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PO3pOOKH):

BCTVII
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1.1 Ananiz 3aBgaHHs Ta CUHTE3 CTPYKTypHOi cxemu MKC
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1.3 Ilpu3HadeHHs, MPUHITAI pOOOTH, 0COOIMBOCTI TeprudepitHIX MTPHUCTPOIB
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PED®EPAT

TexcToBa YacTHHA KYpCOBOTO MPOEKTY: 35 CTOPIHOK, 17 pUCYHKIB, 2 TaOiMIIl
Ta / MOCWJIaHb.

OO0’ exT mpoekTyBaHHs - “CrucTemMa KOHTPOJIIO TeMIeparypu’.

Mera nmpoeKTy - JTOBEPIIMTH CBOi HABHKH Yy PO3POOI CTPYKTYPHOI CXEMH,
enekTpuyHOi mpuHIUNoBOI cxemMu MKC, cTBOpeHHS TPOEKTy 3 BUKOPUCTAHHIM
nporpamu  PROTEUS, po3po6ui anroputmy ¢yHkumionyBanHs MKC, a Takox
HAMHMCaHHS KEPYyHUYOoi MNporpamMu Ui MIKPOKOHTPOJEPIB. 3akpiMUTH TEOPETHYHI
3HAHHS 3 OCHOBHUX MOHATh AUCUUIUTIHY “MikpokoHTposepu Ta ix [17.

PesynbTar po0OOTHM HaA KypCOBUM IIPOEKTOM TIOKa3aB, IO 3aBAAKHU
BUKOPHUCTAHHIO JIBOX MPOCTUX MIKPOKOHTPOJEPIB Ta MOAYJS PEATbHOTO Yacy MOKHA
CTBOPHTH TIOBHOIIIHHY CUCTEMY MOHITOPHHTY TEMIIEPaTypH.

MK, T74, SPI, 2-psinxosuii PKI, SPLAN, MPLAB IDE.
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[13I1 [TocTiitHMIT 3amaM’ ATOBYFOUHI MPHUCTPIN
LIATT [{udpoananorosi nepeTBoproBadi

LTI LenTpamsHMA MpOTIECOPHUI TPHUCTPIH
[IM [IpoTHO-IMITYJIECHA MOTYIISIITIS

12C Inter-Integrated Circuit (MibkiHTerpasbHa cxema)

SPI Serial Peripheral Interface (ITocninoBuuit mepudepiiiauii iHTEpdEiic)
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BCTYII

Tunosumu npenctaBaukamu RISC-nporiecopis € PIC-kontponepu (Periferial
Interface Controller — kouTposiepu nepudepiitnux iHTepdeiiciB) BupoOHUNTBA hipMu
MicroChip.

PIC-koHTpOIEpH 3aCTOCOBYIOTHCS Y CHCTEMaX BUCOKOIIBHIKICHOTO KEpYyBaHHS
aBTOMOOUILHUMHU ¥ EJIEKTPUYHUMU JIBUTYHAMU, MPUIaAax MoOyTOBOi €IeKTPOHIKH,
teneoHHUX pucTtaBkax 3 ABH, cucremax 0XOpoHU 13 CIIOBILIEHHSIM O TeIePOHHII
i, MiHI-FATC. Oxpemi BUMIpIOBaIbHI IH(POpPMAIIiHI CUCTEMHU BIIPBHIIOTHCS
pospsnnicTio [I3TI(nocTiiiHO 3amaM’ITOBYIOUOTO MPUCTPOIO): Bin 12 no 14 Oir nis
cepii PIC16Cxx, 16 61t — gy cepii PIC17Cxx.

3aBasKM CKOpOUeHI KimbKocTi komaHn (Bim 33 g0 35) yci KomaHau 3aiiMaroTh
y mnam’siTi ofHe cJIoBO. Yac BUKOHAHHA KOXKHOI KOMaHAM, KpiM KOMaHJ
pO3TayKeHHS, CTAHOBUTh YOTUPU TakTH — oAuH LUK (200 He Ha yacToTi 20 MI'1).
OnepaTuBHUIA 3amam’TOBYBAIbHUI TPHUCTPIi BUKOHAHO 32 CXEMOIO 3 JIOBUIHHOIO
BUOIPKOIO 3 MOKJIMBICTIO O€3MOCEPE/IHBOI alipecallii y Kol KOMaHAu J0 OyJb-sKOi
KOMIPKH.

Crek peani3oBaHO anapaTHoO 3 INIMOMHOIO 2, 8 abo 16 xomipok. Maiibxke B ycix
PIC-koHTposepax € cucTeMa MepepuBaHb, JKEPESIOM SIKUX MOXke OyTu TaiimMep, a
TaKO 3MiHa CTaHIB CUTHAJIIB Ha Jeskux Bxoaax. Y PIC-koHTponepax nependadeHmii
o1t 3axucty [1311, o 3ano0irae HenerabHOMY KOTIIOBaHHIO.

Bemuki iHTerpanpHi cxemu PIC16Cxx marots BOynoBani [1311 emnicTio Big 0,5
no 4 xinocniB 1 O3Il(omeparuBHO-3amam’ STOBYIOUUH TPUCTPIN) €MHICTIO 32-256
Oaifr. OCHOBHA YaCTHHA KOHTPOJIEPIB Ma€e OJJTHOKpaTHO nporpamoBanuii [1311, onqHak
neski koutposiepu MicTate 11311 3 ymerpadioneroBum ctupanasMm, a PIC 16C84
MICTHUTb MaM’sITb Tporpam 11mam’siTh Janux Ha 6a3i [1311 3 enekTpuyHUM CTHUpPAHHSIM.

KpiM TOTO, KOHTpOJEpH MaKOTh BII OJHOIO JI0 TphOX TalMEpiB, BOYIOBaHY
cuctemy ckuganus, watchdog TaiiMep, BHYTpIIHIN TaKTOBHI TeHEpaTop, KU MOXKE
3amycKaTrcs SIK Bl KBAapILIOBOTO pe3oHaropa, Tak 1 Bim RC-manHirora y mmpoxomy
niarma3zoHi yactoT — 0-25 MI'm. KinbkicTs po3psaiB moptiB — 12-33. Koxxuwmil po3psin
NOPTY MO’KHA 3alpOTpaMyBaTH Ha BBEJIEHHS a00 HA BUBE/ICHHSL.

Kontponep PIC16C64 nomarkoBo mae Buxin 3 LM, 3a nomomorow sKoro
MokHa peanizyBatu L[AIl 3 po3psaHicTIO 10 16 po3psiaiB, a TaKOX ITOCIITOBHHUI
JNBOHanpsiMiieHud cuuxpoHHuit nopT 3 iHTepdericamu SPI, 12C, SCI/UART. PIC
16C71 1 PIC 16C74 wmatote BHyTpimHIA 8-po3psaguuid ALl 3 npuctpoem
BUOUpaHHs/30epiraHHs 1 BXIIHUM aHAJIOTOBUM MYJIbTUILIEKCOPOM.



1 PO3POBKA CTPYKTYPHOI CXEMHU MKC
1.1 AnaJji3 3aB1aHHs Ta cCUHTe3 cTPYKTYpHOi cxemu MKC

[Ipu npoekTyBanH1 MIKpoKOHTpoaepHux npuctpoiB (MKII) a6o cuctem (MKC)
MO’KHAa BHUKOPHCTOBYBATH OJIOKOBO-IEpapXIIHUHN IMAXIA, TPU SKOMY YSBICHHS TIPO
MKII a6o MKC, mo mpoeKTyroThCs, PO3UJICHOBYIOTHECS Ha lepapXiaHi piBHL Ha
BUIIOMY PIBHI BUKOPUCTOBYETHCSI HAMEHIII JETaT30BaHe YSIBJICHHS, 10 BiqoOpakae
JUIEe TUIBKA 3arajlbHl PUCH 1 OCOOJIMBOCTI CHUCTEMH, IO TMPOeKTyeThcs. Ha
HACTYMMHUX PIBHAX CTYIIHb ITOJAPOOHUIIE PO3TIIAY 3POCTa€E, MPH IBOMY CHUCTEMa
pPO3TIISAAETECS HE 3arajoM, a OKpeMuMu Ojokamu. Takuii migxig J03BOJISIE Ha
KOXKHOMY pIBH1 (DOPMYJIIOBAaTH 1 BUPINIYBAaTH 3aAadl AOMYCTUMOI CKJIQJAHOCTI, IO
HiIAAI0ThCSl YCBIIOMJICHHIO M PO3YMIHHIO JIFOAMHOK Ta PIIICHHIO 32 JIOMOMOTOIO
noctynHux 3aco0iB. IlepeBarm Takoro minxoAy MOJSATalOTh B TOMY, IO CKJIaJIHA
3a/1aya BEJIMKOI PO3MIPHOCTI PO30MBAEThCA HA TPYMHH 33]a4 Majioi pO3MIPHOCTI, SAKi
NOCJIAOBHO BUPIIIYIOTbCS, NPUIOMY BCEPEIMHI TPyl pi3HI 3a37aul MOXKYTh
BUPIIIYBATUCS HapaieiabHO.

CTpykTypHa cXeMa — II€ CXeMa, sika BU3Ha4a€ OCHOBHI (PYHKITIOHATbHI YaCTHHH
BUpOOy, X B3a€MO3B'SBKM Ta mnpu3HadeHHs. [lin (yHKIIOHATbHOI YacTHUHOIO
pPO3YMIIOTh CKJIQJIOBY YaCTHHY CXEMH: €JIEMEHT, MPUCTPIii, QyHKIIOHATBHY TPYIY,
(byHKIIOHATILHY JIaHKY.

CTpykTypHa cxeMa TMpu3HAu€Ha [JIs B]I[06pa)KCHHH 3arajbHO1 CprKTprI
NPHUCTPOIO, TOOTO MOTO OCHOBHMX OJIOKIB, BY3JIiB, YACTHH Ta TOJIOBHUX 3B'SA3KIB MK
HUMH. [3 CTPYKTYpHOI CXeMU MOBMHHO OyTH 3pO3yMUIO, HABIIO MOTPIOHUHN aHUit
OPUCTPIA 1 AK BIH IpAallO€ B OCHOBHUX PEXMMax pOOOTH, SK B3aEMOJIOTH HOTO
yacTuHU. [l03HAaYEHHS €1eMEHTIB CTPYKTYPHOI CXEMH MOXKYTh OOMPAaTUCh JTOBUIHHO,
X04a 3araJlbHONMPUHHATHX TIPaBUJI BUKOHAHHS CXEM CJIIT JOTPUMYBATHCHh.

OOG’€KTOM JOCIHIIKEHHSI JAHOIO KYpCOBOTO MpOeKTy € CucteMa KOHTPOJIHO
TeMIieparypu, 1o npaioe Ha oHoBi 2 MikpokoHTposepax PIC16F873, PIC16F874.

Po6oTa npunamy 3a0e3meqy€eTsCs TOCTIOBHAM ITU(POBUM TepMoaBadeM 174,
TpaHUYHI 3HAYEHHS JIJIS SIKOTO OYIyTh BCTAHOBIIIOBATHCH 3a JIOTIOMOTOI0 KHOTIOK.

Busin iHopmartii 311CHIOBATUMETHCS Yepe3 TBOPSIIKOBUI
PIIKOKpUCTATIYHUIA IHIUKATOP, IO MOKa3yBaTUME I1HAMKAIIIIO.

CrpykrypHa cxema MKC gns CucteMu KOHTPOJIIO TEMIIEpATypyd BU3HAYAE
OCHOBHI (DYHKITIOHAJIbH1 YaCTUHU BUPOOY Ta 3a3HadeHa Ha pUCYHKY 1.1.

[lepmmii O50K JaHOI CXeMHM BIANOBiNae 3a 3uyuTyBaHHs 1H(opwmarlii. B
NOJAJIbLIOMY, HaIlll JaH1 MICs 3YMTYBaHHS MPOUIYTh Yepe3 JBa MIKPOKOHTPOJEpa
1o npotokoiry SPI.

VY apyromy 6710111 cxeMu CUCTEMU KOHTPOJTIO TEMIIEPATypH 300payKeHO
rpadiunmnii BUBiA iHopMarii, mo Oyae Matu HacTymHUiA BUrs: rele - on/off, t =
xX°C.



PIC16FET3

PIC16F374

1.2 Bu6ip MikpoKkoHTpoJiepiB Ta aHAJi3 iX mapameTpiB

B ocrtanHl poxkm mpu po3poOi CUCTEM KepyBaHHS BCE OUIbINEC yBarw
OPUAUBIETHCS MIKPOKOHTpOJIEpHIN TexHiill. Lle moB's3aHo 3 11 OypXJIMBUM pPO3BUTKOM
1 IIUPOKAM  acOPTUMEHTOM  TMPOMOHOBAaHOI  Tpoxaykui.  Bukopuctanss
MIKPOKOHTPOJIEPIB JI03BOJISIE KOHCTPYIOBATH NPUCTPOT 3 HEBEIMKUMHU TadapuTami,
0 € BIIHOCHO JCIICBUMH, TPOCTUMH 1 HATIMHUMH, CYMICHUMH 3 TIEPCOHATbHUM
KOMIT'FOTEPOM Uepe3 CTaHAapTHI HTepPeicu.

OcHoBHa MeTa mpu BUOOpP1 MIKPOKOHTposepa - oOpaTH MIKPOKOHTPOJIEp 3
MIHIMAJbLHOIO I[IHOIO, ajie B TOH JK€ 4Yac BIH MNOBUHEH BIAIOBIZATH BUMOTaM
MPOIYKTUBHOCTI, HAAIMHOCTI, yMOBaM 3aCTOCYBaHHS, TOIIIO.

Hactymamii kpok mnpu BHOOpPI MIKpOKOHTpOJiepa — TMOMIYK MOJEICH, sKI
3aJI0BOJIbHSAIOTh CUCTEMHUM BUMoOraMm. BiH Bkitouae minOip jireparypy, TEXHIYHUX
OTHCIB 1 TEXHIYHUX KOMEPIIHHUX KYpPHATIB, a TAKOXK JEMOHCTpAIliiiHI KOHCYJbTAIIii.
OcTanHs cTazlsi BUOOPY CKIATAETHCS 3 KUIbKOX €TariB, MeTa SKUX - 3BY3UTH CIHCOK
OPUINHATHUX MIKPOKOHTPOJIEPIB 10 oaHOTO. Ll eTanu BKIO4aOTh B ceOe aHaANI3 111HHU,
JIOCTYITHOCTI, 3aC001B pO3pOOKH, MIITPUMKH BUPOOHUKA, CTAOUTLHOCTI Ta HAsABHOCTI
HIIMX BUPOOHUKIB. [IpOBENEHHS CHCTEMHOr0 aHAMI3y MPOEKTY J03BOJISIE BU3HAYUTH
BHMOTH JI0 MIKpOKOHTpOJIepa:

® PO3PSAHICTh OOYHCTIOBAIILHOTO S/APA;

e Halip BOynoBaHUX NepudepiitHux npuctpois (taitmepu, AL Tomro...);

e amapaTHa opraHiBaiisi oOpoOKM [aHuX (CTPYKTypa MAIIMHHOTO ITUKITY,
cmiBBiiHOIIEHHS TakTIB ['T1 1 MamMHHUX ITUKIIIB);

® MOXIIMBICTh POOOTH MO NEPEPUBAHHIO, 32 30BHIIIHIMU CUTHAJIAMU T'OTOBHOCTI
a00 10 KOMaH1aM JIFOOUHHU;
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® KUIbKICTh KEpOBaHMX TOPTIB BBEICHHSA/BUBOAY, XapakTep Iepeaadi -
OaiiT abo OIT, MPOrpaMHE HANAIITYBaHHS HANPSAMKY Mepeaaul;
® THI MIPUCTPOIB BBEIICHHS/BUBOY, IKUMH IOBHHEH KEPyBaTH OOUPAIOTh MIKPO -

KOHTpOJIEp B TPOCKTOBAHIM CHUCTEeMi (TepMiHAJM, BUMHKadl, pejie, KJIaBiIli,

naBavi, U(POBI MPUCTPOI BBYAIbHOI IHAWKAILI, aHAJIOTO-IIUGPOBI M 1TUdpO-

aHaJIOTOB1 NEPETBOPIOBAY1, MOAYJISITOPU TOLIO);

® MATPUMYBaHI CHOCOOM 3aBaHTAXEHHS TMporpam B MIKPOKOHTPOJEp, -
MOXJIMBICTh BHYTpIIHbOCHUCTEMHOTO TiporpamyBaHHs (ISP), BuxopucTanus
pH 1IboMY cTaHaapTi3oBanux HTepdeiiciB (SPI, 12C);

® KUIbKICTh 1 THIl HAPYTH KUBJICHHS;

® MajoradapuTHI Ta €CTETUYHI OOMEKECHHSI;

® YMOBH HABKOJMIIHBOTO CEPEIOBHUIIA, HEOOXIAHI JJIsl eKCILTyaTallii.

Mikpokontponepu  PIC16F873 Tta  PIC16F874  maroTh  pexumu
CHEpro30epeKCHHS 1 MOYKIIMBICTD 3aXHUCTY KOAY IMPOTPaMHU.

VYV MikpokoHTpojepu BOymoBaHui cTopokoBui Taimep WDT, skuii moxe
OyTH BUMKHEHUU TUIbKU B O1TaX KOHQIrypaiii MIKpoKOHTposepa. i miIBUILICHHS
Ha/1MHOCTI cToposxoBui Taiimep WDT mae BacHuit RC reneparop.

JlonatkoBUX JBa TaiiMepa BUKOHYIOTh 3aTpUMKy CTapTy poOoTH
MIKpoKOHTposiepa. Ilepumii, Taiimep 3amycky reneparopa (OST), yrpumye
MIKPOKOHTpOJIEp B CTaHl CKHUJAHHSA, MOKM HE CTaOUIBYeThCS 4acTOTa TaKTOBOTO
reneparopa. Jpyruii, Taiimep BrmoueHHs >kuBieHHs (PWRT), cnpampoBye micis
BKJIFOUCHHS JKUBJICHHS 1 YTPUMYE MIKPOKOHTPOJIEP B CTaH1 CKUIAHHS TIPOTATOM 72MC
(TMTIOBE 3HAYEHHA), MOKUM HE CTaOUIBYEThCS Hampyra >KUBJICHHS. Y OUIBIIOCTI
nonarkiB 11 GyHKIli MIKPOKOHTpOJIEpa TO3BOJISIOTh BUKIIOYUTHA 30BHIIIHI CXEMHU
CKUJIAHHSL.

Pexnm SLEEP NPU3HAYEHUI IS 3a0e31eyeHHs HaJHU3HEKOTO
eHeprocnokuBaHHs. MIKpokoHTposep Moxke BuiTH 3 pexkumy SLEEP no curnamy
30BHIIIHHOTO CKHUIAHHS, IO TMEPEIOBHEHHIO CTOPOXKOBOrO TaiiMepa abo mpu
BUHUKHEHHI IEPEPUBAHb.

Bubip pexuMmy poOOTH TaKTOBOrO T'eHEparopa JJ03BOJISIE BHKOPHUCTOBYBATH
MIKPOKOHTpOJIEpU B p3HUX JojaTkax. Pexxum TakroBoro reHeparopa RC mo3Bossie
3MEHIIUTU BapTICTh TPUCTPOI, a pexkuM LP 3HmuTH eHeprocmoxuBanHs. bitu
KOH(Irypaiii MIKPOKOHTpOJIEpa BUKOPHUCTOBYIOTHCA JJIsI BKAa3IBKU PEXKUMY HOTO
poboTH.

1.3 Onnc nepudepiiHUX NPUCTPOIB Ta podOTA 3 HUMHU

1.3.1 IlocainoBuuii ungposuii Tepmogasau T74

TC74 € cepiifHO HAOCTYMHUM LHQPPOBUM JATYMKOM TEMIEPATypH, KUK
O0COONMBO MIAXOAWTH IJISi HEJOPOTHX 1 Maimux ModarkiB. JlaHi mpo Temmeparypy
MIEPETBOPIOIOTHCS 3 BOYJJOBAHOTO TEPMOUYTIMBOTO €JIEeMEHTA 1 CTalOTh AOCTYITHUMH Y
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BUrisal 8-0iroBoro uugposoro ciosa. 3B's30k 3 TC74 3aiicHIOETHCS depe3 2-
NPOBITHUIN TOCHIMOBHUN TOPT, cyMicHUI 3 SMBus/[?C. Lo mmHy TakoXx MOXHa
BUKOPHCTOBYBATH JIJII MOHITOPUHTY KUTbKOX Touok/06araro 30H. bir SHDN B perictpi
CONFIG MokHa BUKOPHUCTOBYBATH JIsl aKTUBALli PEXUMY OYIKYBAHHS 3 HU3bKHUM
CHEPTOCMIOKMBAHHAM. [eMIeparypHa pO3IUIbHA 3JaTHICTH cTaHOBUTH 1°C.
[IIBuAKICT, TIEPETBOPEHHS CTAaHOBUTHL HOMIHATBHY 8§ BuOIipok/cek. Ilim wac
HOPMAaJIbHOI pOOOTH CTpYM CTIOKOI0 cTaHOBUTH 200 MKA (TumoBwmii). I1in wac po6oTu
B PEXHUMI OYIKYBaHHsS CTPYM CIIOKOIO CTaHOBUThb 5 MKA (TumnoBuii). Hepemuki
pO3MipH, HU3bKA BAPTICTh BCTAHOBJICHHS Ta MPOCTOTa BUKOpUCTaHHS pobiuste TC74
ImealbHIM BHOOPOM IS BHOPOBAHKCHHS TEPMOPETYJIOBAaHHS B PI3HOMAHITHUX
cUucTemMax.

TO-220 SOT-23
O SDA SCLK
[5] 4]
TC74
12345 TC74

. NC ——

NC GND Vpp

SCLKr:

M ‘wze

SDA
GND

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

Pucynok 1.2 — CtpykrypHa cxema T74

TexHuH1 XapaKTePUCTUKU:

TounicTh - HalBHIa (HaitHmk4a): £2°C (£3°C)
Oco0smBocTi: Pexum o4iKyBaHHS

Po6oua temmneparypa: -40°C ~ 125°C

Tun Buxoxny: I?*C/SMBus

PozninbHa 3natHICTh: 7 0

Temneparypa crpuiinsTrs - micuena: -40°C ~ 125°C
Tun narauka: nuppoBui, JOKaIHLHUN

YmoBu BunpoOyBanus: 25°C ~ 85°C (0°C ~ 125°C)
Hanpyra - xxuBnenns: 2,7 B~ 5,5 B

1.3.2 PinkoxkpucrtasivHi ajapaBiTHO-CUMBOJIbHI iHINKATOPH
PKI 13 3HakoCHMHTE3yIOUMM KOHTPOJIEPOM YacTO BHUKOPUCTOBYIOTHCS THpPHU
MIPOEKTYBaHHI IIU(PPOBUX MPUCTPOIB.
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PK - naHenb BL+

BL-

—— Vo
o1 Opaiisepu VCC
KoHTponep GND

A \
8L
\

DB0O-DB7 RS RW E
Pucynok 1.3 — Ctpykrypna cxema PKI

OcnoBoro PKI € Mmarpuiis 3 pigkux KpucTaB, OJAI0UH HANIPYTY HA €IIEMEHTH
SKOI MOJKHA '3aCBITUTH'" KpanKy Ha eKpaHi. MaTpuis CKIaJaeThbCs 13 3HAKOMICITh
(Haiiuactime 5*8 mikceniB), 3rpynoBaHUX y Kilbka psakiB. [lum kepye BOymoBaHmMiA
koHTposep PKI. B kepye mikcemsimu PK — nucruiero 1 iHTEppEHCHOIO 4aCTHHOIO
HIUKATOPY.

Pinkokpuctamuai  3HakormdpoBl  Tabio  HajlekXaTh A0  HAHOUIBII
PO3MOBCIOKEHUX THUIIB 1HAUKaTopiB. L1 Haukaropu 6yBatoTh 1,2,4 cTpiukoBUMHU. Y
ctpiuut 8, 12, 16, 20, 24, 40 cumBOJIB, KOXHHUHA 3 SIKMX (OPMYeThCA HIpUPTOM
dopmary 5*8 abo 5*11 mikcenis.

3aBaaHHA MIAKIIOYEHHS 3BOJIMTHBCS 1O OpTaHiaiii OoOMIHYy JaHUMHA MDK
MIKpOKOHTPOJIEPOM Ta BOYZIOBaHUM KOHTpoJiepoM. Hinkde rmokaszaHi Npukiaj CXeMu
MIKTIOYEHHS JIJI1 BOCBMHOITHOTO THTEpeEiicy.

[arepdetic mae BiciM iHpopmaniiinux niHid: DB7..DB0 1 Tpu kepyrounx: RS,
R/W, E. Jlinia RS BusHauae no sxoro perictpy koHrtposiepa PKI mum mparmemo
3BEPHYTHUCS, TOOTO SIKy HPOpMAaIIK0 MU MepeaaeMo - faHi abo komanau. Jlnis R/W
BU3Ha4Yae HampsMok mepenadi nanux - 3anuc y PKI abo uwranns 3 PKI. JlnHia E
BKJIIOYA€ (KOJM Ha JIHII BUCOKUM PIBEHb) a00 BUKIIOYAE (KOJU HA JIIHII HU3bKHUM
piBeHb) mepenady iHdopwmarli, chopMOBaHOI Ha IHIMX IHTEPPEHCHUX IIHIAX.
OcCHOBHI MapaMeTpyu HaBeJEH1 y TEXHIYHIN JiTeparypi.

Inimianizamis  PKI monsirae B mepemadi  JEKUIbKOX KOMaHJ Yy TEBHINA
nocaioBHOCTL. KimbKiCTh KOMaHA IHIMiadBBalii MoOe BIIPBHIATHCS B PI3HUX
koHTpoJsiepiB. Ilig wac iHumiamizamii kpame He aHaniByBatu mpamopenb BUSY, a
YeKaTh BU3HAYCHHUN Yac IMepe]l MOCHIKO0 HACTYIHOI KOMaHIN, TOMY IO Mparopelb
BCTAHOBJIIOETHCSI HE BiIpa3y, a MICJs MEBHOT KOMaHAW (AUB. Aatammr). [Himianizanis
PKI BUKOHY€TBhCS aHAJIOTIYHO SIK JIJIsl MapajielbHOTO IHTep(ency MiAKIIOUEHHS TaK 1
171 iocmigoBHoro (TimkmoueHast PKI mo 12C gu SPI).

Pi3auist Mok 8-O1rHuUM Ta 4-O1rHUM HTepdeiicoM MOJSrae JMIie B TOMY, IO
npu 4-OITHIA mepenadl JaHUX HEoOXimiHO mnogaBaTh curHanu RS, R/W sk s
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MOJIOAIIOI Tak 1 JJs crtapmoi Tterpaau. Komanau iHimianiamnii pod6otu PKI
3QJIMIIAIOTHCS O THAKOBUMH.

VY PKI € 2 Bunm nmam'sati: DDRAM, CGRAM (CGROM). DDRAM - display
data RAM (mam'ath nucriiest) - Te, IO 3alucaHe B I mam'sti, Oe3MmocepenHbo
BiloOpaxkaeTbcs Ha auciuiei. Llg mam'aTe Mae HAcTynmHUN agpecHUid MpOCTIp 1
BIATIOBITHE BimoOpakeHHs Ha auctuiei ( auB. Tabmrs 1.5 ):

Tobto, Te, mo 3amucane B DDRAM 3a anpecoro, Hampukiam, 42h, Oyme
BijoOpakarucs B TpeTid  MO3WINI  HA  JAPYroMy  PSAKY  JIUCILIES.

CGRAM (CGROM) - character generator RAM (ROM) - mnam'sTh
3HaKoreHepatopa. [lam'ste 3HaKoreHepaTopa po3aiiena Ha CGRAM - noctynHa miis
3aMuCy/4UTaHHs, CIOAM MOXHa 3amuTH 8 cBoix BiracHuX cumBojiiB 1 CGROM -
JIOCTYITHA TUTLKH JJIs1 YUTAHHS.

Tabmus 1.1 - Ctpykrypa PKI-gucnero

[lepumii psioox

Tloznmis
Kypcopy 1 2 3 4 5 6 7 8 9 10 11| 12 | 13 | 14 | 15| 16
DDRAM
address | 00h | O1h | O2h | O3h | 04h | 05h | O6h | O7h | 08h | O%h | OAh [ OBh [ OCh | ODh | OEh | OFh

JApyrunii psigok

Tlo3nmis

PPl 2| 3| 45| 6| 7| 8|9 |10|11|12]|13| 14|15/ 16

DDRAM
address | 00h | 01h | 02h | 03h | 04h | 05h | 06h | O7h | 08h | 0% | OAh | OBh | OCh | ODh | OEh | OFh

1.3.3 OcobauBocTi npoTokosay SPI

[Mocmigosuuii nepudepitinuii intepdeiic (Serial Peripheral Interface - SPI)
3a0e31neuye BUCOKOIIBUAKICHUN CUHXPOHHUN OOMIH TaHUMU MDK MIKPOKOHTPOJIEPOM
1 nepudepiHUMU TPUCTPOSMH, a TAKOK MDK JACKUTbKOMa MIKPOKOHTpPOJIEpaMHU.

B SPI pexxumi MOXIJIMBI OJHOYACHUM CHHXPOHHUI MpuiioM 1 mepenada 8-
PO3PSAHUX AaHUX.

Pexxum Beqyuoro SPI. Benyunii moske HiliaaByBaTH nepeaady JaHUX y Oy/ib -
KU MOMEHT, OCKUTbKHA BIH T€HEpY€ TAaKTOBHI CHUTHAJ, 1 BU3HAYa€, KOJIU BEICHUUN
MOBUHEH MEPEe/aT 1aHi BYINOBITHO 0 BUKOPHUCTOBYBAHOTO IPOTOKOIY.

Y pexuMi Beaydoro JaHl TEPEMAIOTHCS/TPUHHATI  MICHAA  IXHBOTO
sanucy/autanas 3 perictpa SSPBUF. Sxmo B SPI pexxumi moTpiOHO TUIBKH
npuitmaru naHi, BuBig SDO Moke 0yTu 3a010K0BaHul (HacTpoeHui sk Bxin). [aHi 3
BuBony SDI nmociinoBHO 3cyBatoThCs B pericTp SSPSR 13 BcTaHOBIEHOIO MIBUAKICTIO.
Koxuuii npwuitaatuii O6aiit 3aBaHTtaxyetbcs B perictp SSPBUF (sx HOpmansHO
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OoTpuMaHui OalT) 3 (OpMyBaHHSAM IEpepUBaHb 1 BIUIMBOM Ha BIANOBIAHI OITH
crarycy. Lsg ¢yHKIis Moke OyTr KOpHCHA TP peaii3aii "MoHITopa IImHA".
byap-sika HeOaxaHa (yHKIIISI MOCITIIOBHOTO MOpTa MOKe OYTH BHKIIIOUYEHA,
HAJIAIITOBYIOY M BIIMOBIAH1 O1TH pericTpiB HanpsiMKy Aanux TRIS. Hampuknan, sikino
B pexxumi Benydoro SPI BUKOHYyeThCs TUIBKM mepenada aanux, 1o Busoau SDI i -SS

MOXYTh BUKOPHUCTOBYBATHCS K ITU(POBI BUXOAU, CKHHYBIIH BinmoBiaHi 61tit TRIS B
‘0.

1.3.4 PoboTa 3 mpoTokoiom 12C

DS1307 mintpumye oOMiH manuMu 1o mpoTokoiy [2C mo aBompoBigHIN
NBOHanpapiieHi mmH1. [IpucTpiid, SKuil nepegae naHi HA LIMHY, € MepeaaBavyeM, a
NPUCTPIN, MpUAMAaIOUMil JaHi, - BIIMOBIIHO NpuiiMadeM. Benyuuil npuctpiii reHepye
cunxpoimmynscu (serial clock - SCL), kepye gocTynom A0 IIMHU 1 T€HEPYE YMOBU
START 1 STOP. DS1307 mpamroe Ha mMHI SK BeAeHUN mpuctpii. Tumosa

KOH(Irypaiiisi IMHU 3 BUKOPUCTaHHAM npoTokoiy [2C HaBenena Ha pucyHky 1.4.
' ! Vee

Rp Re
SDA *
[lyna [2C
scL I [
Mixkpo- [Hmmmit
KOHTpOJIEp DS1307 IPHCTPIH

Pucynoxk 1.4 - Tunosa kouirypariis 1eonposigHoi mmHu (12C)

DS1307 ma mocmimoBHIN IMMHI TIpaIfoe SK BeaeHWH mnpuctpid. JlocTym 10
HBOTO 3JIIHCHIOEThCS BCcTaHOBJCHHSIM yMoBH START 1 mepemadero MpuUCTPOIO
1meHTUdIKaIiHOro KOy, MICIIs SIKOTO MepelacThCs aapeca perictpy. 1o HacTymHOTO
3a 0OpaHUM PETiCTPOM JOCTYN 3IMNCHIOETHCS TIOCIITOBHO, TIOKM HEe Oyle BUKOHaHA
ymoBa STOP.

Hwxdye ommcano mporec mepenadi JaHUX MO JBOMPOBIAHIN 1mHI OCHOBHI
MPUHITUIH Tepenadi qanux mo mmHi [2C:

e [iepedadya JaHUX MOXKe OyTH IHIlOBaHA TUIBKM TOJi, KOJIA IIIMHA

BUIbHA;
e 111 yac repenadi gani Ha JiHI SDA M0XyTh 3MIHIOBaTHCH TUIBKH TOJII,
komu Ha mHI SCL HH3bKHMN piBeHb, IHAKIIE -  3MiHA JIAHUX

iHTepHpeTYBaTI/IMeTBCH, SIK CUT'HAJI KECPYBAHHA.
Taxkum YUHOM, MOJKJIMBI HaCTyrIHi CTaHH IIIMHMU
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«luna He 3aiHATa» —Ha JiHIIX SDA 1 SCL 30epiraeTbcsi BUCOKUM
pIBEHb;

«ITouarox mepenadi ganux» (ymoBa START) —3mina ctany minii SDA
3BUCOKOTO PIBHS Ha HU3BKWH, y Toil 4yac sk Ha mHI SCL BuCOKMIA
PIBEHbD;

«3aBepuieHHs nepenadi ganux» (ymona STOP) —3mina crany ninii SDA
3 HHU3BKOI'O pIBHS HAa BUCOKHUM, B TOW 4yac sik Ha JiHii SCL BuCOKHMIA
pIBCHB;

«KopexTHi mani» — ctan mHil SDA sBiIsse cO0010 KOPEKTHI JIaHi, SIKIIO
nicyist yMmoBU START cran miHii SDA He MIHS€TBCSI HA IPOTSI31 BUCOKOTO
pIBHSI TaKTOBOTO curHaimy. [laHl Ha JiHii MOBMHHI MIHSTHCS BIIPOJOBXK
nepiofy HU3BKOTO PIBHS TaKTOBOTO curHamy. Ha oawmn Oir maHumx
NPUXOJUTHCS OAMH TAKTOBUMN IMITYJIbC;

«IlinTBepKEHHA» — KOXKEH aIpecOBaHUN NPHNMAIOUUN MPUCTPId
3000B‘s3aHUN TeHEepyBaTH MIATBEP/KEHHS MICIsI NPUHOMY KOMXKHOTO
Oaifry. Benmyumii mnpuctpiii 3000B‘s3aHMII Te€HEpyBaTH JOJATKOBHIA
TaKTOBUH IMITYJIbC, SIKMI MPU3HAYCHUH JJ1s1 O1Ta MiATBEp IKSHHS.

Kosxna nepenava nanux HiiroeTbest yMoBoro START 1 3aBepryeThcsi yMOBOIO
STOP. KinbkicTe 0aiiTiB manux, mo nepeaatrotbesi Mbk ymoBamu START 1 STOP, ne

oOMexeHa

M00anTOBO,

1 BHU3HAYAETbCA BeAyyMM MNOpuUCTpoeM. [HpopMmalist mnepenaeTbes
1 KOXHHUH OalWT mnpwuiiMad MIATBEPKYE MAeB‘sSTHM Oirom (01T

ninrBepkeHas - ACK). B cnemudikamii 7Box mpoBimHOro iHTepdeicy BU3HAYEH]
3BUYAWHUN PeKUM (C TakTOBOIO yacToTor0 100 KI'M) 1 mBUAKUNA peXUM (C TAKTOBOIO
yactototo 400 kI'w). DS1307 npairtoe Tinbku B 3BudaitHoMy pexkumi (100 kI'm).

R/-W — Oir yuranns/3anuc abo OiT HanpsMy nepeaadi

Py

w0000 DD(:QH\W

']
1
ACK

]

]

CTapua 1

gﬂ AIPEC ola |
BEJOMOMD =

EA BUT !

RAM™ NOATREFHOEHKA :

]

I

I

! _.! - OT MPHEMHMKA
| CHMHAN

| TOOTBER¥EHWA
I

|

]

I

I

1

i

]

i

1

1

1

1

HATIPARIIEHWA CUTHAR .
1

1

1

1

OT MPHEMHIK !
1

1

ACK

Lo— .

YCNOBME YCNOBHE STOP
START NOBTOPAETCA, ECNK WNK MOBTOPEHUE

" NEPEQAETCR BONBLIEE o [ AH START
KONWYECTEO BARTOR YCTIOBIA STAR

Pucynoxk 1.5 - [lepenava qanux no qeoxuanpasieHid muH1 (12C)
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Jlng migTBEpAXKEHHS NpUoMYy MPUCTPIN Ma€ MIITATHYTA 10 HU3BKOTO PIBHS
aHIEFO SDA mimg dYac TakTOBOTO IMMOYJIbCY TaKUM YHHOM, 10O Ha miHil SDA
3aJTUINABCS CTA0UTbHUN HU3BKUN PIBEHb.

B 3anexxnocTi Bix ctany Oira R/-W MOJuB1 ABa TUIIK Tiepenayi JaHUX:

e qiepelaya JaHUX BII BEAy4Oro I€peraBaya 0 BEIEHOTO MpuiMaya.
(ITepumii OalT, SIKMM NEPENAETECA BEAYYUM, - L€ aJpeca BEIAEHOIO
MPUCTPOIO, 3 SKUM 3AIMCHIOBATUMEThCS OOMIH iH(popmartiero. Jami
nepenarTbea Oe3nocepenHbo OaiiT gaHuX. Benenwii moBeprae OiT
HIITBEPKEHHS MICJ KOXKHOTO MpUitHsATOrO Oaity. JlaH1 nepenarThbes,
MOYHMHAIOUH 3 cTapIioro Oira (most significant bit - MSB);

® JaHi MepemarThCs Bil BEACHOTO MepenaBada 10 BEIydoTo MpuiMava.
(ITepumit  Gaiit (ampec BEACHOTO) TeEpemacThCs BeaydnMm. Benenuit
nmoBepTae OIT MITBEP/HXKCHHSI, a 32 HUM TIE€BHY KUIbKICTh OQWMTIB JTaHMX.
Beayuuii nmoBepTae OIT MIATBEPKEHHS MICIS BCIX MPUNHATUX OAlTIB,
KpIM OCTaHHBOTO. B KiHII1 OCTAaHHBOTO MPUHHATOrO 0ANTY MOBEPTAETHCS
"me minTBepmkeHo" (NACK). Beayuuit mnpuctpiii reHepye Bci
MOCIA0BHI CUHXpOIMITYJIbCcH, a Takok yYMOBH START 1 STOP. Ilepenaua
3aBepuryeTbcsi yMoBoro STOP abo moBTopom ymoBu START. Tak sik
noBTop ymoBH START Takox € mMOYaTKOM HACTYMHOI TOCIITOBHOI
nepenayi, TO B TakOMy BHIAJKy IIMHA HE BHBUIbHSA€ThCA. JlaHi
nepelaloThCs, MOYMHAIOYH 3 CTapILIOTo OITy).

DS1307 moke mparroBaTi B HACTYITHHUX JIBOX PEXKUMAX:

® DPEXUM BelleHOTro npuitMada(pexum 3anucy DS1307);

® DPEXKHUM BEAy4Oro nepenasada (pexxuM untadis DS1307).

VY pexumi BEIEHOro MpuiiMadya TOCHIIOBHI JaHl mpuiMaroTbess mo SDA 1
CHHXpOHBy}OTbC}I no SCL. Ilicnst k0KHOTO HpI/II/IH}ITOFO OaiTy nepeacThCs oir
ninreepkeHss. YmoBu START 1 STOP po3niBHaioThCsS K MOYATOK 1 KIHEIb
NOCHIIOBHOI mepenadi. Po3miBHaBaHHA aapecu BUKOHYETHCA armapaTHO — IMICIsS
IPHUHOMY aJpecH BEIECHOTO i0iTa HampsAMy mepeaadi (IuB. puCyHOK 1.6).

<&gpec segomaro> <RAN= =Cnoeo anpeca (n)= <Nawmuie (n)= <[laHHble (n+1)= <[lanmele (n+ k)=

S 1101000 [ 0 | A | X000 | A | XOOO00XXXX | A | XXXXKXXX | A | XOOKXXKX

Agpec = DOh ((

)

Nepenasaemele QaHHLE

S -ycnoswe START  A-noateepigenve P -ycnosue STOP (X+1 EailTOR + NOATREPIAZHNE)

Pucynok 1.6- Pexxum Benenoro npuiimaua(pexum 3anucy DS1307).

Y pexumi Beaydoro mnepenaBada (pexkum uyutaHHs DS1307) nepumit  OailT
MPUHAMAETHCS 1 OMPAIbOBYETHCS TaK CaMo, K 1 B pEKUMI1 BEACHOTO MpuitMada. Aje B
JaHOMY peXuMI O1T HampsiMy Oyaie BKa3zyBaTH, IO HAIPSM Mepenadl MpoTHUICKHUI.
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DS1307 nepenae nocaigoBHi fani no jiHii SDA moku Ha niHito SCL Hagxoasth
nocaigoBHl iMyibcu. YMoBu START 1 STOP po3nidHaroThCsi B moYarky 1 B KiHITI
HOCJIIOBHOI mepenadi (IuB. pucyHok 1.7).

<Agpec BenoMaro= <R =[laHHBIE (n)= <[JaHnblg (n+1)= =[lakHsle (n+2)= =[lakHele (n+X}=

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

Agpec =Dih Jrjr
MepejaBaeMee faHHkLIe
S - yenoswe START P - ycnosue STOP [X+1 GaiiTom + noATEEpMAEHNE)
TIpMMEY aHHE: NoCNEAHUA GainT fauHHLIx

A - NOATBEPKAGHUE A -"HEMOATBEpKAEHHE" CONDOROKAAETCA "HeNGRTREpMABHHEN | |

Pucynok 1.7 -Pexxum Beaydoro nepenasaya (pexxum untanns DS1307)

baiit anpecunepumi OaiiT, skuii npuiiMaetbea micast ymoBu START,
TEHEPYEThCA BEAyYMM NPUCTpOoeM. balt ampecu (opmyeTbes 3 7-0iTHOT ampecH
DS1307, sxa BigmoBigae mochiimoBHocTi 1101000, 1 HacTtymHoro Oira HampsMmy
nepenadi (R/-W), sikuii qy1st unranus pisaui 1. [licas npuitomy 1 1ekoiyBaHHs Oaifta
aJipecH, IpUCTPii BUJAE MATBEPIKEHHS Ha JiH10 SDA.



18

2 MPOEKTYBAHHS EJEKTPUYHOI MPUHIUIIOBOI CXEMHU
2.1 Po3poOka cxemMu eJIeKTPUYHOI NPUHIMIIOBOI MiKPOKOHTPOJIepa

VY nmporeci npoekTyBaHHs OYAb-IKOTO MPUCTPOIO, POPMYETHCS HAOIP TEXHIYHOT
JOKYMEHTAIlii 10 IhOMY TPUCTPOIO. B TeXHIUHIA JOKyMEHTaIlli OIMHCYETHCS
napameTpu, podoTa MPUCTPOI0, HEOOXITHI JIJISI BUTOTOBJICHHS! KOMIIOHEHTH Ta METOIH
13aco0u HamaroKeHHs QYHKIIOHATLHUX MOKJIMBOCTEH MPOEKTOBAHOTO MPUCTPOIO.

OnHuM 13 HAMBaXIMBINIMX PO3AUIIB TEXHIMHOI JIOKYMEHTAllll SIBISETHCS
MOTaHHS €IEKTPUIHOI MPUHITUTIOBOI CXEMH MPOEKTOBAHOTO MPHUCTPOIO.

Enextpuuna mnpuHIMIoBa cxema — 1€ TpadiHe 300pakeHHS OyH0BH
OpuUCTpor0 Ha (BUUHOMY piBHL JlaHa cxema BinoOpakae KUIBKICTh Ta THII
BUKOPUCTOBYBAaHMX Yy TMPHUCTPOi KOMIIOHEHTIB (PaAlOTEeXHIYHMX €JIEMEHTIB,
MIKpOCXeM, IHTep(EeHCHHX pO3‘€MIB, TOINO...) Ta iX B3AEMOJIIO OJWH 3 OJHUM.
[TigkmroueHHsT KOMIIOHEHTIB CXEMH OJIMH J0 OJHOT0 BIIOOpaKaeThbCsl MHIIMH. 3TTHO
i€l cxemMH BIIOYBa€eThCS PO3BEAEHHS JOPDKOK Ha IUIATl Y BIAMOBIIHOCTI O JHHINA
MIKTIOYEHHS, 300paXXEHUX HA CXEM1, Ta MOHTaX 1 Maiika €JIEeMEHTIB MPOEKTOBAHOTO
OPUCTPOIO. YC1 eNeMeHTH, 300pakeHI Ha eJEKTPUYHI MPHUHIMIIOBI CXeMli,
nianmucyrThes 3rimHo Bumor JICTY.

Konen enexTpuuHMil MPUCTPIA HE MOXE MpaioBaru 0e3 Kepena Hanpyru
xuBieHHs. [Ipuctpoi, mo noOynoBaHi Ha OCHOBI MIKPOKOHTpOJEpa, 1€ IU(pPOBi
npucTpoi. Jliama3oH Hampyru >KMBJCHHS AJI TaKUX MPUCTPOiB ckianae Big 1.5 mo
5.5B, a ctpym - nocTiiHui. 11 miAKIIOueHHs [IUPPOBUX MPUCTPOIB 10 Mepexi 2208
BUKOPHCTOBYIOTHCSA TpaHC(OPMATOPHI, IMITYJIbCHI, KOHJIEHCATOPHI OJIOKU >KUBJICHHS
ToO... JIo CKIlany HaMMpOCTINIOI CXEMH BXOJISITh: MOHIKYIOUHMA TpaHcopmaTop,
TIOMHUN MICT, €JICKTPOJITHYHI KOHJECHCATOpW Ta MIKpocxema cTalurizarii (auB.
pucyHok 2.1).

Trl

DD1

L7805
* o 5%

Pucynok 2.1- Cxema ctabutizailii >KUBJICHHS JIJIsl IU(GPOBUX MPUCTPOIB HA
OCHOBI1 MIKPOKOHTPOJIEPIB

~220W

KirouoBum enemeHToM B AaHiid cxeMi € ctabiniarop L7805. IcHye nBa Buau
crabuiizatopa 7805: 3 cTpymMOM HaBaHTaxeHHs 10 1A 1 ManonotyxkuHui 78LO05 3
ctpymMoM HaBaHTaxeHHs 10 0,1A. Kpim Hux € npoMmbkHuit Bapiant 78MO05 3 ctpymom
HaBaHTaxeHHA 710 0,5A.
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€muicte Cl Ha Bxoal cTaluiizaropa HEOOXIIHA UL 3TJIaJIKEHHS
BHCOKOYACTOTHUX 3aBaJl IMpH Tojadi BxiqHOi Hampyru. €muicts C2 Ha BUXOAl
cTabuti3aTopa 3a/1a€ CTAOUILHICTh HANIPYTH MPHU PI3KIMA 3MiH1 CTPYMY HaBaHTaKEHHS, a
TaKOK CYTTEBO 3HWXKYE aMIUNTyay myibcarid. J[ns #oro HopManbHOI poOOTH
Hafpyra Ha BXoJ11 NoBUHHA OyTH y niana3oHi 10-20 B.

st popmyBaHHS Hampyrd TaKOro PIBHSA BHUKOPHCTOBYETHCS OMHOGDA3ZHUMN
Tpancdopmartop Ta gioaHUI MIcT. i Toro, mob copmyBaTH HEOOXITH1 YMOBH JIJIS
po6otr MKC HeoOXimHO nepeadaunuTH JIKEPENo IMITYIbCIB CUHXPOHI3ALLI .

B wmikpokonTponepax cimeiictBa PIC16 mnepenbayeHo paekuibka THIIIB
redepartopis. s PIC16 xopucTyBau Moske 3amporpamyBatv JBa KOHQITypaIiiHux
o1t (FOSC1 1 FOSCO) ansa Bubopy oaHoro 13 yothphox pexxkumis: RC, LP, XT, HS.,
ne:

RC — reneparop na RC-nanij;

XT — cTanpapTHUN KBaplLIOBUM F'€HEPATOP;

HS — BuCOKOUYaCTOTHUH KBapIlOBUI TeHEpaTOP;

LP — Hu3bKOUACTOTHUI MaJIOi IOTY>KHOCTI T€HEPaTOP.

B pexumax XT, LP 1 HS go BuBoniz OSCI/CLKIN 1 OSC2/CLKOUT

MIKTFOYAETHCS KBApIOBHM 00 KEpaMIdHUN pe30HATOP.

DD1

1 rAZ RA1 8
—21RA3 RAO Z1

3 16 ||
—3{ras4  oscifte T T
__ 4 15 = MHz

RAS osc2|°— T ol
T Tegg vdd 24— y
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Pucynok 2.2 - Cxema TakTyBaHHsSI MIKpOKOHTpoOJIepa

JIis minKIIoYeHHsI pe30HaTopa BUKOPUCTOBYETHCSI THIIOBA CXeMa BUPOOHHUKA.
€MHICTh KOH/ICHCATOpIB MOBHUHHA OyTW B 1HTepBail Bin 15 o 22 nd, oauH BUBII
SKUX MIIKITIOYAETHCS IO PE30HATOPA, a IHIIHMHA 10 3eMJIL.

Y mpuctpoiB, moOyJOBaHUX Ha OCHOBI MIKPOKOHTPOJIEPIB MependadyeHuit
MEXaHI3M amapaTHOTO peceTyBaHHSA. Y MikpokoHTposepiB PIC16 BuBim, mio
NpU3HAYCHUN NJI1 pydyHOro mnepesanmycky HasuBaeTbesi /MCLR. AkTuBHMIA curHan
JUIsl CKWAaHHS — Iie curHai JjoriyHoro 0, mo nogaerbcs Ha BXxin /MCLR  mpu
HATUCKAaHH1 KHOTIKU S1.

st 3miaM TiporpaMuoTo 3abe3nedenHss MK BukopuctoByeThes po3‘em ICSP.
Januii po3‘em, SIK 1 OJTHOIMEHHMI MPOTOKOJ OOMIHY, T03BOJISIE 3MIHIOBAaTH poOOY1
napaMeTpu MIKpOKOHTpoJsiepa 0e3 BUIydeHHs Horo 13 npuctpoto. llpu npommBanHi
MikpokoHTposepa Ha HDKKY /MCLR nopaetscst curnan pisaeM 15B. Jlanuii curnan
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NO3HAYEHO Ha po3‘emi gk Vpp. 3aAlloeTbesi MEXaHBMY JOCTYIy JO0 IaM STl
MIKpOoKOHTposiepa. Jlani mepematothcss mo mHiI Data nHa BuBIm PGD
MIKpOKOHTposiepa, mpu mpoMy 3 miHii Clock po3‘emy ISCP mnocrtymae curnan
TakTyBaHHs. JlaHuii curnHan npwuiimaetbcs BuBojoM PGC MikpokoHTpojepa, Ta
BIITNIOBIIAE 3a KOPEKTHUM 3amuc mporpamu y MikpokoHTposep. Curnamm Vss 1 Vdd
3a0e3Meuyl0Th CTaHAapTHY HANpPYTy *KUBJIECHHS 151 MIKPOKOHTpOJiepa piBHeM +5B.

Ha enmexkTpwuHiii TPUHIIAIIOBIA CXEMI MOKa3aHO SK B3a€EMOJIIOTH PI3HI BY3JIH
MDK 00010 Ta SIKi KOMIIOHEHTH BHKOPHCTOBYIOTHCS IJISI TIOOYIOBH IMPOEKTOBAHOTO
OPUCTPOIO. 3TiTHO 13 II€I0 CXEMOK Y MOJABIIOMY (bopMyBaTHMeTbc;I TP UHITUIT
poOOTH yci€i cUCTeMH Ta IrOpUTM (PYHKIIIOHYBaHHS MIKPOKOHTpOJEepa, SIK
OCHOBHOTO BY3J1a KEpYBaHHSI.

[IpucTpoi BBENEHHSA/BUBEACHHS — 1€ PI3HOTO POy nepudepiiiHi MOy, sK1
MIIKITI0OYA0TECS 10 (YHKUIOHAIBHO 3aBEPILEHOr0 MPUCTPOIO JJisl  KepyBaHHS
po0OTOI0 IHOTO MPUCTPOIO Ta OTPUMAHHS iH(OPMAIIil PO BUKOHYBAaHI HUM (DYHKIIIi.
Hanpuknan, nis [1IK Takumu npuctposiMu € KiiaBiaTypa, MUIIKa (IPUCTPOi BBEICHHS )
Ta MOHITOP 1 TIpUHTEP (IPUCTPOi BUBEIACHHS ).

Jlyis  MIKpOKOHTPOJIEPHUX CHCTEM HOMEHKJIaTypa MPUCTPOIB BBEICHHS YU
BHUBEICHHS Jerio iHma. [IpucTposiMu BBOIYy KpiM KiaBiaTypH (KJIaBiaTypHOI MaTPHIIL)
MOXYTh Oy PI3HI TaTYUKU — TEIUIa, BOJIOT'OCTI, 3ara3oBaHocTi, [Y-maTduku, To1o. ..
B cBoto uepry npucTpoi BUBOJly TakoX HEe 00MexyroThcsi MoHiTopoM. s MKC e,
— SIK mpaBujio, — 3HaKocumBoJbHI abo rpadiuni PKI, CCI, akyctuuni enemeHtn
(Oinepw, AUHAMIKY), HABiAb 3BUYAlHI CBITIIO IO TH.

HaiimpocTimi 13 1MX NPUCTPOIB BBEACHHSI/BUBEJICHHS IHTETPYIOTHCS B
MPUCTPIA Ta MITKITIOYAIOTHCS 0€3M0CePeaHbO A0 MOPTIB MIKPOKOHTPOJIEpA, MPOTE € 1
TaKi, JJIsl MIKIFOYEHHS SIKUX BUKOPUCTOBYIOThCS IHTEP(EHUCHI PO3‘ €EMH.

IaTepdeiic — y MIKpOKOHTPOJIEPHIM TEXHINI — II¢ HaOIp MIPOBITHUKIB, SKI
BUKOPHUCTOBYIOTHCSl U1 TIAKIFOUEHHS 30BHIIIHBOT'O TPUCTPOIO BBOIY/BHBOIY Ta
3a0€3MeuyIoTh peali3alilo MPOTOKOYy Mepelnadi AaHuX. SIK mpaBWiIo, Taki Ipynu
NPOBIAHUKIB 00°‘€THIOIOTECS B MEXKax OJHOro po3‘emy. Hampukiaza, Ay 30BHIMIHIX
IpHUCTPOiB, sKi mpamoTs 10 USART/RS-232 npoTokoiy, rpymna MpOBIIHHKIB, sSKa
3abe3meuye 3BSI30K 13 MIKPOKOHTPOJIEPOM OCHOBHOTO TIPUCTPOIO TI0 IHOMY
MIPOTOKOJTY 00°€aHIOETRCS Y po3‘eM Triry D-SUBO.

HaBenena enekTpuyHa NPUHIMIIOBA cXeMa Mpalioe€ HACTYymHUM yuHOM. [licis
10/1a41 )KUBJIEHHS MIKPOKOHTPOJIEP MOKPOKOBO BUKOHYE MpOrpamy, LIO 3aKJajJeHa y
foro mam'siTe mporpam. Ilepimm eranom € IHIIIaa3aIlis TOPTIB MIKPOKOHTpOJIEpa Ta
Horo BOyJOBaHMX MOJYJIB. AKTUBYEThCA IHTEp(Eic 3B'S13Ky Ta BUKOHYETHCS OOMIH
JTAHUMH.
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Pucynok 2.3 - EnexktpuunHa npuHIUnona cxema poootu CuCTeMU KOHTPOJIIO
TeMIIepaTypu

Y

' D700

.0
g EAETETTE meLrvpp |
2 RBSPGC waiann |2
A
2 e, RALANI 2 —
Rl RAZANT [ — L
3 e PG RAMAND £
L5 iz RASTOCKT |*—
A Rasiss |-
2 rpaany REAANS
= yvaa RELANG
v HREMANT
- Riesie vaa
Rz | RS ‘
= Vs |
= OSCUCLKIN
L GSCYCLKOUT
2 ey ROWTTERI
SP1 L RevTION 18
= Blessn reziceen |17
B pcusol ROVSCKSCL 1S
2 k)
2 pnapses RDNPSED
2 pnapser CUTHEST] B
PIC16FET4
L8 8

Tabmuis 2.1 — Ilepenik eneMeHTIB eeKTPUYHOT MPUHIUIIOBOI CXEMH
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N2 T/11

Ha3Ba eiemenTa

IlozHauenus

Hominan

Tpancdopmarop

TR1

220B

Jlioguuii MicT

VDS1

D13A4

Perynstop Hanpyru

DD1

7805

KBapiiesi pezonaropu

71,72

AMI '

Konnencaropu

Cl, C2,C3,C4

15nd

Konnencarop

C5

100mMk D

Konnencarop

C6

10mkD

Pesuctopu

R1,R2, R3, R6

10xOm

Pesuctopu

R4, RS

5kOMm

| OO(N|O| O B~|WIN -

0

MikpOoKOHTpOJIepHU

DD2,DD3

PIC16F873,
PIC16F874

11

[udposuii TepmogaBay

IC1

T74
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12 2-psaxoBuit PKI LCD LMO16L
13 Knonka-nepemukau S1,52, S3, S4 SK1-53
14 Pene Rell 12B

15 ['eHeparop CHHYCOITHUX CUTHAJIIB Genl '

16 Jlamma Lal 12B

2.2 CtBopenns npoekty B cepenoBuii PROTEUS VSM

bitbuIicTh pagioaMaTopiB CTUKAIMCS 13 CUTYalli€l0, KOJU 3a OpakoMm AOCBITY
Yy MNPUCYTHICTh MOMWIOK Yy cXeml a0o X 3a IHIIMMU OOCTaBMHAMH, ICYBaIH
pamioeneKTpOHH1 KOMIIOHEHTH.

3'ssBuIIacs BeMM4Ye3Ha KUTbKICTh TTPOTPaM CUMYJISITOPIB, IO 3aMIHIOIOTh peabH1
pamiofeTani ¥ mpuiaanu, BIpTyalbHUMU MoAenIMu. CUMYISTOPH J103BOJIAIOTH, 03
30UpaHHsl PEATbHOTO MPHUCTPOIO, HAIArOJUTH POOOTY CXEMH, 3HAUTH TOMUIIKY,
OTpUMaHI Ha CTafii MPOEKTYBaHHS, 3HATU HEOOXIIH1 XapaKTEPUCTUKH M Oarato 4oro
imoro. Omxiero 3 Takux nporpam € PROTEUS VSM.

Proteus VSM cknanmaetses 3 aBoX camocTiiHux mnporpam ISIS ta ARES.
ARES 1ne TpacupyBaJbHHK JAPYKOBAaHMX IUIAT 3 MOJKJIMBICTIO CTBOPEHHS CBOiX
610mioTeKk. 3amyck mporpamu BinmOyBaeTbes 3 MeHo [lyck — Ilporpamu - Proteus 7
Professional - ISIS 7 Professional. [lpu 3amycky mporpamu 3'SBIISIETECS OCHOBHE
BiKHO Tiporpami ISIS 7 Professional.

HaiiOumbimii  mpocTip BiaBeneHuil min BikHO peaaryBanHs EDIT WINDOW.
Came B HBOMY BiZOYBalOThCSl BCl OCHOBHI MPOIECH CTBOPEHHS, peAaryBaHHS W
HAJIAro/KEHHS CXeMU TMPUCTPoro. JIIBopyd yropi MajgeHbKe BIKHO MOTEPETHBOTO
neperisiny Overview Window 3 Horo J0momMororo MokHa MepeMIIyBaTUCS 10 BIKHY
penaryBaHHs (KJIAarOuM JiBOIO KHOIMKOK MMIII IO BIKHY NOTIEPEIHBOTO MEPEriisiay,
MO>KHa TEpeMIllyBaTH BIKHO peJaryBaHHS 3a CXEMOIO, SIKIIO 3BUYAWHO cXeMa He
BMIIIa€Thesl 'y BIKHO). [lepeminryBati BIKHO penaryBaHHs 3a CXEMOIO MOXKHA IIIe
yrpuMytoun HatucHyTtoi kHomnky SHIFT Ta pyxaroum KypcopoMm Muill MO BIKHY
penaryBanHs. HabmxyBatu i BIQaiaTu cXeMy y BIKHI MOXkHa kKHomnkamu F6 it F7
a0o x xosiecoM mui, F5 nentpye cxemy y BikHi, a HatuckanHs F8 minranse po3mip
CXEMH IMiI-BIKHO pefaryBaHHsI.

et LRTTTLRD - 1515 Drafesiinal jDemes )

Fle Wew CR Lboey Tosdn Desgr Gph Source Debog Tomplate  Srsboe M
Tl FRSD Blale $ROR0 | o= fia ETEE Y DR = —~
=" =
= P
r
o [FlcEE
§ (rr— -+ D@
= EL
= =
& =
= r
- I F'I M| DEVICES |
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Pucynok 2.4 - OcnoBne BikHO nporpamu ISIS 7 Professional 1 BikHO
HONEPENHbOrO MEPErIIsaYy.
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[Tin BiKkHOM momepenHboro mneperisny 3HaxoauThes: Object Selector - crucok
0o0paHuX y 1€l MOMEHT KOMIIOHEHTIB, CUMBOJIIB i HIIMX €JEeMEHTIB. Buninenuit y
CIIUCKY 00'€KT BiHOOPaXKAETHCS Y BIKHI MOMIEPETHHOTO MEPETIIsiY.

Bci moxmmBi GyHkIii Ta iHCTpyMeHTH Proteus VSM noctynHi uepe3 rojioBHe
MEHIO, Y€pe3 MIKTOTPAMHU SIK1 3HAXOJAThCS Mii MEHIO 1 y JIBOMY KYyTI OCHOBHOTO
BIKHA Ta 4epe3 Tapsdl KIaBilli, K1 MOXYTh MEpENpU3HAYyBaTUCS KOPHCTYBAYeM.
BHM3y OCHOBHOro BIKHA PO3TaIlOBaHI: KHOIMKA OOEPTaHHS Ta PO3BOPOTY 00'€KTa
HABKOJIO CBOE€I OCl, MaHeNb KepyBaHHs IHTEPAKTUBHOIO CUMYJALIEID - BUIJIANAE SIK
marHitobponna i ¢ymkuii Taki x: IYCK , ITIOKPOKOBHUI PEXUM,
[MTAY3A,CTOIL.

L p SRR ' 1

O &t AODOT SHEET 1 P R T

PucyHok 2.5 - [lanenbs kepyBaHHSI IHTEPAKTUBHOIO CUMYJISIIELO.

CepenoBumie PROTEUS  Mae BenmmuesHy  OIOTIOTEKY — €JEKTPOHHHX
KOMITIOHEHTIB. Bcl eneMenTn nepedyBaroth y 010mioteni komnoHeHTiB. 1lo6 no Hei
noTpanuty nmoTpioHO neperT B pexkuM COMPONENT (koMMoHEHTH), HATHCHYBIIIN
BinnoBinHy niktorpamy P (Pick devices) a0o aBidi KJIAlHYBIIMA JIBOK KHOMKOIO B
noJii Bubopy kommnoHeHTiB Object Selector.

KoMmmoneHTn MokHa BUOMpATH MO KaTeropiix, Ta y CHHCKY. 300paskeHHS
KOMIIOHEHTa 3'SBUTUCS Yy BIKHI Tmonepeaasoro mneperisimy. Io6 po3micTuTH
KOMITIOHEHT Ha poO0oYOMYy T0JIl MOTPIOHO HABECTU KypCOp MHILI Ha MOTPIOHE MicIIe 1
KJIAI[HYTH JIIBOIO KHOMKOIO Muil. [1lo6 3’ €nHaTv BUBOIU KOMIIOHEHTIB TIPOBITHUKOM
NOTPIOHO MIABECTH KypCOp MHUIII JO BHUBOAY KOMIIOHEHTA, IMICJsS MOSIBU HAa BUBOJAL
KOMIIOHEHTA XPECTHKA IMOTPIOHO KJIAITHYTH JIBOIO KHOMIKOKO MHIII 1 MIIBECTH KYypCOp
MHUIII 0 BUBOAY IHIIIOTO KOMITIOHEHTA.

== Pick Devices E_‘@
Macka Pesynerares [B25] MpoctanTp CHenb
| YeTpoteTeo | Bufindorera | Ormcasss M PO HE BESpEHO LR NPOCheaT
Cnoeo uemronm 555 ANALOG Tirer/Dzcilaton
T ek caBA P 7EES AMALOG CMOS TimesDscilaton
TBIS AMALOG v Freed 14 Posilive Powes Supply Regudato
Rareroput | 7e0s ANALOG BV Feoed 15, Positive Powes Supply Regulaion  POB Mpacsaorp:
[Bee materopa] A TEOS AHALOG B Feeed 14 Posttive Powes Supply Fegulato
He hmlmutw TE0S AMALOG 9 Feoed 14 Positive Powes Supply Regulato
Arsdog FEID AMALOG TV Freed T4 Positive Power Supply Fegulst
Capacilors |z AMALOG 12V Fied 1 Positive Power Supply Regulat
CMOS 2000 senez TEIS AMHALOG 15V Fixed 14 Positive Power Supply Flegulat
Connectors e ANALOG TEY Freed 14 Pasitive Power Supply Flegulat “
Laplace Primilrves TEL24 AMALOG 24 Fried 100mA Positive Power Supply Fleg ‘
:’?‘:h-’“‘l‘:g_ 78540 AMAEOG 1.58 Univarsal Switching Feguistor Subsyste
M:"“B'mésm it 7905 AMALOG 5 Fizond 14 Negative Power Supply Flegula
st 7906 AMALOG €4 Feced 14 Megative Power Supply Flegulat
s 708 ANALOG 8V Froed 14 Negative Power Supply Regulsh 9
et ationsl Amhas 7909 ANALOG 9 Frosd 14 Negative Power Supply Flegulat L\
il s nenies o o AMALOG TOV Freed T Hegatiee Power Supply Reguls
7912 AMALOG 12V Fieed 1 Megative Power Supply Reguls
Tioaa ar e o 75 ANALOG 15 Froed 14, Hegatire Power Supply Reguls
e nigucartncopal. P 3913 AMNALOG TEY Fred 14 Negatiee Power Supply Feguls
Dl Ditvers T AHALOE &% B Mhienaim Revmavach firmis
iy FaL12 ANALDG 12 Fined 100mé Negative Pover Supply Re | | | prsesa
[FTEVRN PR TS ARNALOG 25V Freed 10Emé, Heoatve Power Suook Re

Pucynok 2.6 - bidmioTeka e1eKTpOHHNX KOMIIOHEHTIB.
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Jna toro, mo0 neperiasiHyTH poOoTy cxeMu, HeoOxinHui BuximHuid HEX-
daiin. Cepenosume PROTEUS nigtpumye 6araro 3aco6iB po3pooku, cepen Hux 1 HI-
TECH Ci xommumatrop 1 CROWHILL PIC BASIC 1 BASIC STAMP. Ilonepentso
HEX-daiin noBuHeH OyTM CTBOPEHMH 3 BHUKOPUCTAaHHSIM  CEpPEIOBUILEM
nporpamyBaHHs MIKpoKoHTpoJepiB Bix ¢pipmu MICROCHIP, a came MPLAB.

LCD1
LMOEL
L1
98 wz s s
255 TRw BEDBABES & 5
T - " _@_
B EEEEEEE
R1 Rz Ee e i
10K 10k
=) =)
o
T =3
uz2
SCLK fb
iy 135 | 5pn |2 1
@ @ U3
ToTA 22 oscucikm REOMNT
42 oscaicikout RE
U1 —L ] MCLRNpRTHY RE2
i 2 . RESIPGM
[] R3 R4 S OBCUCLEIN REOINT f—= —=—{ RaDaND R4
10K 10 ——1 Q8CACLKOUT RE1 —— RAAN RES
* 4 MCLRAVpRTHY RE2 —% + RAZIANZIVREF- REEPEC
REMPGM 22 —— RAWANGIVREF+ RETPGD
RAGIAND Re4 |22 £ RaaToCK!
RANANT Res |2 L 55 RCOTIOSOMICK
— ] RAZIANZIVREF- RBSPGC [—2L & RCUTI0SUCCR2
— RANANINVREF+ REVPGD [—— T RCACCPT
+ - = RaaTaCK) —= RCUSCHIECL
o — RASIANAISS RCNT1OSOITICHI f—= — RO&SOUEDA
RCITIOSICCPZ =it RCSSD0
RCICCPY fi RCBITXICK
o RCIBCHISCL RCHRMOT
@ @ RCASDISDA [—2
RCLEDD ROOIPSED
REBTHICH —F RDIPSP1
RGTIRKDT [—E ROZIPSPZ
o A — ROGIPSPI
- PICIEFETS RO4IPSPY
- ROBIPEPS
ROBIPSPE
ROTIPSPT
FICIEFBiA

Pucynox 2.7 - JlocnimxyBaHa cxema
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3 PO3POBKA ITPOI'PAMHOI'O 3ABE3ITEYEHHSA MKC
3.1 Po3podka aaroputmy ¢pynkunionyBanusa MKC

AJNTOpPUTM — 1€ MOCJIIOBHICTh, CHCTEMA, HA0Ip CHCTEMATH30BaHUX IPAaBUJ
BUKOHAHHS 00YHCIIIOBATILHOTO TMPOLIECY, 0 000B'S3KOBO MPUBOIUTH J0 PO3B'sI3aHHS
MEBHOTO KJACy 3aaad MICHsA CKIHYEHHOTro 4uuciia omepamiid. [lpuw  HanmcanHi
KOMIT'IOTEPHUX MPOTpaM ITOPUTM OIHUCYE JIOTTUHY MOCTIAOBHICTh omeparii. [{ns
BIBYAJIbHOT'O 300payKEHHS JITOPUTMIB BUKOPUCTOBYIOTH OJIOK-CXEMH.

brok-cxema — cxemarndHe 300paXeHHS MOCIITOBHOCTI Jii, CIIPSIMOBAaHUX Ha
JIOCSITHEHHSI CIUIbHOI METH Ta iX ocoOsmBocted. Po3ain mporpamu, y sIKOMY
BiIOYBA€THCS 3aHECEHHS 3HAYEHHS 3MIHHUX MOJAETHCS y BUTIEI Napajenorpama, B
SKOMY TIepepaxoBaHi iMeHa UX 3MIHHUX. Po31i1 mporpamu, y sikOMy BiTOyBa€eThbCs
BHKOHAHHS TIEBHOI Omepallii moaeThes y popMi MPSIMOKYTHUKA, a PO3AUT MEPEBIPKU
yMoBU — y (opMmi pomOa. KpiM TOro MOKyTb BHUKOPHCTOBYBATHUCH PO3JUIM, SIKI
MOBTOPIOIOTh TEBHUM HAOIp KOMAaHJ JJii IHIIOTO aHAJIOTIYHOrO BHUIAAKY. Taki
pPO3JUTM HA3MBAIOTh OJOKOM PIEHTUYHUX OIepalii Ta 300paxyloTh Yy BUIUIIAL
mecTUKyTHHKA. [lle omuH po3ail, MmO € MOMMPEHWM Yy TMporpaMax — Iie PO3JIUT
BUKOHAHHS MiANporpaMu. 300paxyeTbcsi BiH y (opMi MPSMOKYTHHKA 13 JBOMA
BEPTUKAJIHbHIUMH CMYTaMH T0 KpasixX (Girypu Ta 3anucom Y HEOMY Ha3BH nmnporpaMH

Koxen anroputm € cnuckoMm 100pe BU3HAUEHUX HCTPYKIINA SIS PO3B'sI3aHHS
3anayvl. [louynHarouu 3 MOYATKOBOTO CTaHY, ]HCTPYKHII ITOPUTMY OIHCYIOTh MPOLIEC
oO4YuCIIeHHs, sKI BiIOYBalOTbCS Yepe3 TMOCIIIOBHICT, CTaHIB, $Ki, 3pEIITOIO,
3aBEPIIYIOTHCS KIHIIEBUM CTAHOM.

[lpyHumnu noOyAOBH NPOrPaMHOIO 3a0€3MEYEHHS TOYHO Takl XK, fAK 1
arapaTHOi YaCTHHH: CTBOPEHHS KIHIICBOTO MPOIYKTY 3 TOTOBUX OJIOKIB - IMAIIPOTPaM.
Akio Bco poOOTy IporpamMu poO3MICTUTH Yy BEKTOpax MepepuBaHb, TO OCHOBHHUMN
JIOJIaTOK HISK HE BiqUye€ BUKOHAHHS (parMeHTIB CyCigHIX miamporpaM. ['ojoBHe
BU3HAYUTH MO>KIJIMBOCTI aniapaTHOl YaCTHUHHU.

[IporpamMue 3a0e3reyeHHs MIKPOKOHTpOJepa HeoOXigHO OyayBaTd 3
MaKCUMAILHUM BHUKOpHUCTaHHAM mepudepii. [lpu mpomy sapo HE BUKOHYBaTHME
0e3J1141 pyTUHHUX OIeparlii.

[Ticns BKIIOYEHHS JKUBJICHHS CEpBICHA IMporpama IOYHHAE MPOBOIUTU
Himarkaniro. Ha mnodarky mnporpaMu NPUKPILTIOETBCS — hailr 0100 TEeKH
MIKpOKOHTpOJIEpa, MICJS YOro OTOJIOIIYIOTHCS OITHM MOPTIB 1 PEricTpy Ham'sTi, sKi
BUKOPHUCTOBYIOTBCA B Tporpami. MIKpOKOHTpoOJIEp Ma€ BUIbHI JJIsI BUKOPUCTAHHS
KOMIPKH Iam'AT1 1, 100 P KOKHOMY 3BEPHEHHI O IEBHOI KOMIPKHU HE OMUCYBATH ii
azipecy, Ta moJiermmty (opMyBaHHS MPOTPAMU - TPUCBOIOETHCS 111 Ha3Ba.

V HOHATTS HIIAI3aI1l BXOIUTh:
® TPUCBOEHHS MOYATKOBUX 3HAYEHb BCIM 3MIHHUM MPOTPaAMU;
® HaJAINTYBaHHS BCIX BHYTPIIIHIX CUCTEM MIKPOKOHTPOJIEPA;
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® BITHOBJICHHS PEXUMIB POOOTH CHUCTEMH, BCTAHOBJICHUX y TOMEPEIHBOMY CEaHCi
poOOTH IUIIXOM 3YUTYBaHHS BIINOBIAHUX napamerpiB 3 EEPROM-nam'siTi;

® BUKOHAHHS MIANpOTpaM, NMPHU3HAYCHUX MJI1 HAJAIITyBaHHS BCiX mepudepiiHux
MOJTYJIIB y BUXITHUHN CTaH;

® BUKOHAHHS MIANPOTpaMH 3aMyCKy CUCTEMHHX JHYMIbHUKIB-TaMEPIB 1 MEXaHIBMY
nepepruBaHb MIKPOKOHTPOJIEpA.

JIns BUKOPUCTAHHA y MPOTpaMi KOHCTAHT 1 3MIHHUX HEOOXITHO iX MONepEeIHbO
onucatd Ta orojocuTd. KoHcTaHTa - 1€ NpPOCTO JEAKEe YHUCIO, L0 YacTo
BHUKOPHUCTOBYETHCS B IPOTPaMi, 1 Ma€ TIEBHUM 3MICT.

KpiM KOHCTaHT, sKi, BIUIMOBITHO JO CBO€I Ha3BH, MPOTITOM YyChOr0 Yacy
poOOTH MpOoTpaMu HIKOJIM HE MIHAIOTHCS, y MPOTpami iICHYI0Th 3MiHH1. [1in 3MiHHOIO B
nporpami po3ymitoTh IM'st perictpa, ado aapecy KOMIPKMA TMam'sTi, J€ B MpoIieci
BUKOHAHHS MporpamMu Oye THMYacoBO 30epiraTucs 3a3falieriib HeBiTOMa BEJIMUHHA,
a00 MPOMDKHUN pe3yJbTaT O0YUCIICHD.

Din  JlouaTtox
( g o ) Dout [loyarok

UELELLIA RIS ATRNSE MR IHILIAJI3ALS MK
Ha.1alIIT1)'R&tHHﬂ MOPTIE HAJTAMITYBAHHS NOPTIiB
MSSP SP1, 12C MSSP SPI
y OTpaMaHHA JaHHX
OTpumanna Ta 3 Ul wa U2
3AMHC Y 3MIHHY
nani3 T74
Y
¢ IMigroroBka JaHuX
111 BHBEIEHHA HA
BeravoBiiennn 2-paawosuii PKI

rpaHHlb 33 J0IOMOI0K
KHONOK

A

\ Beranoraennn pene
Y BiANORIAHE
MOJIOKEHHA

IMepegayua paunx
Ha U2

Pucynok 3.1 - briok-cxemu pob6ot CUCTEMH KOHTPOJIIO TEMIIEpaTypH



27

3.2 KoudirypyBanusi npuctpoio 3 Bukopuctanusm qupektusn _CONFIG

CimeiictBo MikpokoHTpoJiepiB PIC16 mae Habip cneuianbHuX (QYHKIIH,
NPU3HAYEHUX U1 PO3IIMPEHHS MOXJIMBOCTEH CHUCTEMH, MIHIMI3allli BapTOCTI,
BUKJIIOUEHHS HaBICHUX KOMIIOHEHTIB, 3a0e31eyeHHs MIHIMAJILHOTO
CHEPTOCIIOKMBAHHS 1 3aXUCTy Koay Bin 3umTyBaHHi. B PIC16 peam3oBani HacTymHi
CrieliaTbH1 PYHKIII :

BUOIp TUITy T€HEPaTOpa;

CKHJIaHHS,

cXeMa CKUJAaHHS 10 BKIFOUEHHIO KUBJICHHS ;

taiimep ckunanns (DRT);

crtopoxoBuii Taiimep (WDT)

pEXUM MOHMKEHOTo eHeprocnoxuBaHHs (SLEEP);

3aXUCT KOy Bl 3UMTYBaHHS;

O1tn imeHTudIKarii.

B perictpi KoH}Irypaiii onucyroThest 01T KOHPIrypailii, B Kl BXOASTh:
01T 3aXUCTy

01T 103BOJTy pOoOOTH TaliMepa BKIIFOUCHHS KUBJICHHS

01T 103BOJTy poOOTH CTOPOIKOBOTO Taiimepa

BUOIp TUITy reHepaTopa

bitn koHbirypartii 3agatoTecs 3a gonomororo aupektusu _ CONFIG.
@parMeHT 3aroJioBKy IpHU HalMCaHHs nmporpamu 11t MikpokoHTposepa PIC16F689 3
BUKOpHUCTaHHSIM MOBH C:

#include <pic.h>

__ CONFIG(FOSC_HS&WDTE_OFF&PWRTE_OFF&CP_OFF&BOREN_O
FF&LVP_OFF&CPD_OFF&WRT_OFF&DEBUG _OFF);

@parMeHT 3aroJIoBKy MpH HAIMCAHHS MPOTPaMU JIJI1 MIKpOKOHTpOJIepa
PIC16F884 3 Bukopuctanusim MoBu C:

__ CONFIG(FOSC_HS& WDTE_OFF& PWRTE_OFF& CP_OFF&
BOREN_OFF& LVP_OFF& CPD_OFF& WRT_OFF&);

3.3 HanmucaHHA Kepyo4oi nporpamMm 1Jisi MikKpOKOHTpoJiepa

[licnst BKIIOUEHHS JKUBJEHHA CEpPBICHA MpoOrpaMa MOYMHAE MPOBOJUTH
HimlanBaniro naHux. Ha mowaTky mporpamu NpUKpILIOETbCA (ain  010y10TeKn
MIKpOKOHTpOJIEpa, IICJIS YOro OTOJIOIIYIOTHCS OITH MOPTIB 1 PEriCTpH IMaM'sITi, SKi
BUKOPHUCTOBYIOTBCA B Tmporpami. JlaHuii TN MIKPOKOHTpOJEpa Mae€ BUIbH1 IS
BUKOPHCTAHHS KOMIPKHU MaM'sITi 1, OO MPU KOKHOMY 3BEPHEHHI 10 NIEBHOI KOMIPKH
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HE OMKCYBATH ii aJipecy, Ta MOJErmMTH (OPMYBAHHS MPOrpPaMu - MPUCBOIOETHCS 11
Ha3Ba.
V noHATTS HIiaI3aIl BXOIUTh:
® TPUCBOEHHS MOYATKOBUX 3HAYEHb BCIM 3MIHHUM IPOTPaMH;
® HaJAITyBaHHS BCIX BHYTPIIIHIX CUCTEM MIKPOKOHTPOJIEPA;
® BIJHOBJICHHS PEXUMIB POOOTH CHUCTEMH, BCTAHOBJICHUX Y TONEPEIHHOMY
ceaHcl poOOTH LUIAXOM 3YUTYBAHHSA BIIMOBIIHUX MapaMeTpiB 13 (piem-nam'saTi;
® BUKOHAHHS MIANPOTpaM, TMPU3HAYEHUX MJII YCTAHOBKH BCIX TepudepiitHux
MIPUCTPOIB CXEMH TMO3UINIOHEpAa Y BUXITHUA CTaH (OYHUINCHHS IHIWKATOPIB,
MITBEPHKEHHS] KOMaHW 3YITUHKY JIBUT'YHA TOIIIO... );
® BUKOHAHHS MIINPOrpaMU 3allyCKy CHUCTEMHHUX JIYWIbHUKIB-TaliMEpIB 1

MEXaH1BMY TIepepUBaHb MIKPOKOHTPOJIEpa.

KpiM KOHCTaHT, 5Ki, BIAMOBIAHO 10 CBO€i HAa3BH, MPOTATOM YCHOTO Hacy
po0OTH TIpOoTpaMH HIKOJIM HE MIHSIOTHCS, Y TIpoTpaMi ICHYrOTh 3MiHHI1. [1i1 3MiHHOTO B
nporpami po3yMieTbCsl iM's perictpa, abo agpeca KOMIPKM Ham'sTi, e B MpOILeci
BUKOHAHHS MporpamMu Oyje TUMYacoBO 30epiraTucs 3a3najieriap HeBlIOMa BEIMYMHA,
a00 MPOMDKHUIN pe3yabTaT O0YHUCIICHb.

[Ticns BUKOHAHHS MOAYJIS IHIIaTi3allii MporpaMa MmepexoauTh 10 OCHOBHOTO
UK. Y IbOMY UK Tporpama rnepedyBae yBeCh yac, MOKH BKIFOYEHE KUBJICHHS.

[lepiioro 4aCTHHOIO HAIIOTO TPOEKTY OYyJ0 HAIMMCAHHS TEKCTY MPOrpaMul JJIs
MEPIIOTO MIKPOKOHTpPOJIEpPa, 0 BUKOHYE (DYHKIIIO OJEp>KaHHS JaHUX 3 MPHCTPOIO
T74 Ta BCTaHOBJICHHS TPAHWYHKMX 3HAYCHB, a TAKOK OOPOOKY Ta mepenady JaHuX Ha
npyruii MK.

HaBenenuii Hmwkue MOAyJdb MporpamMy 3AIMCHIOE IHIIATBAI0 TOPTIB
mikpokontposepa PIC16F873 monyns SPI ta 12C:

#include "MK _init.h"

Il---- omic QYHKILI ------------==-=-------

void MK _init(void)

{

/I--HanaurryBanus nopris--//

TRISA=0b00000011;//1 Ta 2 BuUBOAM - II¢ BUBOAM, $Ki BCTAHOBJIIOIOTH TPAHHUIN 3a
JOIIOMOI'OI0 KHOIIOK

TRISB=0b00100011;//1 Ta 2 BUBOaH - OTpUMaHHS qaHuX 3 T74, 6 - kepyrounii BuBig SPI

TRISC=0b00101000;/*4 Ta 6 BUBOIM - 11 BUBOJM Tepeiadi JaHUX 3a MpoTokosioM SPI */

f----=-=-- MSSP SPI -----------

/I--- SSPSTAT

SMP=0;// onuTyBaHHSs BXOIy B CEpEIUH 1 IIEPiOy BUBECIACHHS TaHUX

CKE=0;// Bubip (GpoHTY TAaKTOBOTO CHTHAIy, JaHi MEPeaatoThCs MO 33aAHBOMY (POHTY
curHainy Ha BuBig SCK

/I--- SSPCON1

CKP=0;// naninepenaroTbcs o 33 HLOMY PpOHTY curHany Ha Bubin SCK

I Pesxxum pobotu momyist MSSP:

Il Bemyuuii pexxum SPI, TakroBuii curnan = Fosc/4



SSPM3=0;
SSPM2=0;
SSPM1=0;
SSPMO0=0;
SSPEN=1;
GIE=0;

e MSSP 12C ------=m e e -
SSPADD=9;
SMP=1;
CKE=0;
SSPCON2=0;

SSPM3=1;

SSPM2=0;

SSPM1=0;

SSPMO0=0;

SSPEN=1;
}

[Ticns Hiianizamii MU BUKOHYEMO HaMCaHHS Kepylouoinporpamu y ¢aiiini main.c :

#include "MK _init.h"//minkmouaemo daiin Hirianizamii MK
#include "12C_p. h "//Ta ¢aiin mporpamuoi peaizaii mpotokony 12C

[Hanaemo HammMM KHOIIKaM 3MIHHI, JUTS 3p YYHIIIOTO HAITMCAHHSI IPOTPAMH
#define Inc RAO //kHomKa 30 UTbIIIEHHS 3HAYEHHS
#define Dec RA1 //kHOIKA 3MEH NIEHH S 3HAYECHHA

/I---- orosoreHHs MO0 ATBHUX 3MIHHH X ------
unsigned char T;// 3minHa s 3anucy Temneparypu y nam’ b MK
unsigned char gran;//3aminHa 115t BCTAHOBJIEHHS TPAHUYHOTH 3HAYCHHS
/I---- Oromnomyemo (QYHKITIFO [ epeaadi qJanux Ha Apyruid MK -----------------
void spi_trans(unsigned char dat);
/l---- onmc PYHKITHH -----=---=- === === =-----
void spi_trans(unsigned char dat)

{

RB5=0;
SSPBUF=dat;
while(BF==0){}
BF=0;

RB5=1;

}

/l---- OCHOBHA TTPOIPAMA -------nnzemmmm -
void main(void)

MK _init();//dbyrxuia inimianizamnii MK
/I-- mporpamua peanizaris 12C ----------

29
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i2c_start_p();
i2c_trans_p(0b10011010); //1001101* - A5 (tranceive)
i2c_trans_p(0x01); /I CONFIG-reg
i2c_trans_p(0b01000000); /I 3arryck korBepraitii ADC
i2c_stop_p();
__delay_ms(200);

f---—-—- YUTAHHS PE3y/IbTaTIB BUMIPIOBAHHS -----------
i2c_start_p();
i2c_trans_p(0b10011010); //1001101* - A5
i2c_trans_p(0x00); [ITEMP-reg
i2c_start2_p(); /I moBropuuii CTAPT
i2c_trans_p(0b10011011); /l3mina nHanpsmy 1001101+1 (receive)

T=12c_recieve nack p();// untanus iHdopmarlliiiHoro 6ailTy Temneparypu
i2c_stop_p();

I[Ticnss TOTO, K MU OTPUMAHM Ta 3aMHMCAIN JaHi MPO TEMIIEpaTypy, MOXKHA TepenaTu IaHy
1 popmarito Ha npyruit MK 3a normomororo nponucanoi GyHKIii IPOTOKONY:
spi_trans(T);
while(1) {

B nanomy nukini Mu 6yaeMo peanizoByBaTH poOOTY KHOTIOK:

Il pys KIS 17151 0OPOOKH KHOIKH 30 UThIICHHS TPAHUYHOTO 3HAYCHHS:
if(Inc==0)
{
while(Inc==0){} //ouikyBaHHS BiATHCKAHHS KHOIIKH
gran ++;//iHKpeMeHTAaIl is 3HAUCHHS
spi_trans(gran);//mepenanus oaep:kaHOro 3HaYCHHS Ha Apyruit MK

/l pys kIt 1715t 0OpOOKH KHOIKK 3MEH [IICHHS TPAHHYHOTO 3HAYCHHS:
if(Dec==0)

while(Dec==0){} //ouikyBaHHS BiITHCKAHHS KHOITKHA
gran --;// nekpemeHTalL it 3HAYECHHS
spi_trans(gran); //mepenanus oxep)kaHoro 3HaYeHHs Ha aApyruit MK

ks
¥

Jlpyroro 4acTMHOIO HAINOTO MPOEKTY OyJI0 HAmUCaHHSA TEKCTY MpOoTpamMH Ui APYroro
MIKpOKOHTpOJIEpa, 10 BUKOHYE (PYHKI[iFO oepkaHHs naHu X 3 nepmoro MK ta BUBOAUTH OTpUMaHi
naniHa 2-psakoBuii PKI.

HaBenenuii HMX4Ye MOIyNIb MPOTpPaMU 3AIMCHIOE IHIIIATI3allf0 MOPTIB MIKPOKOHTpOJIEpa
PIC16F874 ta momyns SPI:

#include "MK _init.h"

/l---- omuC QYHKILI --------=-==-==--=-----

void MK _init(void)



31

{

/I--HanaurryBanHs noptis--//

TRISAS5=0;//BuBin kepyBaHHs mpoTokory SPI

TRISB=0; //mopt BuBeaeHHs iH popmarrii Ha PKI

TRISC=0b00011000;// mepuri 3 BuBoam - 1e kepyroui BuBoau PKI, a 4 Ta 5 BUBOAM
oJiepKaHHs JaHuX 3 nepmoro MK

TRISD0=0;//BuBin xepyBaHHs pene

HactymHauii ¢pparmeHT Koy 3A1CHIOE H iTiani3alito perictpis moayis SPI:

Jl-========== MSSP SP| -----eeoemomecmaeun

II--- SSPSTAT

SMP=0;// onuTyBaHHs BXOJy B CEPEIUH 1 IEPIOY BUBEACHHS JaHUX

CKE=0;// Bubip ¢poHTY TaKTOBOTO CHUTHANy, JaHi MEPEHAIOThCS 1O 33JHBOMY (QPOHTY
curHany Ha BuBin SCK

/I--- SSPCON1

CKP=0;// naninepenarotbcs 1o 3aqHpOMY (HpOHTY curHany Ha BuBin SCK

I Pesxxum pobotu monyist MSSP:

Il Benennii pexxum SPI, TakroBuii curaan = Fosc/4

SSPM3=0;
SSPM2=1;
SSPM1=0;
SSPMO0=0;
SSPEN=1,;
GIE=0;

RS=0;

RW=0;

E=0;

}

[Ticns Himianizamii Mu 311CHYEMO HaIMCaHHSI Kepyro4oi mporpamu y ¢aiii main.c :
lloromonyemo Ta onucyeMo QyHKII ik puiioMy AaHux Bif nepmoro MK 3a TaHUM MPOTOKOIOM :
unsigned char spi_receive(void);
/l---- onmc QYHKITIH ----------- === === =-----
unsigned char spi_receive(void)

{
while(BF==0){}
return SSPBUF;
}
void main(void) {
MK _init(); // ¢pyr ks iminianizaunii MK
lcd_init(); /by ks minianiawii PKI

/TInmemMo 3aroTOBKY JJIsi BUBECHHS 3HaYeHb Ha ekpani PKI:
lcd_str("rele - );

lcd_pos(0,1);

lcd_str("T= C");

/[BukOoHYEMO 3unMTyBaHHS AaHuX 3 mepinoro MK, a came remneparypu 3 T74:
T=spi_receive ();
gran=spi_receive ();
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while(1) {

[HactymHuii ¢pparMeHT 311iiICHIOE BUBECHHS OTpuMaHuX naHux Ha PKI:

//BI/ISHa‘IeHHSI T'PaHUYHOI'O0 3HAYCHH 10 SAKOI'0 HAIlC pClIc 6yI[e 3AJINIIAaTUCHh BUKIIFOUCHUM :
if(gran<=18)

{
RD0=0;
lcd_pos(7,0); //BcTanoBaeHHS Kypcopa B 7 TO3HMIIIO MEPILIOTO PsIKa
lcd_str("off"™);

Icd_pos(7,1); //BcranoBneHHs Kypcopa B 7 MO3UILIO IPYrOTo psiKa
sprintf(MAS, "%x", T); /BuBeieHHS TEMITEPATYPH
lcd_string();
¥
[[SIx1io k 3unTaHe 3HAYEHHS TEMIlEpaTypH OUIbIlE BCTAHOBJICHOTO TPAHMYHOIO YHCIA, TO B HAcC

BiOYBAETHCS BKIIOYCHHS peJie 1 BUBEICHHS OTPUMAHOTO 3HAUCHHS:
else

{
RDO=1;

Icd_pos(7,0); //ecTanoBaeHHs Kypcopa B 7 MO3HILIO MEPIIOTO PSIKA
lcd_str("on™);

lcd_pos(7,1); //BcTanoBneHHS Kypcopa B 7 TMO3MIIIO APYTrOTO PsIKa
sprintf(MAS, "%X", T); /BuBecHHS TeMIIepaTypu
lcd_string();
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BUCHOBKUA

B mporeci KypcoBOTO MPOEKTYBAHHS PO3TJITHYTO TMPHWHIIMAIU TPOEKTYBAHHS
OpUCTPOiB 1 cucteM, MmO TMOOYIOBaHI 3 BUKOPHCTAaHHAM OJHOKPUCTAIHHUX
MIKpOoKOHTpoJsiepiB (¢ipmu Microchip. Ilin yac BUKOHaHHS MPOEKTYBaHHS 3/11i1CHEHO
3aKpIUICHHS TEOPETHYHUX 3HAHh Ta MPAKTHYHUX HABHYOK TIO peai3allii erariB
MPOEKTYBaHHA. Y3arajlbHGHO TEXHIIHUN Marepian g (GopMyBaHHS OCHOBHOI imei
MPOEKTYBaHHA. 3AIMCHEHO aHali3 BXPIHUX JaHUX, OOIPYHTYBaHHS 1 CHUHTE3
CTPYKTYpHOI cXeMmH. JleTambHO pO3IISIHYTO CKJIaJOBl amaparHoi YacTHHHU iX
MpU3HAYEHHS 1 0cO0MMBOCTI (yHKITIOHYBaHHS. [IpoaHanizoBaHO HJOKyMEHTAIlif0, 1110
omucye podoty ckmanoBux By3diB MKC. Ha ocHOBI IuX JaHWX OMKCaHO Ta
CIIPOEKTOBAHO MPHUHIIMIIOBY CXEMY Ta alr'OPUTM POOOTH.

Jis moOyaoBu OJOK-CXEM, alrOPUTMIB Ta MPUHIUIOBHX CXEM 3aKPIIJICHO
HAaBUYKH poOOTH 3 mporpamoro sPlan. JIis HamucaHHS 1 BJaroKeHHS MPOrpaMHOTO
3a0e3MeueHHs] BUKOPUCTaHO cepenoBuie po3pooku MPLAB 8.92. 'V upomy
CEpPEIOBHILI CTBOPEHO MPOEKT, HAIMMCAHO TEKCT MPOTPpaMu 3 BUKOPUCTAHHSM MOBH C,
1 3xaiicHeHo  komnusinito 'y hex-¢aitn. CepemoBuie  po3poOKH  MOXe
BUKOPHCTOBYBATUCH Pa30M 3 MPOrpamMaTopaMH JIJisl 3aIUCy TOTOBOTO BUXITHOTO KOy
MPOIIMBKY y TIaM'SITh IPOTrPaMK BUOPAHOTO MIKPOKOHTpOJIEpa.

[lpy HanmcaHHi TeKCTy mnporpamu Cc(OPMOBAHO 3HAYEHHS pericTpa
KOH(Irypali 3a JaHUMU JOKyMEHTallll BUPOOHUKA, OMKCAHO PETICTPU CHELiaTbHUX
GYHKIII Ta 3araibHOTO MPU3HAYCHHS.

[IpoBeneHo iHiiami3aIlit0 MIKpOKOHTPOJIEpa, HOro By3JIiB Ta MO TYIIB.

Jlna 3a0e3nedeHHss poOOTH nepuepiiHUX MPUCTPOIB 3AICHEHO KEpyBaHHS,
OpuiioM Ta mepefada JaHuX 3 MPUCTPOIB BBEIEHHS Ta O MPUCTPOIB BUBEICHHS
3TIIHO BaplaHTYy.

VY pobouiit yactuni 3a6e3nedeno ¢pyskiionyBanus MKC 3rinHo BapiaHTy.

KypcoBuii mpoekT Moke OyTH OCHOBOIO PO3POOKH KEPYHOUOI CUCTEMH 300py
JTAHUX YU CUCTEMH KEPYBaHHS Ta KOHTPOJIIO 32 BUKOHAHHSAM 3 aB/IaHb.
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