1 Vdd 3a0e3neuyroTh cTaHIapTHY HANPYTy KUBJICHHA JJIs1 MIKPOKOHTPOJIEpA
piBHeM +5B.

Ha enexTpuuHiii NpUHIMIOBIA cXeMl MOKa3aHO SIK B3a€MOJIIOTH PI3HI BY3JIM MIK
c000I0 Ta AKI KOMIIOHEHTH BHUKOPUCTOBYIOTbCS NI MOOYIOBU MPOEKTOBAHOTO MPHUCTPOIO.
3rifHO BB LIEI0 CXEMOI0 Y MOAATbIIOMY (POPMYBATUMETHCS PUHIUI POOOTH YCIET CUCTEMH
Ta AMOPUTM (PYHKITIOHYBAHHS MIKpOKOHTPOJIEPa, IK OCHOBHOTO By3Jia KEpyBaHHSI.

[IpucTtpoi BBeAEHHS/BUBEIEHHS — 1€ PBHOTO poay mnepudepiiitHi MOy, SKi
MIKTIOYAIOTECS 10 (DYHKIIOHATLHO 3aBEPIIECHOTO TMPUCTPOIO JIJIi KEPYBaHHS POOOTOIO
LbOrO MPUCTPOIO Ta OTPMMaHHA H(opMallii PO BUKOHYBaHI HUM (yHkuii. Hanpuknan,
st T[IK TakuMu TIpUCTposIMH € KilaBiaTypa, MHINKa (MPHCTPOI BBEACHHS) Ta MOHITOD i
npuHTep (MPUCTPOT BUBEIICHHS).

J1J1s1 MIKpOKOHTPOJIEPHUX CUCTEM HOMEHKJIATypa MPUCTPOIB BBEACHHS Y BUBEIICHHS
nemo Hua. [IpucTposmu BBOAY KpIM KiaBlaTypu (KJIaBlaTypHOI MaTpull) MOXKYTb Oyau
PI3HI JTaTYWKH — TeEIUIa, BOJIOTOCTI, 3arazoBaHocTi, IY-marumkm, Tomo... B cBoro uepry
MIPUCTPOT BUBOJY TaKOXK He oOMexyroTbcs MoHiTopoM. It MKC ne, — sk mpaBuio, —
3HakocuMBOJIbHI 200 rpaduni PKI, CCI, akyctuuHi enementu (61inepu, TMHAMIKH), HaBIb
3BUYAaiTH1 CBITJIO IO .

HaiimpocTinni 13 mux MpUCTPOiB BBEICHHS/BUBEACHHS IHTETPYIOTHCS B TPHUCTPIN Ta
MIKTIOYAIOTECS  0e3MocepeHh0 /0 TOPTIB MIKPOKOHTpOJIepa, MpOTe € 1 Taki, s
MIKTIOYEHHS SIKUX BUKOPUCTOBYIOTHCS IHTEPPEICHI pO3‘ €MHU.

[nrepdeiic — y MIKPOKOHTPOJIEpHIA TeXHIU1 — 1€ Hallp MPOBIIHMKIB, K1
BUKOPUCTOBYIOTBCSL JUJII  MIAKIIOUEHHS 30BHIIIHBOIO MPUCTPOIO BBOIY/BUBOAY Ta
3a0e3MeuyroTh peaiaiBallilo MPOTOKOIYy Iepenadl gaHux. Sk mpaBuio, Takl TPYIH
MPOBITHUKIB OO‘€AHIOIOTECA B MEXKax OAHOro po3‘emy. Hampuknan, nns 30BHINIHIX
npuctpoiB, skl npamorote 1o USART/RS-232 mportokony, rpyna NpOBIIHMKIB, sKa
3a0e3meuye 3B 30K 13 MIKPOKOHTPOJIEPOM OCHOBHOTO IPHUCTPOIO MO ILOMY ITPOTOKOJIY
00°‘enHIOETHCA Y po3‘eM Ty D-SUBO.

HaBeneHna enexTpuyHa MpUHIMIIOBA CXeMa MpaIoe HacTymHUM yruHOM. [Ticist momaui
KHUBJICHHSI MIKPOKOHTPOJIEP MOKPOKOBO BUKOHYE TpOrpamy, IO 3aKjajeHa y Moro mam'stb
nporpam. Ilepmmm eTanom € iHimiami3ailis TOPTIB MIKPOKOHTpOJIepa Ta HOro BOYIOBaHUX
MOJTIyJTIB. AKTUBY€ETHCS IHTEP(EHC 3B'SI3KYy Ta BUKOHYETHCS OOMIH JaHUMHU.



v it +SB,
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TEMIIEpaTypH

Tabmuns 2.1 — Tlepernik e1eMeHTIB eIeKTPUIHOI MPUHITMIIOBOT CXEMH

Pucynok 2.3 - EnekrpruyHa npuHIUNoBa cxemMa poootu CucTeMu KOHTPOJIIO

N [I/IT |Ha3Ba enemeHTa [lo3HaueHHs Howminan

1 Tpanchopmarop TR1 220B

2 J1i0 HUI MICT VDS1 D13A4

3 Perynarop Hanpyru DD1 7805

4 KBapieBi pezoHatopu /1,72 4AMI 1

5 Konaencatopu Cl1,C2,C3,C4 |15nD

6 Konaencatop C5 100MxD

7 Konnencarop Co6 10MKD

3 Pe3uctopu R1,R2, R3, R6 |10xkOmMm

9 PesucTopu R4, R5 5kOm

10 MIKpOKOHTpOJIEPU DD2,DD3 PIC16F876,
PIC16F884

11 [{udpoBuit TepmomaBad IC1 T74

12 2-psiaxoBuii PKI LCD LMO16L

13 KHomka-nepemukay S1,S2,S3,54 SK1-53

14 Pene Rell 12B

15 ['eHEpaTOp CHHYCOTHUX CUTHAIIB Genl 1T

16 Jlamria Lal 12B
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2.2 CrBopeHHs npoekTy B cepenoumi PROTEUS VSM

butbricTh panioaMaTopiB CTUKAIMCS 13 CHUTYaIli€l0, KOJU 3a OpakoM JOCBILy 4Yu
MIPUCYTHICTh TIOMHIJIOK y cXeMi a00 K 3a IHIMMMH 00CTaBUHAMH, TICYBAJIM PaJli0CICKTPOHH1
KOMITOHECHTH.

3'1Buacsi BENWYE3HA KUIBKICTh MPOrpaM CUMYJSTOPIB, IO 3aMIHIOIOTH pPeallbHI
pagioneTani W nOpuigand, BIPTyalbHUMH MojeasiMU. CHUMYISTOPU JO3BOJIAKOTH, 0€3
30MpaHHs peaTbHOTO MPHUCTPOIO, HATATOJUTH POOOTY CXEMH, 3HAWTH MOMIIKH, OTPHUMaH1
Ha CTajil MPOEKTYBaHHsI, 3HATH HEOOXITHI XapaKTEPUCTUKH i Oararo yoro iHmoro. OfHiero
3 Takux nporpam € PROTEUS VSM.

Proteus VSM cknanaetsbest 13 1Box camocTiiHux niporpam ISIS ta ARES. ARES 1e
TpaCHPYBAJILHHUK JPYKOBAaHUX TUIAT 3 MOJKJIMBICTIO CTBOPEHHS CBOiX O10JI0TEK. 3amyck
nporpaMu BinOyBaeTrhes 3 MeHto Ilyck — Ilporpamu - Proteus 7 Professional - ISIS 7
Professional. Ilpu 3amycky mnporpamu 3'sBISIETBCS OCHOBHE BIKHO mporpamu ISIS 7
Professional.

Hait6inpmmii mpocTip BimBeaeHui min BikHO peaaryBanas EDIT WINDOW. Came B
HbOMY BI1IOYBAIOTBCSI BC1 OCHOBHI MPOIIECH CTBOPEHHS, peIaryBaHHS W HalaroJKCHHs
cxeMHu mpuctporo. JIIBopyd yropi MaieHbke BIKHO HONEpeaHboro meperysiay Overview
Window 3 #0Oro JI0mOMOIror0 MOKHA MEPEMIIIyBaTUCA MO BIKHY pelaryBaHHs (KiIalawdu
JBOIO KHOIIKOIO MHUIIIN TI0 BIKHY IOIEPEIHBOTO MEPEriisiTy, MOKHA TepEeMIITyBaTH BIKHO
peaaryBaHHs 32 CXEMOIO, SIKIIO 3BUYAWHO CXeMa HEe BMIIIAEThCs Yy BIKHO). [lepemilryBaru
BIKHO pE€JaryBaHHS 3a CXEMOIO MOXHa Ie yTpumyrouu HatucHytoi kHomky SHIFT Ta
pyXalouud KypcopoM MUl MO BIKHY peaaryBaHHs. HaOmmkyBatu U BiIIalaTd CXeMy Yy
BikH1 MokHa kHOmKamu F6 # F7 abo x kxonecom mwmmi, F5 meHTpye cxemy y BikHI, a
HaTuckaHHs F8 minranse po3Mip cXeMu Mif-BIKHO pelaryBaHHS.

TER AR S0 e Gal T E@EE. v 5 =
;: (I08 cooces |
-~
=
o) o * [ | ®» 1w ] =] noorsseri 200 <600 =
Pucynok 2.4 - OcHoBHe BikHO Tporpamu ISIS 7 Professional i BikHO momniepenHporo
neperisiy.

[lin BikHOM momnepegHbOro mneperyany 3Haxoautsess Object Selector - cmnmcok
oOpaHuX y 11el MOMEHT KOMIIOHEHTIB, CHMBOJIIB 1 IHIIMX €JeMEeHTIB. Buainenuii y crucky
00'eKT BITOOPAXKAETHCS Y BIKHI MOTIEPETHHOTO TIEPETIISTY.

Bci moxiuBi QyHKIi Ta iHCTpyMeHTH Proteus VSM noctymnHi uepe3 rojoBHE MEHIO,
yepe3 MIKTOrpaMu Kl 3HAXOAATHCS il MEHIO 1y JIBOMY KyT1 OCHOBHOTO BIKHA Ta 4€pe3
raps4i KJaBii, iK1 MOXKYTh NIepenpu3HauyBaTHCs KOPUCTyBadeM. BHU3Yy OCHOBHOrO BIKHA
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pO3TaIlOBaHl: KHOMKH OOEpTaHHS Ta PO3BOPOTY O0'€KTa HABKOJIO CBO€EI OCl, IaHEIb
KEpYyBaHHS IHTEPAKTUBHOKO CUMYJIAIIEIO - BUIJISAAE K MarHirodoHHa 1 QYHKIl Taki x:
I[TYCK , IIOKPOKOBHWHA PEXHUM, TTAY3A,CTOIL

ke ol & " o ]

COF w»t [l ul m] soorssen W0 400 &

Pucynox 2.5 - [lanens kepyBaHHS IHTEPAKTUBHOIO CUMYJMIIIETO.

Cepenosuiie PROTEUS mae Bennue3Hy 010110TEKY €IEKTPOHHUX KOMIIOHEHTIB. Bcl
efeMeHTH mnepeOyBatoTh y 0i0moTeni komrnoHeHTiB. 11lo6 no Hei moTpanmuty moTpiOHO
nepeiti B pexkuM COMPONENT (kOMTIOHEHTH), HATUCHYBIIM BIANOBINHY MIKTOrpamy P
(Pick devices) abo nBivi KIalHYBIIM JIBOIO KHOMKOIO B 1MOJii BUOOpY KoMmnoHeHTB Object
Selector.

KommnonenTs MoO’XHAa BHOUpaTd TIO KaTeropisx, Ta Yy CHOHUCKY. 300pakeHHs
KOMITOHEHTA 3'IBUTHUCS y BIKHI omniepeanboro neperisay. 11100 po3MicTuTH KOMIOHEHT Ha
poOouoMy MO NOTPIOHO HABECTHM KypcOp MHUIl Ha MOTPIOHE MiCLE 1 KIALHYTH JIBOIO
kHonKO muiil. IIlo6 3’eaHaTy BUBOJM KOMIIOHEHTIB MPOBIIHUKOM MOTPIOHO MIIBECTH
KypCcop MHMII IO BHUBOJAY KOMIIOHEHTA, IICJII MOSBH HA BHUBOJI KOMIIOHEHTA XPECTHKA
MOTPIOHO KIIAIHYTH JIIBOIO KHOMKOK MMIII 1 MIABECTH KypCOp MHUII A0 BHUBOIY IHIIOTO
KOMIIOHEHTA.

== Pick Devices
Macra Peaynerars: (625]) NpocaaoTp Cretasr
[ YcrposeTeo | BuSmorexa | Orucassse A RE00 HE BLIOPAHO AN MPOCHIOT
Caceo usmioed 555 ANALOG Timer/Osclato
T 00 MOAE MMPYErBE 7555 AMNALOG CMOS Timer/Oscilator
7805 ANALOG 5V Fiwad 18 Positive Power Supply Regulator
7806 ANALDG BV Ficed 14 Positive Powe: Supply Regulator P8 Mpacwatp
7808 ANALOG BY Fuced 1A Positive Powe: Supply Regulston
7808 ANALOG 9V Freed 1A, Positive Powes Supply Regulator
7810 AMNALOG 10V Fized 14 Positive Power Supply Regulat:
7812 ANALOG T2V Fixed 14 Positive Power Supply Regulat
EMOS 4000 saiies 7815 ANALDG 15V Fixed 14 Positive Power Supply Regulat ( & \]
Connectors 7618 ANALOG 18V Fixed 1A Positive Power Supply Regulat: 4
Laplace Primitives 76124 ANALOG 24Y Fixed 100mé Positive Power Supply Reg | L
mechaniccs' 78540 AMALOG 1.5A4 Universal Switching Reguiator Subsyste e
Mmocéw ICs 7905 ANALOG 5V Fixed 14 Negative Power Supply Regulat
M::celaneo:.ts 7906 ANALOG BV Frced 14 Negu_iwe Power Supply Regulat
Modeling Prenives 7308 ANALOG 8 Fived 1A Negstive Powet Supply Regulat: s
Operational Ampihers 7903 ANALOG 9V Freed 1A Negative Power Supply Regulat K
NIntAedartrrmiers < 7910 ANALOG 10V Fixed 14 Negative Power Supply Regulz
' 7912 ANALOG T2V Fixed 1A Negative Power Supply Regulz
Noaxareropus: 7915 ANALDG 15V Fixed 14 Negative Power Supply Reguiz
7918 ANALOG 18V Fixed 14 Negative Power Supply Reguls
Display Diivers 7323 ANALDG 9% B Mahleratys Foveiaraelifirnd:
Foos 79012 ANALOG 12 Fised 100mé Negative Power Supply Re | || omema |
Mlirmaf aeins 79015 ANALOG 25V Fixed 100mé Neoative Power Suoolk Re

Pucynok 2.6 - bibmioTeka e1eKTpOHHUX KOMIIOHEHTIB.
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s Toro, mo0 meperyisiHyTd poOoTy cxemu, HeoOXimuuil Buximuuit HEX- daiin.
Cepenosume PROTEUS mnintpumye 6araro 3aco6iB po3po0kwu, cepen nux 1 HI- TECH Ci
kommizsitop 1 CROWHILL PIC BASIC 1 BASIC STAMP. Ilonepennro HEX-daiin

o
IIOBUHCH 0 YTU CTBOPCHHNU 3 BUKOPHUCTAHHAM CSpCAOBHUIIEM IIporpaMmyBaHH:A
MiKpokoHTposepiB Bix pipmu MICROCHIP, a came MPLAB.
LCD1
LnoteL
M
Egﬁ mE Orom=+0we
ot EEwu (=N =N=N=N=N ===}
81 MR2 2l 8l-klplEEEE
H w ||
= o
[<A =
3 a op.a
2
w4
M @
TCTH g a
13 B
11 RELRN1IRID REMICIRATR b
: % RESENTATIG 5
R3 R4 S oscicum roum (2L REGCSPCLK  RADENDULPILC (ZND-
i m  {osacuour o (2 REVCSADAT RALBNICIZNG. 2
A METRARTHY r (2 RAZNINREF-CVREFCNG |
2 rearcn |24 RCOTIOSOMICK  RAMNMWREFCING o
2 memin i RCATIDSICER? RAATICHCIOUT |5
3 ratmnt s (-Z RE2CEF T RASBNESCIOUT [
- reamanirer- resece 2 REIGCHEDL ResOsCcacLONT (L
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Pucynok 2.7 - JlocmmkyBaHa cxema
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3 PO3POBKA INIPOI'PAMHOI'O 3ABE3IIEYEHHA MKC

3.1 Po3podka anropurmy pynkunionyBanus MKC

ANMroputM — 1€ TOCHIOBHICTh, CHCTEMa, Ha0Ip CHCTEMaTH30BAaHUX IIPaBUJI
BUKOHAHHS OOYHCIIOBAILHOTO TMPOIECy, MO0 OOOB'S3KOBO NPHBOIUTH 10 PO3B'S3aHHS
MIEBHOTO KJACy 3a7au IIcJisl CKIHYEHHOTo yucia onepauiid. [lpu HanvcanHi KOMIT'IOTEpHUX
mporpamM ajiropuTM OMKCYE JIOTIMHY TMOCHIIOBHICT, omepariid. s BByaTbHOTO
300paXEHHS AITOPUTMIB BUKOPUCTOBYIOTH OJIOK-CXEMHU.

biok-cxema — cxemartuyHe 300paXeHHS TOCIIIOBHOCTI i, CIPSMOBAaHHX Ha
JOCATHEHHS CMUIbHOI METH TaiX ocoOiuBocTel. Po3nin mporpamu y sikoMy BIIOYBa€eThCS
3aHECEHHsI 3HaYEHHs 3MIHHUX MOIA€THCS Y BUTILSIII Mapasenorpama, B skoMy IepepaxoBaHi
IMeHa 1uX 3MIHHUX. Po3a11 mporpamu, y SKoMy BiTOyBa€ThCs BUKOHAHHS TEBHOI OTepalti
MOAAETHCA Y POpMI MPSIMOKYTHHKA, & PO3UT EPEBIPKU yMOBU — y (Gopmi pomba. Kpim
TOTO MOXYTh BHKOPHCTOBYBATHUCh PO3JUIM, SKi MOBTOPIOIOTH IEBHUM HaOip KOMaH.
JUISL  THIIOTO aHAJIOTIYHOTO BHUIMAAKY. Taki po3aiuIM Ha3WBalOTh OJIOKOM IIEHTHYHHX
omeparii Ta 300paXyrTh Yy BHIAAl mecTukyTHuka. Ille oama po3ain, mo €
MNONIMPEHUM Yy MporpaMmax — I€ pO3AUT BAKOHAHHS MIINporpaMu. 300paxyeTbCsl BIH Y
bopmi MPSMOKYTHUKA 3 IBOMa BEPTHKAILHUMH CMyraMu MO Kpasx (Qirypu Ta 3ammucom y
HbOMY Ha3BH mifanporpamu. KoxkeH aqroputMm € cnuckoM J00pe BHU3HAYEHHMX IHCTPYKIIN
s po3B's3aHHs 3amavi. [loynmHarouM 3 TMOYATKOBOTO CTaHy, 1H0pr1<u11 IrOpUTMY
OTIMCYIOTh MPOIIeC OOYUCIICHHS, $IKI BiIOYBalOThCS 4Yepe3 TMOCHINOBHICTh CTaHIiB, SIKi
3pEIITO0 3aBEPUIYIOTHCS KIHIIEBUM CTAHOM.

[Tpuan MOOYIO0BM MPOrpaMHOTO 3a0E3MEUEHHS TOYHO Taki XK, SK 1 armaparHoi
YaCTUHU: CTBOPEHHS KIHIIEBOTO TPOAYKTY 3 TOTOBUX OJIOKIB - Tigmporpam. SKmo BCro
poOOTYy MporpamMu po3MICTUTH y BEKTOpax IepepuBaHb, TO OCHOBHHM JOJATOK HIIK HE
BiIUy€ BUKOHAHHA (DparMEHTIB CYCIOHIX MmignporpaM. ['0JOBHE BU3HAUUTH MOJIMBOCTI
araparHol YaCTUHU.

[Iporpamue 3abe3redueHHs] MIKpOKOHTpoOJIepa HEOOXITHO OyayBaTh 3 MakCUMalbHUM
BUKOpHUCTaHHSAM mnepudepii. [lpu upoMy sapo He BUKOHYBaTHMeE O€3J1Ul PYTHHHUX
oTieparliu.

[Ticst BKITIOUEHHS KUBJICHHS CEPBICHA MpoTrpamMa MOYMHAE MPOBOUTH IHIIAT3AITIFO.
Ha mouartky mporpamu HpI/IKpll'IJIIOCTBC}I daiin 610i0TeKH MIKPOKOHTPOJIEPA, IMICS YOTO
OTOJIOIIYIOThCS O1TH HOpTlB 1 perictpu mam'siTi, sKi BI/IKopI/IC’DOByIOTBCSI B IpOTpaMi.
MikpoKOHTpoOiep Ma€e BUIbHI JUIi BUKOPUCTAHHS KOMIPKHM Mam'siTi 1, MO0 MpH KOXKHOMY
3BEpPHEHHI /10 TICBHOI KOMIPKM HE OINMUCYBATH ii ampecy, Ta MOJErmmTH (HOpMyBaHHS
IIPOrpaMu - MPUCBOIOETLCA 11 HA3BA.

V NOHSTTS HI{1aa13a1(1i BXOIUTD:

. IPUCBOEHHS TOYATKOBUX 3HAYEHb BCIM 3MIHHUM MIPOrPaMU;
. HAJIAIITYBAaHHS BCIX BHYTPIIIHIX CUCTEM MIKPOKOHTPOJIEPA;
. BIIHOBJICHHSI PEXUMIB POOOTHM CHUCTEMH, BCTAHOBJIEHUX Yy MOMIEPEIHBOMY

ceaHcl poOOTH NUIIXOM 3YNTYBaHHA BiTNOBITHUX mapameTpiB 3 EEPROM-nam'siti;
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. BUKOHAHHS  MIANporpaM, MpU3HAYEHUX Ul  HaNAIITYBaHHS  BCIX
nepudepItHIX MOIYIIIB Y BUXTHUM CTaH;
J BUKOHAHHS MIANPOTpaMH 3alyCKy CUCTEMHHUX JIYWIbHUKIB-TaMEpIB 1

MeXaH13MY MepepruBaHb MIKPOKOHTPOJIEPA.

JIis BUKOPUCTAHHS y TPOTrpaMi KOHCTAHT 1 3MIHHHUX HEOOXIMHO iX MOTIEpETHBO
omnucaTH Ta oroiocuTH. KoHcTaHTa - 11e MpOCTO JAesIKe YUCIIO, 1[0 YacTO BUKOPHUCTOBYETHCS
B IpOTpami, 1 Ma€ IEBHUH 3MICT.

KpiM KOHCTaHT, siKi, BIAMOBIAHO JO CBO€I Ha3BH, MPOTATOM YChOTO Hacy poOOTH
porpamMu HIKOJIA HE MIHAIOTHCS, Y MPOrpaMi iCHyroTh 3MiHHI [lig 3MiHHOIO B mporpami
PO3YMIOTh IM'sl pericTpa, abo aapecy KOMIPKH IaM'siTi, /Ie B MPOIIeCl BUKOHAHHS TIPOTpaMy
OyJe THMYacoBO 30epiraTucs 3a3najeriyib HEBIOMA BEIWYMHA, a00 MPOMDKHUN pe3yJbTaT
00YHCIIEHb.

Din o o
( Mouartox ) (,,om Woiiiio )

THINIAJIIBALISA MK

HAAIITYBAHHSA Il()pTiB

THIITAJIIBALLISA MK
HAMAMTYBAHHA NOPTIR

MSSP SPI, 12C MSSP SPI
y OrpuManns JaHux
OrpuMaHHs Ta 3 UL na U2
3anue y sMiHHY
nanis T74
Y
\i IMigroroska pannx
A8 BHBE/ICHHA HA
Beranosaenus 2-psakosuii PKI

IpaHyUb 3a A0NOMOI0K
KHONOK

\

\ Beranopienus peae
Y Bianosiaxe
MOJOKEHHS

Tepegaua ganux
na U2

Pucynok 3.1 - brok-cxemu po6oTr CUCTEMHU KOHTPOJIIO TEMIIepaTypr
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3.2 KoudirypyBanus npuctporo 3 Bukopuctanusm nqupektusu _ CONFIG

CimeiictBo  MikpokoHTpoJiepiB  PIC16 mae Hallp crnemianbHuXx — (DyHKIIH,
MPU3HAYCHUX UL PO3IIUPEHHS MOIJIMBOCTEH CUCTEMH, MIHIM 3aIil BAPTOCTI, BUKIFOYCHHS
HaBICHUX KOMIIOHEHTIB, 3a0€3IeUeHHsI MIHIMAJILHOTO €HEPTOCIIOKUBAHHS 1 3aXHCTy KOIY
Bi 3uuTyBaHHs. B PIC16 peanizoBani HacTymH1 crietiaibH1 QyHKITI ;

e BHUOIp TUILY reHEpaTOpa;

® CKHJIAHHS,

® CcXeMa CKHIAHHS 10 BKJIIOYEHHIO KUBJICHHS |

e Taiimep ckumanns (DRT);

¢ cropoxxoBuii Taiimep (WDT)

* PEXUM MOHKEHOTO eHeprocnoxuBanus (SLEEP);

® 3aXUCT KOy BiJl 3UYUTYBaHHS;

e Oitu imeHTHDIKAITIi.

B pericTpi koH}irypaiiii onmuCyroThes 01TH KOHGIrypallii, B IKi BXOISTh:

o OIT 3aXUCTY

e OIT 103BOJTYy pOOOTHU TaiiMepa BKIIFOUEHHS YKUBJICHHS

¢ OIT 703BOJY pOOOTH CTOPOKOBOTO TaiiMepa

e BHUOIp TUILy reHeparopa

bitn xoudirypanii 3agaroTecs 3a fonomororo aupektuBu _ CONFIG. ®@parmeHt
3aroJioBKY MpHU HAMCaHHA MporpaMu 11t MikpokoHTtpoJiepa PIC16F876 3 BukopucTanHsm
MoBH C:

#include <pic.h>

CONFIG(FOSC_HS&WDTE_OFF&PWRTE_OFF&CP_OFF&BOREN_OFF&L
VP_OFF&CPD_OFF&WRT_OFF&DEBUG_OFF);

@parmMeHT 3aroJIoBKy NpHY HaIMCaHHs Nporpamu 11 MikpokoHTpoJiepa PIC16F883 3
BUKOpHUCTAaHHSIM MOBH C:

CONFIG(FOSC_XT&WDTE_OFF&PWRTE_OFF&MCLRE_ON&CP_OFF&CP
D_OFF&BOREN_OFF&IESO_OFF&FCMEN_OFF&LVP_OFF&DEBUG_OFF);

CONFIG(BOR4V_BOR40V&WRT_OFF);

3.3 HanucaHHs KepylO40i NIpPOorpaMu AJisi MiKpoOKOHTpoJIepa

[Ticast BKIIIOUEHHSI KUBJICHHS CEPBICHA MpoTpama MOYMHAE MPOBOAUTH IHIL1ATI3AI]1F0
nanux. Ha mouarky mporpaMu mpukpirmmoeThes (ain 01010 TeKH MIKpOKOHTpPOJIEpa, MICIIs
4Oro OroJIOIIyIOTHCS OITH MOPTIB 1 PEricTpH Mmam'sTi, SIKI BAKOPUCTOBYIOTHCS B TIPOTPaMI.
Jlanuii TUIT MIKPOKOHTpOJIEpa Ma€ BUIbHI JIJI1 BUKOPUCTAHHS KOMIPKU MaM'siTi 1, 100 mpu
KOXHOMY 3BEpHEHHI [0 TEBHOI KOMIPKM HE OMNUCYyBaTh Ii ajpecy, Ta MOJIETIIMTH
(dbopMyBaHHS IPOTpaMH - MPUCBOIOETHCS i Ha3Ba.

V nOHATTA HIian13a1ii BXOIUTE:

® MPUCBOEHHS TIOYATKOBHX 3HAYCHH BCIM 3MIHHUM IIPOTPaAMU;
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® HaJIAIITYBAaHHS BCIX BHYTPIIIHIX CUCTEM MIKPOKOHTPOJIEPA,;

® BUIHOBJICHHSI PEXUMIB POOOTH CHCTEMHU, BCTAHOBJIEHUX Y MOMEPEIHLOMY CEaHC1
pOOOTH NUIIXOM 3UMTYBAaHHS BIATOBIIHUX MapaMeTpiB 13 duient-nam'sri;

® BUKOHAHHS IIANpOrpaM, MNPH3HAYCHUX JJI YCTAaHOBKM BCIX Tmepudep iiHux
MPUCTPOIB CXEMU MO3UIIOHEPA Yy BUXITHUM CTaH (OUYHUIIEHHS HIUKATOPIB, MIITBEPIKCHHS
KOMAaH/I1 3yIUHKHU JBUTYHA TOIIO...);

¢ BUKOHAHHS MIANPOrpaMu 3allyCKy CUCTEMHHX JIMWIbHUKIB-TAMEPIB 1 MEXaHBMY
nepepuBaHb MIKPOKOHTPOJIEPA.

KpiM KOHCTaHT, sKi, BIAIOBIAHO A0 CBO€I Ha3BH, MPOTATOM yChOTO Yacy pPOOOTH
porpamMu HIKOJIM HE MIHAIOTHCS, Yy MpOrpami iCHyroTh 3MiHHI [lig 3MiHHOIO B mporpami
pPO3YMIETbCA IM'sl pericTpa, abo ajapeca KOMIDKM MaM'siTi, J€ B MPOIeCi BUKOHAHHS
nporpamu O0yjie THMYacoBO 30epiraTucs 3a3najeriib HeBlIOMa BEIWYMHA, a00 MPOMDKHUNA
pe3yJbTaT O0YHCTICHD.

[Ticnst BUKOHAHHS MOYJIS IHIIAT3aIlil MpoTrpaMa Mepexo uTh 10 OCHOBHOTO IUKITY.
VY oMy 1UKII mporpamMa rnepedyBae yBeCh 4ac, MOKU BKIIFOUCHE YKUBJICHHS.

[lepiioro 4acTHHOIO HAIIOTO MPOEKTY OyJNO HAMMCAHHS TEKCTy MpOTrpaMu sl
MIEPIIIOr0 MIKPOKOHTPOJIEPA, M0 BUKOHYE (DYHKIIIFO OJCpKaHHS JaHUX 3 MpHucTporo 174 Ta
BCTaHOBJICHHSI TPAaHUYHHUX 3HAYEHb, a TAKOK OOPOOKY Ta mepenavdy gaHux Ha apyruit MK.

HaBenenuii Hmwxk4ye MOAyJb NOpPOrpaMH  3AICHIOE  HIIAIBA0  [MOPTIB
MmikpokoHTposepa PIC16F876 moxynst SPI ta 12C:

#include "MK _init.h"

[l---- onmc dynKIiif ----------------------- vOid MK _init(void)

{

/I--HananrryBauss moptis--//

TRISA=0b00000011;//1 Ta 2 BUBOHM - 11€ BUBOAM, SIKIi BCTAHOBIIIOIOTh TPAHMITI 38 JOITOMOTOIO
KHOIIOK

TRISB= 0b00100011;/*nepmi 2 6iru npuiimatots nanino 12C Big T74, a 6 61t

- 11e OIr kepyBaHHs mpotokony SPI*/

TRISC=0b00101000;/*4 Ta 6 Oirm - e BUBOAM IS IMepeaadi JaHMX 3a mpoTokoiom SPI*/

I MSSP SPI
.......................... /I--- SSPSTAT

SMP=0;// onuTyBaHHS BXOYy B CEPEIMHI IEPi0 1y BUBEACHHS JTaHIX

CKE=0;// Bubip (hpoHTY TAKTOBOTO CUTHAIY, JaH1 IEPEAAIOTHCS MO 33JHROMY (DPOHTY CUTHATY Ha
BuBin SCK

/I--- SSPCON1

CKP=0;// nani nepenaroThes 1m0 3aAHBOMY (BPOHTY CHUTHANY Ha BUBiL SCK

Il Pesxxum pobotu moyist MSSP:

/I Beqyunii pexxum SPI, TakroBuii curran = Fosc/4 SSPM3=0;

SSPM2=0; SSPM1=0; SSPM0=0; SSPEN=1; GIE=0;

I MSSP 12C SSPADD=9; SMP=1; CKE=0; SSPCON2=0;

SSPM3=1; SSPM2=0; SSPM1=0; SSPM0=0; SSPEN=1;

}
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[Ticns HimianiBamii MM BUKOHYEMO HAallMCaHHS Kepyrodoi mporpamu y (aiini main.c :

#include "MK _init.h"//minkmogaemo daitn imigianizarii MK #include "12C_p. h "//ra daiin
nporpamHoi peainizanii mpotokomny 12C

//HamaemMo HaIlMM KHOIIKaM 3MIHH 1, JUTSI 3p YIH IIIOT0 HanucaHHs nporpamu: #define Inc RA2
//xKHOTIKA 30 UThIIICHH S 3HAYCHH S

#define Dec RA3 //kHoOTIKa 3MEH IIEHHS 3HAYCHH S

[I---- orosnomeHHs rT00ATBHUX 3MIHHHX ------
unsigned char T;// 3minHa a1t 3anucy Temneparypu y mam’sitb MK unsigned char

gran;//3MiHHA 1715 BCTAHOBJICHHS TPAaHUYHOTh 3HAYEHH

[I---- OromonryemMo GyHKILO [ epenadi faHux Ha Jpyruid MK -----------------
void spi_trans(unsigned char dat);

Il -_onuc dyHKIiiH - - -
void spi_trans(unsigned char dat)

{RB5=0;

SSPBUF=dat;

while(BF==0){} BF=0;

RB5=1,;

}

/I---- OCHOBHA TTPOTPAMA ------==-===n=emmm -
void main(void)

{
MK _init();//ynkuis iHiianizanii MK

/I-- mporpamua peaniaiis 12C ---------- i2c_start_p();
i2c_trans_p(0b10011010); //1001101* - A5 (tranceive) i2c_trans_p(0x01); // CONFIG-reg
i2c_trans_p(0b01000000); // 3anyck kouBepraiii ADC i2c_stop_p();

__delay_ms(200);

[[------- yuTaHHS pe3y/bTaTIB BUMIpIOBaHHS ----------- i2C_start_p();
i2c_trans_p(0b10011010); //1001101* - AS i2c_trans_p(0x00); [ITEMP-reg
i2c_start2_p(); // moBropuuit CTAPT i2c_trans_p(0b10011011); //3mina

Hanpsmy 1001101+1 (receive) T=i2c recieve nack p();  //umranus iHpopmar iitHOro OalTY
temmeparypu i2¢_stop_p();

[Ticns Toro, SIK MM OTPHUMAIM Ta 3alMCAIM JaHI MPO TEeMIEpaTypy, MOKHA IepelaTd IaHy
H opmariro Ha agpyruit MK 3a mormomororo mpomnucanoi GyHKII ii TPOTOKOTY:

spi_trans(T);

while(1) {

B nanomy nukiniMu 6yznemo peanizoByBaTH poOOTY KHOMOK:

//pyHKIIST 17151 0OPOO KK KHOTIKK 30 UThIICHHS rpaHuYHOrO0 3HadeHHs : if(Inc==0)

{
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while(Inc==0){} //ouikyBaHHs BITTUCKaHHS KHOTIKM gran ++;//lHKpeMeHTallisd 3HAaYCHHS
spi_trans(gran);//mepeaanHs oJep>KaHOro 3HaUeHHs Ha npyruit MK

ks

//pyH KIS 17151 0OPOOKK KHOTIKK 3MEH IICHHSI rpaHraHoro 3HaueHHs: if(Dec==0)

{

while(Dec==0){} //ouikyBaHHS BiATHCKAHHS KHOIIKK gran --;//IeKpeMeHTAaIl i1 3HAYCHHS
spi_trans(gran); //mepeaanHs oepkaHOTo 3Ha4eHHs Ha ap yruii MK

ks
ki
¥

JIpyroro 4YacTHMHOIO HaIlOTO TMPOEKTYy Oylno HamuCaHHS TEKCTYy WporpamMu JAis JpYyroro
MIKpOKOHTpOJIEpa, 10 BUKOHYE (PYyHKI[IFO oJiepaHHs JaHuX 3 nmepmoro MK Ta BUBOAUTH OTpUMaHI qaHi
Ha 2-psinkoBuid PKI.

HaBenenwii HWXXYEe MOIYITh MpOTpaMH 3AIMCHIOE IHITIAT3ail0 TOPTIB MIKPOKOHTpOJIEpa
PIC16F883 Ta momynst SPI:

#include "MK _init.h"

/I---- omc pyHKIL i ----------------------- VOid MK _init(void)

{

/I--Hanamrysauus moptie--// TRISA0=0;//suBin kepyBauus peae TRISAS=1;//BuBin kepyBaHHs
nporokony SPI

TRISB=0; //mopt BuBeaenns i ¢popmarrii Ha PKI

TRISC=0b11111000;/*nepuri 3 BuBoau - 1e kepytoui BuBoau PKI, a 4 Ta 5 BuBomu - e
BHUBOJM 110 SIKUX MU OTPUMYEMO AaH1Big nmepimoro MK*/

Hactynuuii pparMeHT Koy 30IHCHIOE 1H Il i1 3arl o pericTpiB Moyt SPI:
............. - - - Il MSSP SPI
II--- SSPSTAT

SMP=0;// onuTyBaHHSs BXOAY B CEpEIUH1TIepio 1y BUBEACHHS JaHHX

CKE=0;// Bubip ¢ppoHTY TAKTOBOIO CUTHANY, JaH1 IepeJatoThCs M0 3aJHbOMY (POHTY CUTHAIIY Ha
BuBig SCK

/I--- SSPCON1

CKP=0;// nani nepenaroThes 1Mo 3aaHbOMY QPOHTY cuTHaNY Ha BuBin SCK

Il Pesxum pobotu momyiss MSSP:

/I Benennii pexxum SPI, takroBuii curnan = Fosc/4 SSPM3=0;

SSPM2=1; SSPM1=0; SSPM0=0; SSPEN=1; GIE=0;

RS=0; RW=0; E=0;
k
[Ticns HimianBamii Mu 301MCHYEMO HamUCaHHS Kepyrouoi mporpaMu y ¢aiiai main.c :
/lorosonryemMo Ta onucyeMo (QyHKIif0 mpuiloMmy naHux Big nepmoro MK 3a maHum npotokonom:
unsigned char spi_receive(void);

-Jonuc ynkirii - - -




32

unsigned char spi_receive(void)

{
while(BF==0){} return SSPBUF;

}

void main(void) {

MK _init(); // dyrkiis i iianizanii MK led_init(); //byrxuis iixiaxiarii PKI

//TIn e Mo 3aroTOBKY JUIs BUBEACHHS 3HaucHb Ha ekpani PKI: lcd str("rele - ™);

Icd_pos(0,1);

lcd_str("T=C");

//BUKOHYEMO 3uMTYBaHHS qaHuX 3 epmoro MK, a came remneparypu 3 T74: T=spi_receive ();
gran=spi_receive ();

while(1) {

//Hactymuauii ¢pparMeHT 311 CHIOE BUBEICHHS OTpuMaHuX JaHux Ha PKI:
//BU3HAYEHHSTPAHWYHOTO  3HAYCHHS  JO SKOTO Hame pene Oyde  3alHIIaTHCh

BHUKIIIOUYCHHM:

if(gran<=18)

{

A0=0;

Icd_pos(7,0); /BctanoBiieHHs Kypcopa B 7 mo3uitito mepimoro psaka lcd_str(off");
Icd_pos(7,1); /BcTanoBieHHS Kypcopa B 7 mo3uiLito apyroro pska sprintf(MAS, "%x", T);

//BuBenenHs temmeparypu lcd_string();

¥

//ﬂKH_[O K 3UUTAHC 3HAYUCHHS TEMIICpAaTypu OlIBIIIE BCTAHOBJIEHOTO T'PaHUYHOTO 4YHCJa, TO B HAC

Bi,Z[6YBa€TBC$I BKIIFOUCHHS PEJIC iBI/IBe,Z[eHHH OTPHUMAHOT'O 3HAYCHH: else

{A0=1;
Icd_pos(7,0); /BctanoBrieHHs Kypcopa B 7 mo3uitiro mepioro psaka lcd_str(on™);
Icd_pos(7,1); /BctanoBIIeHHS Kypcopa B 7 TO3HILi0 Apyroro psaka sprintf(MAS, "%x", T);

//BuBenenHs Temnepatypu lcd_string();

¥
ks
ks
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Pucynok 3.2 - Po6oua cxemu B PROTEUS B pexumi BUKITFOUEHOTO peie
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BUCHOBKHA

B mpomeci KypcoBOTO TNPOEKTYBAaHHS PO3IJITHYTO TIPHUHIMIK TPOCKTYBAHHS
OPUCTPOIB 1 CHUCTEM, IO TMOOYJOBaHI 3  BHKOPUCTAHHAM  OJIHOKPUCTAIbHUX
MIKpOKOHTposepB ¢ipmu Microchip. Ilin yac BHKOHAHHA TPOEKTYBaHHS 3/1MCHEHO
3aKpIUICHHS TEOPeTUYHUX 3HaHb Ta NPAKTUYHUX HABUYOK IO peajii3alii eramiB
MPOEKTYBAHHA. Y3araJbHEHO TEXHIMHUK Marepian a1 (OpMYyBaHHS OCHOBHOI imel
MPOEKTYBAHHA. 3IMCHEHO aHali3 BXIHUX JAaHUX, OOIPYHTYBaHHS 1 CHUHTE3 CTPYKTYPHOI
cxemu. JleTanbHO pO3MIIAHYTO CKJIa[0B1 anapaTHOI YaCTUHU iX MPU3HAYEHHS 1 0COOIMBOCTI
¢byukuionyBanus. [IpoananizoBaHo JOKyMEHTAIlll0, 10 OMUCYE POOOTY CKIAJOBUX BY3JIB
MKC. Ha ocHOBI 1IMX JaHMX OTMCAHO Ta CTPOCKTOBAHO MPHUHIMIIOBY CXEMY Ta aITOPHUTM
poboOTH.

Jl1g moOynoBU OJIOK-CXEM, alTOPUTMIB Ta MPUHIUIIOBUX CXEM 3aKPIIEHO HaBUYKU
pobotH 3 mporpamoto sPlan. Jlns HamucaHHs 1 BJaroJKeHHsI MPOTPaAMHOrO 3a0e3IeYeHHS
BUKOPHUCTaHO cepenopuine po3podkn MPLAB 8.92. V mpomy cepemoBuilli CTBOPEHO
MPOEKT, HAITMCAHO TEKCT MPOTPaMU 3 BUKOPUCTAHHSIM MOBU C, 1 3[IIHICHEHO KOMIMUBAIIIO Y
hex-¢aitn. CepenoBuiie po3poOKH MOXE BHKOPUCTOBYBATHCh Pa3oM 3 IMPOTpaMaTopamu
JUIA 3alycy TOTOBOTO BHXIZHOTO KOAY MPOIIMBKM Y MaM'ATh MPOTpaMyd BHOPAHOTO
MIKpOKOHTpOJIepa.

[Ipu HamucaHHI TEKCTY MporpaMu c(OpMOBAHO 3HAYEHHS pEricTpa KoHpIrypaili 3a
JAHUMU TOKYMEHTallli BAPOOHUKA, ONKUCAHO PETICTPU CHEIAIbHUX (YHKIM Ta 3arajibHOTO
NPU3HAYEHHS.

[TpoBeneHo iHIIIATI3AIIIO MIKPOKOHTPOJIEPA, HOTO BY3JIIB Ta MOYJIIB.

Jliisa 3a0e3nedeHHs: poOoTH nepudepitHuX TPUCTPOIB 3AIMCHEHO KEPYBaHHS, TPUHOM
Ta repenaya JIaHuX 3 IPUCTPOIB BBEACHHS Ta J0 NPUCTPOIB BUBEICHHS 3TiIHO BapIiaHTY.

VY pobouiii yactuni 3a6e3nedeno QpyHkionyBanHs MKC 3riqHo BapiaHTy.

KypcoBwuit mpoekT Moxke OyTH OCHOBOIO PO3pPOOKH KEPYHOUOi CUCTEMH 300py JaHUX
Y1 CUCTEMH KEPYBaHHS Ta KOHTPOJIIO 32 BAKOHAHHSM 3aB/IaHb.
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