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HAIIIOHAJIBHOT'O YHIBEPCHUTETY «JIbBIBCbKA IOJIITEXHIKA»

KYPCOBHUMU [TIPOEKT

DaxoBUN MOJIO AN OaKaJIaBp

(ocBiTHBO-TIPO (hECIHHNIT CTYTTIHB)

Ha TeMy: «IIpoexTyBaHHS cucTeM KepyBaHHs Ta 300py indopmanii Ha 0a3i
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BukoHaB cTyaeHT IV xypcy, rpymu ~ KI-42
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1 TOMYILLEHUH 10 3aXUCTY:

« _» 2025p.
KypcoBuii MpoekT 3axUIICHUN « » 2025 p.
3 OLIHKOIO « »

JIsBI1B 2025



BIJOKPEMJIEHUM CTPYKTYPHUM IIAPO3ALT
«®AXOBUI KOJIEJK IHOOPMAIUAHUX TEXHOJIOT'TA
HAIIOHAJIbHOTO YHIBEPCHUTETY «JIbBIBCbKA NOJITEXHIKA»

3ATBEPJIKEHO

Ha 3aCiTa”HI MUKIOBOT KOMICIT

«@D yH/1aMEHTaNbHOT M ATOTOB KK
IIpotokon Ne 1 Bimg 28 cepmast 2025 p.
I'onosa xomicii

Ouera JIABA3

3ABJIAHHS

Ha KypCcoBHUiA MpoeKT BapianT Ne 30

Jymnomy Makcumy Onexciiiosuuy

(mpi3BuUILE, 1M Ta 10 OaTHKOBI)

3 HayampHOI guctmmiian: MIKPOKOHTPOJIEPU TA IX IIPOTPAMYBAHHS

CTyIEeHT IpyIu: KI1-42

1. Tema npoekry: CuctemMa MOHITOPHUHIY TEMIEPATYPH.

2. Jlata Buaavi 3aB1AHHS: 723 BepecHs 2025 p

3. TepmiH 31a49i KYPCOBOI0 MPOEKTY: 716”7 rpyoas 2025 p.

4. BuxigHi 1aHi 10 NPOEKTY:

4.1 IIpuctpoi BBeaeHHs HbopMmari : LM35, DS1338

4.2 OyHKII TPUCTPOIO BBEICHHS IH(DOpMAITii: . YUTaHHS Yacy, JaTH, TeMIepaTypu
4.4 BukopuctoByBati MikpokoHTpoJiepu: PIC16F877, PIC16F689 ..

4.5 IIpoTokos oOMmiHy iHpopmartiero: SPI.

4.6 Ilpuctpiit BuBeneHHs iHpopmarii: .PKI, 1 psgox

4.7 ®yHKIIIl IPUCTPOIO BUBEACHHS HPopmauii : inaukas : T1 = +/- 21C; T2 =+/- 25C

5 IlepeJik 000B’A3KOBUX J€MOHCTPALIHHNX KPeCJIeHb:
5.1 V3aranbHena ctpykrypHa cxema MKC
5.2 bnok-cxema anroputMmy podotn MKC

5.3 Cxpunmot poboTu npoekty y nporpami PROTEUS



6. Cxi1aa po3paxyHKOBO — NOSICHIO BAJIbHOI 3aNIMCKN (MepeJiik MUTaHb 10
PO3pOOKH):

BCTVII
1 Po3pobxa ctpykrypHoi cxemu MKC
1.1 Ananiz 3aBgaHHs Ta CUHTE3 CTPYKTypHOi cxemu MKC
1.2 OOrpyHTyBaHHSI BUOOPY MIKPOKOHTPOJIEPIB
1.3 Ilpu3HadeHHs, MPUHITAI pOOOTH, 0COOIMBOCTI TeprudepitHIX MTPHUCTPOIB
2 Po3pobOxka enekTpuuHOi mpuHIMNoBoi cxemu MKC
2.1 Po3pobOka cxemu eNeKTpUYHOI IPUHIUIIOBOI MIKPOKOHTPOJIepa, nepudepiiHux
OpUCTPOIB Ta iX HTEpeEiiCy.
2.2 CTBOpEeHHS NPOEKTY 3 BUKOpUCTaHHAM rporpamu PROTEUS
3 Po3poOka mporpamMHOTO 3a0€31eYeHHs
3.1 Po3pobka anroputmy ¢yskiionyBanass MKC
3.2 HanucanHs kepyro4oi mporpamu i MIKpOKOHTpOJiepa :
o pob6ota 3 iporpamoro MPLAB, cTBOpeHHS TIpOEKTY;
o koHpirypyBanas MK 3 Bukopuctanuam qupektuBu _ CONFIG;
O IHIIiani3amisl MIKpOKOHTPOJIEPIB;
o HinianiBamnis nepudepitHIX MOyNIB;
O MOSICHEHHS /10 HAllMCaHHS OCHOBHOI YaCTUHU MPOrPaAMHU.

3.3 Buxopuctanns nporpamu PROTEUS a4 ananizy po6oTu mpoekTy.
BUCHOBKHU

[TEPEJIIK TIOCWJIAHD

Kanenmapuuii niian

Ha3pa erariB Tepwin [Tpumirka
BUKOHAHHS
Beryn
1 Po3pobka CTpyKTYpHOI CXeMH
2 Po3po0Oka eneKTpuIHOl MPUHIMIIOBOI CXEMH
3 Po3pobka nmporpaMHoTO 3a0€3neueHHs
BucnoBku
[lepenix mocuianp
Cmyoenm Maxkcum JYMHUN
(@) IV Ta TIPI3BYIIIC )
Kepienuk npoexkmy Poman CTOJISIPYYK

(manuc ) (IMs1 Ta TIP13BULLE )



PED®EPAT

TekctoBa yactTuHa KypcoBoro npoekty: 30 cropiHku, 1 Tabmwmi, 13 pucyHkis,
S MOCHUJIaHb.

OO0’ exT mpoekTyBaHHA - “CucTeMa MOHITOPUHTY TeMIeparypu’.

Mera NMpOEKTY - MOBEPIIMTH CBOi HABHKH Yy PO3POOI CTPYKTYPHOI CXEMH,
enekTpuyHOoi mpuHIUNOBOi cxemMu MKC, cTBOpeHHS TPOEKTY 3 BUKOPUCTAHHSIM
nporpamu  PROTEUS, po3po6ui anroputmy ¢yHkumionyBanHs MKC, a Takox
HAMHMCaHHS KEPYyHUYOoi MNporpamMu Ui MIKPOKOHTPOJEPIB. 3akpiMUTH TEOPETHYHI
3HAHHS 3 OCHOBHUX MOHATh AUCUUIUTIHY “MikpokoHTposepu Ta ix [17.

Pesynbrar pobOTM Hamg KypcOBHUM TIPOEKTOM TIOKa3aB, IO 3aBISKU
BUKOPHUCTAHHIO JIBOX MPOCTUX MIKPOKOHTPOJEPIB Ta MOAYJS PEATbHOTO Yacy MOKHA

CTBOPHTH TIOBHOIIIHHY CUCTEMY MOHITOPHHTY TEMIIEPaTypH.
MK, DS1338, SPI, CCI-4 p., (CA), SPLAN, MPLAB IDE.
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I'TI ['eHeparop TaKTOBHX IMITYJILCIB

33 3arajgpHa 3aja4a
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MK MikpoKoHTpOJIEep
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LIATT [{udpoananorosi nepeTBoproBadi

LTI LleHTpanmsHUIA MPOIIECOPHUI TPUCTPIHA
M [[InpoTHO-IMITYJIbCHA MOTYJISITIS

12C Inter-Integrated Circuit (MikiHTerpajibHa cXeMa)

SPI Serial Peripheral Interface (IlocninoBuuii nepudepiiinuii iHTepdetic)
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BCTYII

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

PIC-koHTpOIEpH 3aCTOCOBYIOTECS Y CHCTEMaX BHCOKOIIBHIKICHOTO KEPyBaHHS
aBTOMOOUILHUMHU ¥ EJIEKTPUYHUMU JIBUTYHAMU, MPUIaAax MoOyTOBOi €IeKTPOHIKH,
teneoHHUX pucTtaBkax 3 ABH, cucremax 0XOpoHU 13 CIIOBILIEHHSIM O TeIePOHHII
i, MiHI-ATC. Oxpemi BuMIproBaibHI 1HGOpPMAIHI CUCTEMHU BIIPBHAIOTHCS
pospsnnicTio [I3TI(nocTiiiHO 3amaM’ITOBYIOUOTO MPUCTPOIO): Bin 12 no 14 Oir nis
cepii PIC16Cxx, 16 61t — gy cepii PIC17Cxx.

3aBAsKM CKOpOUYEHI KimbKOCTI KoMaH I (Bin 33 a0 35) yci KOMaHIH 3aiMaroTh
y mnam’siTi OoJHe cJIOBO. Yac BUKOHAHHS KOXHOI KOMaHIM, KpIM KOMAaH[
pO3TayKeHHS, CTAHOBUTh YOTUPU TakTH — oAuH LUK (200 He Ha yacToTi 20 MI'1).
OnepaTuBHUIA 3amam’TOBYBAIbHUI TPHUCTPIi BUKOHAHO 32 CXEMOIO 3 JIOBUIHHOIO
BUOIPKOIO 3 MOJIMBICTIO O€3M0OCEPENHBOI aipecallii y KOAl KOMaHIU 0 OyIb-sIKOl
KOMIPKH.

Crek peai3oBaHO anapaTHoO 3 TNIMOMHOIO 2, 8 abo 16 komipok. Maiixe B ycix
PIC-koHTposepax € cucTeMa MepepuBaHb, JKEPESIOM SIKUX MOXke OyTu TaiimMep, a
TaKO 3MiHa CTaHIB CUTHAJIIB Ha Jeskux Bxoaax. Y PIC-koHTposiepax nependadeHmit
o1r 3axucty [1311, mo 3ano0irae HejeraTbHOMY KOIIFOBaHHIO.

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 OJHOKpaTHO nporpamoBanuid 11311, ogHak
neski koutposiepu MicTate [I3I1 3 ymeTpadioneroBum ctupannsm, 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
cucteMmy ckunganss, watchdog taiimep, BHyTpIlIHIA TaKTOBUI IeHEPATOp, 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
MOPTY MO’KHA 3aIpOrpaMyBaTH Ha BBelIEHHS a00 Ha BUBEICHHS.

Kontponep PIC16C64 nomarkoBo mae Buxin 3 1M, 3a gomomoroio sikoro
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 BHyTpimmHIA 8S-po3psguuid ALl 3 mnpuctpoem
BUOUpaHHs/30epiraHHs 1 BXITHUM aHaJIOT'OBUM MYJIbTHILIEKCOPOM.



1 PO3POBKA CTPYKTYPHOI CXEMH MKC
1.1 Anaji3 3aBJaHHA Ta CUHTE3 CTPYKTYPHOI cxemu MKC

[Ipu npoexTyBaHH1 MIKpoKOHTpojepHux npuctpois (MKII) abo cuctem (MKC)
MO’KHAa BHKOPHUCTOBYBATH OJIOKOBO-IEpapXIMHUN MAXIA, TPU SKOMY YSBJICHHS IIPO
MKII a6o MKC, mo mpoe€KTyIOThCS, PO3UICHOBYIOThCA Ha iepapxiuni piBHi. Ha
BUIIOMY PIBHI BUKOPUCTOBYETHCSI HAMEHIII JETaT30BaHe YSIBJICHHS, 10 BiqoOpakae
JUIIEe TUIBKA 3arajbHl PUCH 1 OCOOJMBOCTI CUCTEMH, WIO0 MPOEKTYeThcs. Ha
HACTYMMHUX PIBHAX CTYIIHb IOAPOOUIs PO3TIIAY 3pOCTaE, MPH ILOMY CHUCTEMa
pPO3TIISAAETECS HE 3arajoM, a OKpeMuMu Ojokamu. Takuii migxig J03BOJISIE Ha
KOXKHOMY pIBH1 (DOPMYJIIOBAaTH 1 BUPINIYBAaTH 3aAadl AOMYCTUMOI CKJIQJAHOCTI, IO
HiIAI0ThCSl YCBIIOMIICHHIO U PO3YMIHHIO JIIOJJMHOIO Ta PIlIEHHIO 32 JOMOMOTOIO
TocTymHHX 3aco0iB. [lepeBarn Takoro maxomy MOJATalOTh B TOMY, IO CKJIaJHA
3a/1aya BEJIMKOI PO3MIPHOCTI PO30MBAEThCA HA TPYMHH 33]a4 Majioi pO3MIPHOCTI, SAKi
NOCJIAOBHO BUPIINIYIOTbCSA, NPUIOMY BCEPEIMHI TPyl pi3HI 3aaadl MOXYTb
BUPIIIYBATUCS HapaieiabHO.

CtpykTypHa cXxeMa — IIe CXeMa, sika BU3Hau4a€ OCHOBHI (PYHKITIOHATbHI YaCTHHH
BUpOOy, X B3a€MO3B'SBKM Ta mnpu3HadeHHs. [lin (yHKIIOHATbHOI YacTHUHOIO
pPO3YMIIOTh CKJIQJIOBY YaCTHHY CXEMH: €JIEMEHT, MPUCTPIii, QyHKIIOHATBHY TPYIY,
(byHKIIIOHATILHY JIaHKY.

CTpykTypHa cxeMa TMpu3HAu€Ha [JIs B1I[06pa)K€HHH 3arajibHOi CprKTypH
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 IPaIlO€ B OCHOBHHUX PE&XHMax poOOTH, SIK B3aEMOAIIOTH HOTO
yacTuHU. [l03HAaYEHHS €1eMEHTIB CTPYKTYPHOI CXEMH MOXKYTh OOMPAaTUCh JTOBUIHHO,
X04a 3araJlbHONMPUHHATHX TIPaBUJI BUKOHAHHS CXEM CJIIT JOTPUMYBATHCHh.

OO’ €KTOM JOCIHIIKEHHS TaHOTO KypCOBOTO MpOoeKTy € CructeMa MOHITOPUHTY
TEMIEpATypH, IO Mpaloe Ha OHOBI 2 MikpokoHTpoJsiepax PIC16F877, PIC16F689.

PobGora mpwmagy 3a0e3medyeThcsl  ABIMKOBO-IECATKOBUM  T'OJMHHHUKOM-
KaJeHJapeM 3 HUBBKHUM CIOXKHUBaHHAM cTpymy DS1338 Ta natumkom Temmeparypu
LM35.

BuBin iHpopmartii 31l iCHIOBAaTUMETHCS Yep €3 OTHOPSAKOBUIA PIIKOKPUCTATIIHUN
IHIUKATOP, IO TIOKa3yBaTUME IHAUKAIIIKO.

VYci npunagy TaHOTO TPOEKTY 3’ €MHYIOTHCS 3a MPoTOKoJioM SPI (cuHXpOHHOT
NOCJIAOBHOI Nepenavl JaHux).

CrpyxrypHa cxema MKC i CucTeMu MOHITOPUHTY TEMIIEpaTypy BH3HA4Yae
OCHOBHI ()YHKITIOHAJIbH1 YaCTHHHU BUPOOY Ta 3a3HadeHa Ha pUCYHKY 1.1.

[lepmmii O5OK JaHOI CXeMH BIANOBimae 3a 3uyuTyBaHHSA 1H(opwmarii. B
NOJAJbLIOMY, Hallll JaH1 MICJs 3YMTYBaHHsS MPOWIYTh Yepe3 JiBa MIKPOKOHTpOJIEpa
o npotokoiry SPI.
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VY napyromy 61011 cxeMu CUCTEMU MOHITOPUHTY TEMIIEpATypu 300paxkeHo rpadaHui
BHBIJ HGOpMaIii, mo Oyae matu HacTymHui Bureia: T1 =+/- 21C; T2 = +/- 25C.

PIC16F877

PICI6F689 PKI-1 psaia

Pucynok 1.1 - CtpykTypHa cxemMa CUCTEMU CEKyHIOMIpa-Taiimepa
1.2 Bu0ip MikpoKoHTpoJIepiB Ta aHAJIi3 iX mapaMeTpiB

B ocrtanHi poku mnpu po3poOlil CHUCTEM KepyBaHHS BCE OUIbIE yBaru
OPUIUIETHCS MIKPOKOHTpOJIepHii TexHill. e moB'si3ano 3 11 OypXIMBUM PO3BUTKOM
1  IIMPOKUM  aCOPTUMEHTOM  MPOMOHOBAaHOI  Tpoxaykui.  Bukopuctanus
MIKPOKOHTPOJIEPIB JI03BOJISIE KOHCTPYIOBAaTH NMPUCTPOT 3 HEBEIMKUMU radapuTami,
0 € BIJHOCHO JICIIEBUMM, MPOCTUMH 1 HAAIMHUMH, CYMICHUMHU 3 TEPCOHATBHUM
KOMIT FOTEPOM 4epe3 CTaHIapTHI IHTepeicH.

OcHoBHa MeTa MpH BUOOP1 MIKPOKOHTpojepa - oOpaTH MIKPOKOHTPOJIEp 3
MIHIMAJIbHOIO I[IHOIO, ajie B TOH JK€ 4Yac BIH NOBHUHEH BIAIOBIIAaTH BHUMOIraM
IPOAYKTUBHOCTIL, HAJIITHOCTI, yMOBaM 3aCTOCYBAHHS, TOLLIO.

HactynHuii kpok mnpu BHOOpI MIKPOKOHTpOJIEpa — TMOIIYK MOJENeH, sKi
32/I0BOJIbHSIFOTh CUCTEMHHM BHUMOTaMm. BiH BKouae mimOip Jireparypu, TEXHITHUX
OTIUCIB 1 TEXHIYHUX KOMEPINMHUX JKypHAIIB, a TAKOXX JICMOHCTPAIIiiHI KOHCYJIbTaIlii.
OcranHA cTajis BUOOPY CKIATAEThCS 3 KUIbKOX €TalliB, METa SIKUX - 3BY3UTH CITUCOK
NPUHHATHUX MIKPOKOHTPOJIEpPIB A0 oHOTro. Lli eranu BKiItouaroTh B cebe aHami3 I[1HH,
JOCTYITHOCTI, 3aC00IB pO3pOOKH, MATPUMKH BHPOOHHKA, CTaOUIHHOCTI Ta HAIBHOCTI
IHIIMX BUPOOHUKIB. [IpoBe/ieHHs] CUCTEMHOr0 aHalli3y MPOEKTY J03BOJISIE BUSHAUUTH
BUMOTH JI0 MIKpOKOHTpOJIepa:

® PO3PSAAHICTH OOYUCITIOBAILHOTO SIIPa;

e Habip BOynoBaHux nepudepiiinux npuctpois (taiimepu, ALII Tomo...);

e amapaTHa oOpraHiBamisi OoOpoOKM [aHuX (CTPYKTypa MAIIMHHOTO IHKITY,
cmiBBigHOIIeHHS TakTiB ['T1 1 MammHANX ITUKITIB);
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® MOXKJIMBICTH POOOTH IO TIEPEPUBAHHIO, 32 30BHIIIHIMU CUTHAJIAMU TOTOBHOCTI
a00 110 KOMaH1aM JIFOIUHHU;

® KIUIbKICTh KEPOBAaHMX TIOPTIB BBEICHHSA/BUBOAY, XapakTep Iepemadi -
OaiT abo OiT, MpoTrpaMHe HANAITYBAHHS HANPSIMKY Iepeaadi,

® THI MIPUCTPOIB BBEJICHHS/BUBOJY, SIKUMHU TOBUHEH KEPYBAaTH OOUParOTh MIKpPO-

KOHTpOJIEp B MPOEKTOBAHIM CHUCTEMi (TepMiHAJM, BUMHKadl, pejie, KJIaBiIli,

naBavi, MU(POBI NPUCTPOI BBYAILHOI 1HAUKAILIl, aHATOTo-IIUGPOBI i 1udpo-

aHAJIOTOBI TICPETBOPIOBAY1, MOIYJIITOPH TOIIIO );

® IATPHMYBaHI CIOCOOM 3aBaHTAKEHHS TIporpaM B MIKPOKOHTpPOJEp, -
MOXJIMBICTh BHYTpIIHbOCHUCTEMHOTO TporpamyBaHHs (ISP), BuxopucTanus
npu oMy cTanfapTuzoBanux Hrepdeiics (SPI, 12C);

® KUIbKICTh 1 TUIT HAIPYTH JKUBJICHHS;

e MajiorabapuTHI Ta €CTETUYHI 0OMEKEHHS;

® YMOBH HaBKOJIMIIHbOTO CEPENOBHIIA, HEOOXITHI AJIsl eKCILTyaTallii.

Mikpokountponepu  PIC16F877 ta  PIC16F689  maiote  pexumu
EHEepPro30epeXeHHS 1 MOKIIMBICTh 3aXUCTY KOy IPOTpamMu.

VY MikpokoHTposiepu BOynoBaHul cTopokoBuii Taiimep WDT, skuii moxe
OyTH BUMKHEHHUU TUIbKH B OiTax KOH(QIrypauii MiKpokoHTpoJsepa. g nigBuIeHHs
HaAIHOCTI cToposxoBuit Taiimep WDT mae Bnacuuit RC reneparop.

JlonarkoBUX JBa TaiimMepa BUKOHYIOTh 3aTpUMKy CTapTy poOOTH
MIKpoKOHTposepa. Ilepumii, Taiimep 3amycky reneparopa (OST), yrpumye
MIKpOKOHTpPOJIEp B CTaHi CKHJIaHHS, MOKH HE CTaOUIBYeThCA YacTOTa TaKTOBOTO
reHeparopa. Jpyruhi, taiimep BkmoueHHs xkuBjicHHS (PWRT), cnpampoBye micis
BKJIFOUEHHSI KUBJICHHS 1 YTPUMYE MIKPOKOHTPOJIEP B CTaH1 CKUIAHHS POTATOM 72MC
(TMIIOBE 3HAYEHHA), MOKU HE CTAOUIBYEThCS Hampyra >KUBJIECHHS. Y OUIBLIOCTI
nojaTkiB Ui (QyHKII MIKPOKOHTpOJIEpa JO03BOJIAIOTh BUKIIOYUTH 30BHIIIHI CXEMU
CKUJJAHHSL.

Pexum SLEEP NPU3HAYEHUI JJIST 3a0e31eyeHHs HaJHU3bKOTO
eHeprocnokuBaHHs. MIKpOKOHTpoJep Moxke BUUTH 3 pexumy SLEEP no curnamy
30BHIIIHBOTO CKUIAHHS, MO TIEPEIOBHEHHIO CTOPOXKOBOrO TaiMepa abo mpu
BUHUKHEHHI IEpEpPUBaHb.

Bubip pexxuMmy poOOTH TaKTOBOTO TIeHEepaTtopa J03BOJIIE BHUKOPHUCTOBYBATU
MIKPOKOHTPOJIEpU B p3HUX JoaaTkax. Pexxum takroBoro reHeparopa RC mo3Bossie
3MEHIIUTU BapTICTh NPUCTPOIO, a pexuMm LP 3HmuTH eHeprocmokuBanHs. bitu
KOH(}Irypaiii MIKpOKOHTPOJIEpa BHKOPHWCTOBYIOTHCS i1 BKa3iBKH PEXKUMY HOTO
poboTH.

1.3 Onuc nepugepiiiHUX NPUCTPOIB Ta podOTA 3 HUMHU

1.3.1 Moayanb peanbHoro yacy DS1338

Moayns peaibHOTO 4yacy 3 mocaigoBHUM iHTepdeiicom DS1338-11e nBiiikoBo-
JECATKOBUN TOJMHHUK-KAJICHIAP 3 HU3BKUM CIIOKUBAaHHSAM CTpymy. JlaHuit MomyIib
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BIIPaXOBY€ CEKYH/IM, XBWJIMHH, TOJIMHH, JI€Hb, JaTy, MICAIb 1 pik. OcTaHHS Jara
MICSAISI aBTOMATHYHO KOPEKTYETHCS JJIS MICSIIB 3 KUIBKICTIO JHIB MeHIe 31,
BKJIFOUAIOUH KOPEKITIIO /i1 BACOKOCHOTO pOKy. Moyiib mpaiftoe ik B 24-roAuHHOMY,
Tak 1 B 12-rogunHoMy pexxkumax 3 iHaukaiiero AM/PM. DS1338mae iHTErpoBaHy
CXEMY KOHTPOJIIO JKUBJICHHS, SIKa BIICIIIKOBY€E POOJIEMH KUBJIEHHS 1y BHUIIQIKY 1X
JIETCKTYBaHHS aBTOMAaTHYIHO TEePEKII0Yae MOIYJIb Ha KUBJICHHS Bi IHIIIOTO JKEpesa
)kuBlieHHs. Ha pucynky 1.2 mpeacTaBiieHa THIIOBA CXeMa IMIIKIFOYECHHS MOTYIIS
DS1338 no mikpokoHTposepa. Po3MilieHHs: BUBOIB HABEIEHO HA PUCYHKY 1.3.

Ve Weo
Voo
8
Veo 1
———
§ DS1307 >
S — m—
KEapLu,
R1 5| SDa
wP 6| scL 3__]_
7| sOwouT ——
RPU = ,/Cph l
GMD B

b 4

Pucynoxk 1.2 - TunoBa cxema migkimodeHas moayist DS1338n0 mikpokoHTpoiepa

1.3.2 PinkokpucTadiuHi a1a(paBiTHO-CUMBOJIbHI IHINKATOPH

PKI 13 3HaKoCHHTE3yHOUMM KOHTPOJEPOM YacTO BUKOPHCTOBYIOTHCS TPH
NPOEKTYBaHHI IU(POBUX MPUCTPOIB.

PK - nanens BL+
l[lllllllllll BL-
—— Vo
G1 dpatieepn VCC
KoHTponep GND
\ \ M
8
v

DBO-DBY RS R/MW E

Pucynok 1.3 — Ctpykrypna cxema PKI

OcnoBoto PKI € marpuiis 3 piikux KpUCTAJIB, OJAI0YX HAIPYTY HA €JIEMEHTH
KOl MOKHA "3aCBITMTU" KpalKy Ha €KpaHl Marpuis CKIaJaeTbCs 13 3HAKOMICIh
(Haituactime 5*8 mikcenis), 3TPYNOBAHNX y KUTbKa p}II[KlB [{um kepye BOymOBaHMIA
koHTposiep PKI. Bin kepye mikcemsimu PK — gucrurero 1 iHTEp(EHCHOIO YaCTHHOIO
IHIUKATOPY.

Pinkokpuctamuni  3HakoiudpoBi  Tabll0  HajiexkaTh  JO0  HAWOUIbII
PO3NOBCIOKEHUX TUMIB HAMKaTopiB. Lli iHqukaTtopu 6yBatoth 1,2,4 cTpiukoBUMU. Y
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ctpiuut 8, 12, 16, 20, 24, 40 cumBOJIB, KOXHHUWA 3 SIKUX (POPMYETbCA HIpUPTOM
dbopmary 5*8 abo 5*11 mikcemis.

3aBIaHHA MIAKIIOYEHHS 3BOJIMTHBCS 10 OpTaHi3amii OOMIHYy JTaHWUMH MDK
MIKPOKOHTPOJIEPOM Ta BOyIOBaHUM KOHTpoJsiepoM. Huxde nmokazaHi npukiaa cxemu
MIKTIOYEHHS JIJI1 BOCBMHUOITHOTO THTEpQeEiicy.

CXEMA 1 0 1x0m
| 1 L 45\
{B-03THBI llHTeI?*ﬁ'"c' ST 4 14
Vss  MCLR Veld 0 g5V
= | 2
PIC16F628A 3l 2
- | =
RAD RA1 RA7 RB4 RBS RBZ RBG6 RB3 RB7 RA2 RAG

1'.r| 1s| 1s| ml 11| sl 1z| al 13| -sl 1s|

3 ¥ v ¥ ¥ * Kk KouTaxTau KKH + * I e =

EI -I.| 5| 1-I.| 13| 12 11| 1ﬂ| 'Jl Sl Tl 1[ 3| 2

E RS R'W DBY DBé DBS DB4 DB3 DBZ DB1 DBO GND contrast +5V

Pucynok 1.4 - Cxema crpsixxenns MK 3 PKI

[nrepdetic mae BiciM iHbopmamiitnux niHiii: DB7..DB0 1 Tpu kepyrouux: RS,
R/W, E. Jlinis RS BusHauae no sikoro perictpy kontpojiepa PKI Mm mparmemo
3BEPHYTHUCS, TOOTO SIKy HpOpMAaIl0 MU nepeaeMo - faHi abo komanau. Jlnis R/W
BU3Ha4Yae HamnpsMok mepenadi nanux - 3anuc y PKI abo ywranns 13 PKI. Jlnig E
BKJItOUae (KOJM Ha JIHI BUCOKHM piBeHb) ab0 BHUKIIOYAE (KO HA JIHII HU3bKUIN
piBeHb) mepemady iHbopMalli, cpopMoBaHOI Ha IHIIMX IHTEP PEHCHUX MIHIAX.
OcCHOBHI MapaMeTpu HaBEeJEH1 y TEXHIYHIN JliTeparypi.

[mimianpanis PKI mnonsrae B mepemadl JEKUIbKOX KOMaHJA Yy IIEBHIN
nociioBHOCTL. KimbKIiCTh KOMaHA IHIiadBBali MoKe BIIPBHATUCS B PIBHUX
koHTpoJsiepiB. Ilig wac iHimiamizamii kpamie He aHamizyBatu mpamoper BUSY, a
YeKaTH BU3HAYCHHUI Yac TIEpe]] MOCHIKOI0 HACTYITHOI KOMaHIH, TOMY IO TMpPAaropeib
BCTAaHOBJIIOETHCSI HE BiIpa3y, a MiCJisd MEBHOT KOMaHAW (AUB. Aatammr). [Himianizanis
PKI BuUKOHY€ThCS aHAIOTTIHO SIK JJIS1 TApaJieIbHOTO 1HTep(elcy MITKIIFOUeHHS TaK 1
171 iocaigoBHoTo (TimkmoueHAs PKI o 12C am SPI).

Piuumg Mok 8-61rHUM Ta 4-01THUM 1HTEp(delicoM MoJIATae JuIlie B TOMY, III0
npu 4-0iTHIA mnepenayl JaHWX HeoOXimHO mojaBatu curHamu RS, R/W sk ans
MOJIOAIIOl Tak 1 Jyia crapmoi Terpaau. Komanam mHimiannamni poboru PKI
3QJTUINIAIOTHCS OJTHAKOBUMHU.

VY PKI € 2 Bunu nam'sati: DDRAM, CGRAM (CGROM). DDRAM - display
data RAM (mam'ath nucries) - Te, 11O 3alucaHe B I mam'sti, Oe3MmocepenHbo
BinoOpaxkaeTbcsl Ha jauciviei. L{g maMm'ssTh Mae HACTYmHUN agpecHUN MPOCTIp 1
BIATIOBITHE BIMOOpaKEHHS HA JIUCILICT.

Tob6to, Te, mo 3amucane B DDRAM 3a anpecoro, Hampukian, 42h, Oyne
BijoOpakarucs B TpeTid  MO3WII  HA  JPYyroMy  pSAKY  JIUCILIES.

CGRAM (CGROM) - character generator RAM (ROM) - mam'sTs
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3HaKoreHeparopa. [lam'ath 3HaKoreHepaTopa posaviena Ha CGRAM - noctynHa ais
3amUCy/9UTaHHA, CIOJM MOXKHa 3aquTH 8 cBOiX BiacHHX cuMBOJIB 1 CGROM -
JOCTYITHA TUTLKH JJIS1 YUTAHHS.

1.3.3 OcobiuBocTi npoToko.ay SPI

[MocnimoBuuii mepudepiiiamii iHTepderic (Serial Peripheral Interface - SPI)
3abe31meuye BUCOKOIIBUAKICHUNM CHHXPOHHUNA OOMIH JJAHUMH MK MIKPOKOHTPOJIEPOM
1 nepudepIiHUMU TPUCTPOSAMH, a TAKOK MDK JEKUTbKOMa MIKPOKOHTPOJIEPAMHU.

B SPI pexumi MOXIMBI OJHOYAaCHUA CUHXPOHHUN NpUHOM 1 mepenada 8-
PO3PSIHUX TaHUX.

Pexxum Beqyuoro SPI. Benyuunii Moske HillianizyBaTu nepeaavy JaHux y Oyab-
SKAWA MOMEHT, OCKUIbKHM BIH T'€HEpY€ TaKTOBWUW CHUTHAJ, 1 BU3HAYA€E, KOJU BEIACHUUN
MOBWHEH TepeaTH JaHi BIIMOBITHO 0 BHUKOPHCTOBYBAHOT'O MPOTOKOITY.

Y pexumi BeIydoro JaHi TEPENAIOThCA/MPUAHATI MICHA  IXHBOTO
sanucy/uutanns 3 perictpa SSPBUF. Sxmo B SPI pexumi moTpidHO TUIBKH
npuitmaru naHi, BuBig SDO Moxke 0yTu 3a010K0BaHul (HacTpoeHui sik Bxin). [ani 3
BuBOAY SDI nocninoBHO 3cyBatoThes B pericTp SSPSR 13 BCTaHOBIIEHOIO MIBUIKICTIO.
Koxuuii mpwuitaatuii O6aiit 3aBaHTaxyethcs B perictp SSPBUF (sx HOpmamsHO
oTpuMaHui OalT) 3 (OpMyBaHHAM I€pepUBaHb 1 BIUIMBOM Ha BIIMOBIAHI OITH
crarycy. g ¢yHkuist Mmoxe OyTu KoprcHa MpH peanizalli "MOHITOpa IHUHU".

bynb-aka HebakaHa (YHKIS MOCTIZOBHOIO MOpPTa MOXE OYTH BUKJIIOYEHA,
HAJIAIITOBYIOYH BIMOBIAH1 O1TH pericTpiB HanpsMKy ganux TRIS. Hampukman, sikio
B pexxuMi Beydoro SPI BUKOHYeThCA TUIbKU Tiepenava gaHux, To BuBoau SDI i -SS
MOXYTh BUKOPUCTOBYBATHCS K IU(PPOBI BUXOAU, CKUHYBIIH BinmoBiyIHi 01tk TRIS B
‘0.

1.3.4 PoboTa 3 mporokosnom 12C

DS1338 mintpumye oOMiH nanumu 1o mnpotokoiny [2C mo nBompoBinHIN
JBOHarpapiieHI mmH1. [IpucTpii, kUil nepegae naHl Ha LIMHY, € MEepeaaBaveM, a
MPUCTPIN, TPUHMaIOINii TaHi, - BITIIOBITHO NpuiiMadeM. Bexyuunii mpucTpiii reHepye
cunxpoimiysscu (serial clock - SCL), kepye nocTynom 10 IIMHU 1 TEHEPYE YMOBU
START 1 STOP. DS1338 mpamtoe Ha mmHI SK BeneHuil mnpuctpid. Tumnosa
KOH(Irypallis IMHA 3 BUKOPUCTAHHAM TPOTOKOJTY [2C naBenena Ha pucyHKy 1.5.

AAM
¥VY

Rp < Fp

SDA -
ITuna 12C

SCL

Mikpo- Tammit
KOHTpoOIep DS1307 MIPHCTP1H

Pucynok 1.5 - Tunosa koHirypariis gsonposigHoi mmHu (12C)



14

DS1338 na mocmimoBHIN IMHI TIpaIfoe SK BeaeHWH mpuctpiid. JlocTym 10
HBOTO 3JIIHCHIOEThCS BCTaHOBIEHHSAM ymoBH START 1 mepemadero mpucTporo
TeHTU( IKAIIITHOTO KOy, TICJIS SIKOTO TIEPEIaeThCs aipeca pericTpy. Jlo HacTymHoro
3a 00OpaHUM PETICTPOM JOCTYI 3JIHCHIOETHCS MOCIIIOBHO, MOKK HE OyJle BUKOHAHA
ymoBa STOP.

Kosxna nepenada nannx HimroeTbest yMoBoro START 13aBepiryeTbcst yMOBOO
STOP. KinbkicTe 0aiiTiB ganux, mo nepeaatrotbest Mbk ymoBamu START 1 STOP, ne
oOMeKeHa 1 BU3HAYAETHCS BEAYYMM NpUCTpoeM. IHdopmaris mnepenaeTscs Mo -
0alTOBO, 1 KOXKHUM OaWT MpUUMad MIITBEPKYE ACB  ATUM O1ToM (OIT IMiATBEP I>KCHHS
- ACK). B crierudikarii 7BoX mpoBinHoro iHtepdeicy BU3Ha4YCeHI 3BUMAHHIIA PEKUM
1 wBuAKUNA pexum (¢ takroBoro yactotoro 400 kI'm). DS1338 mnpautoe Tutbku B
3Bu4aitHomy pexxkumi (100 I'm).

JI1st miaTBep HKCHHS MPHUMOMY TIPHCTPIA Mae MIATATHYTH A0 HU3BKOTO PIBHS
aH0 SDA mim yac TakTOBOTO IMIOYJIbCY TakMM 4YHHOM, OO Ha JmiHii SDA
3aTMIIABCS CTA0UTbHUM HU3BKUN PIBEHb.

VY pexuMi BEOEHOTO MpuiiMauya MOCHIIOBHI AaHl NpuiiMaroThes 1no SDA 1
cuaxpoHBBytoThcs Mo SCL. Ilicns KOXXHOTO TPUHHATOrO OalTy mepemaeThcs OiT
ninTBepkeHHs. YMoBu START 1 STOP po3niBHaioThCsl SIK MOYATOK 1 KiHElb
MOCJIIOBHOI  mepenadi. Po3mi3HaBaHHS aJpecu BHKOHYETHCS araparHO  TICHS
OpUIfOMY aJIpecH BEICHOTO 10iTa HanpsMy nepeaayi.

1.3.5 JaTtunk temnepatypu LM35

Cepit LM35 - me TOuYHI aHAJIOrOBl AATYWKHU TEMIEPATypH 3 IHTErpaIbHUM
KOHTYpOM, BHXiAHA Hampyra fKuxX JIHIMHO mpomnopuiiiHa temmeparypl Llenbcis.
Takum umHoM, LM35 mae mepeBary mepen JMHIMHAMH JaTYUKaMU TEMIIEpaTypH,
kaniOpoBanuMu B KenbBiHaX, OCKUIbKM KOPHUCTYBaueBl HE MOTPIOHO BigHIMATH
BEIMKY TOCTIMHY HAmpyry Bl HOro BHUXOAY M OTPUMAaHHS 3pPYYHOTO
MacmradyBanas. LM35 He BuMarae >KOJHOTO 30BHIIIHBOTO KamiOpyBaHHS abo
0OpBBKHU 17151 3a0e31edeHHs TUIIOBOI TouHOCTI = 1/4 °C mpwm KIMHATHIA TeMIieparypi
Ta £ 3/4 °C mpoTAroM MoBHOTO Alana3oHy temreparyp Bin -50 mo + 150 °C.

PosninoBka LM35 - ne gocutb mpocto. [lepumit mrudT npusHadyeHu ajis
HEOOXITHOTO JIXKepera )KUBJICHHS JaTunKa, sike epexoauts Bix 4 1o 30 B, xoua BoHO
MOYKE€ BIIPIBHIATHUCS 3aJIKHO Bi BUPOOHHKA, OTXKE, Kpallle MOTJISTHYTH Ha TaOJIHITIO
JaHUX JaTduKa 1o Bu npuadamu. [loTim, y nieHTpi, y Hac € H_ITI/ICI)T TSl BUXO/Y, TOOTO
TOH, sIKMi Oyze MmojaBaTH Ty YU IHILNY HAIMPYTy B 3aJEKHOCTI Bl Temmeparypu. |
TpeTiid ITud T nUTidyeThes.
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2 MPOEKTYBAHHS EJEKTPUYHOI MPUHIUIIOBOI CXEMHU
2.1 Po3poOka cxemMu eJIeKTPUYHOI NPUHIMIIOBOI MiKPOKOHTPOJIepa

VY nmpotieci Npo€eKTyBaHHs OYIb-SIKOTO MPUCTPOIO, (POPMYETHCS HAOIP TEXHIYHOT
JOKYMEHTAIlii 10 IhOMY TPUCTPOIO. B TeXHIUHIA JOKyMEHTaIlli OIMHCYETHCS
napameTpu, podoTa MPUCTPOI0, HEOOXITHI JIJIT BUTOTOBJICHHS KOMIIOHEHTH Ta METOIU
13aco0u HamaroKeHHs (QYyHKIIOHATLHUX MOMJIMBOCTEH MPO EKTOBAHOTO MPHUCTPOIO.

OnHuM 13 HAMBaXIMBINIMX PO3AUIIB TEXHIMHOI JIOKYMEHTAllll SIBISETHCS
MOTaHHSI €EKTPUYHOI IPUHITUTIOBOI CXEMU TIPO EKTOBAHOTO MPHUCTPOIO.

Enextpuuna mnpuHIMIoBa cxema — 1€ TpadiiHe 300pakeHHS OyH0BH
npucTporo Ha ¢BuuHOMYy piBHL. [laHa cxema BInOOpakae KUIBKICTh Ta THUI
BUKOPUCTOBYBAaHMX Yy TMPHUCTPOi KOMIIOHEHTIB (PaAlOTEeXHIYHMX €JIEMEHTIB,
MIKpOCXeM, IHTep(EeHCHHX pO3‘€MIB, TOINO...) Ta iX B3AEMOJIIO OJWH 3 OJHUM.
[TigkTroYeHHS KOMIIOHEHTIB CXEMH OJIMH JI0 OJTHOTO BITOOpaXae€ThCsl JTHIIMH. 3TITHO
i€l cXeMU BIIOYBA€TbCSl PO3BENCHHA JOPLKOK HA IUIAT1 Y BIANOBIIHOCTI A0 JIHIN
MTKTIOYEHHS, 300paXXE€HUX HA CXEM1, Ta MOHTaX 1 MaiKa €JIEMEHTIB MPO EKTOBAHOTO
OPUCTPOIO. YC1 eNeMeHTH, 300pakeHlI Ha eJeKTPUYHI TMPHUHIUIOBIA CXeMi,
nianmucyrThes 3rimHo Bumor JICTY.

Konen enexTpuuHMA NPUCTPIA HE MOXKE MpalfoBaTH 0€3 JpKepena Hanpyru
xuBieHHs. [Ipuctpoi, mo noOynoBaHi Ha OCHOBI MIKPOKOHTpOJEpa, 1€ IU(pPOBi
npuctpoi. [ianazon HANpyru JKUBJICHHS I TaKMX HPHUCTPOTB CKIIanae Bin 1.5 1o
5.5B, a ctpym - nocTiiHUA. 1 MiAKIIOYeHHS I_II/I(prBI/IX HpI/ICTpOIB 1o mepexi 220B
BUKOPHUCTOBYIOTHCSI TPaHC(HOPMATOPHI, IMITYJILCHI, KOHIEHCATOPHI OJIOKU KUBJICHHS
ToO... JIo CKIlany HaMMpOCTINIOI CXEMH BXOJISITh: MOHIKYIOUHMA TpaHcopmaTop,
TIOMHUN MICT, €NeKTPOJITHYHI KOHIEHCATOPH Ta MIKpocxXxeMa crabutiamii (JIuB.
pucyHok 2.1).

Trl
= |
I DDl
~220W ! L7805 [ 1 <
I
= I =2 5V

1 * :
Pucynok 2.1- Cxema ctabunizaiiii »KUBJIEHHS JJ1s1 ITUGPOBUX MPUCTPOIB HA

OCHOBI MIKPOKOHTPOJIEPIB

KirouoBuM enemenToMm B AaHii cxemi € crabiizatop L7805. IcHye nBa Buau
crabuzaropa 7805: 3 ctpymMmoM HaBaHTaxeHHs 70 1A 1 mamonoTyxkuuii 78L05 3
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ctpyMoM HaBaHTaxeHHs 10 0,1A. Kpim Hux € npoMmpknuii Bapiant 78MO05 3 ctpymom
HaBaHTakeHHA 710 0,5A.

€wmuicte Cl Ha Bxoal ctaburidaTopa HEOOXiTHA IUIL  3TJIaIOKEHHS
BUCOKOYACTOTHMX 3aBaJl MpHU Mnojaadi BxigHO1 Hampyru. €MHicTh C2 Ha BUXO.I
cTabu1i3aTopa 3a/1a€ CTAOUILHICTh HAIPYT'H MPU PI3KIMA 3MiH1 CTPYMY HaBaHTAXECHHSI, a
TaKO’K CYTTEBO 3HWXKYE aMIUNTyQy myibcamid. Jlns #oro HopMambHOI poOOTH
Hampyra Ha BXOJ1 MOBUHHA OyTH y aiamazoni 10-20 B.

Jns ¢dopmyBaHHS Hampyrd TakoTO PIBHS BHKOPHUCTOBYEThCS OAHO(DA3HUIA
TpaHcdopmarop Ta aiogHui micT. st Toro, mod chopmyBaT HEOOXITHI YMOBH JIJIs
po6otu MKC HeoOXimHO miepeadaduTH IKepesio IMITyIbCIB CUHXPOHI3AIIi.

B wmikpokonTposnepax cimeiictea PIC16 mnepenbadeHo paekiibka THITIB
rereparopis. Jns PIC16 xopuctyBau Moske 3amporpamyBatd JBa KOHQIrypariiHux
o1t (FOSC1 1 FOSCO) ansa Bubopy oasoro 3 Yotupbox pexumis: RC, LP, XT, HS.,
ne:

RC — reneparop nHa R C-nani;

XT — cTanaapTHUN KBapLOBUN T€HEPATOD;

HS — BuCOKOUacTOTHMIA KBapIIOBHUI reHepaTop;

LP — Hu3pKO9acCTOTHHI MajIoi TIOTY>KHOCTI T€HEpaTo.

B pexumax XT, LP 1 HS go BuBoniz OSCI/CLKIN 1 OSC2/CLKOUT
MIKTIOYAEThC KBapIIOBUM 00 KepaMIdHUN pe30HATOP.

DD1

—RaA2 RATHE-

—21RA3 RAOF— 74 C1

_ 31 Rras osci e i |

_ 4] 15 = MHz
RAS 0sC2

—=| 14

~gs Vdd— C2

Pucynok 2.2 - Cxema TakTyBaHHsSI MIKpOKOHTpoOJIepa

JIis minKIroYeHHsI pe30HaTopa BUKOPUCTOBYETHCSI THIIOBA CXeMa BUPOOHHUKA.
€MHICTh KOHJICHCATOpPIB MOBHUHHA OyTH B 1HTepBaii Bin 15 mo 22 n®d, oauH BUBII
SIKUX TIKITI0YAEThCS 0 PE30HATOPa, a IHIIUHN 0 3eMJIL.

Y mpuctpoiB, NMoOyJOBaHMX Ha OCHOBI MIKPOKOHTPOJIEpIB mependayeHuit
MEXaH13M amaparHoro peceTyBaHHA. Y MikpokoHtposiepiB PIC16 BuBim, 1o
NpU3HAYCHUN NJI1 pydyHOro mepesamycky HasuBaeTbesi /MCLR. AKTHBHMIA CUTHAT
JUIsl CKWAaHHS — 1ie curHai JjorigHoro 0, mo mnogaerbcs Ha BXim /MCLR  npu
HATUCKaHH1 KHOTIKH S1.
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Jnst 3miaM iporpamuoro 3abesnedeHHs MK BukopuctoByetbest po3‘em ICSP.
Jaauii po3‘em, K 1 OJHOIMEHHHI TPOTOKOJ OOMIHY, JO3BOJIIE€ 3MIHIOBAaTH POOOYi
napameTpu MIKpOKOHTpoJjepa 0e3 BHIy4YeHHS HoTo 13 mpucTporo. [Ipu mpommBanHi
MIKpoKOHTposepa Ha HKKY /MCLR mnogaetscst curnan pisaem 15B. Jlanuii curnan
NO3HAYEHO Ha po3‘emi gk Vpp. 3aAlt0€TbCsl MEXaH3BMY JOCTYIy JO IaM STl
MIKpoKOHTposiepa. JlaHi mepemarothess 1o mHI Data ma BuBiIm PGD
MIKpoKoHTposiepa, npu mpoMmy 3 mHi Clock po3‘emy ISCP moctymae curaan
TakTyBaHHs. JlaHuii curHan npwuiimaetbcs BuBojgoM PGC MikpokoHTpoJiepa, Ta
BIITIOBIIA€ 32 KOPEKTHUM 3aMUC Nporpamu y MikpokoHTpojep. Curnam Vss 1 Vdd
3a0€3MeuyroTh CTAaHIAPTHY HAMPYTY >KUBJICHHA I MIKDOKOHTpOJiepa piBHEM +5B.

Ha enexTpuuHiii NpUHIMIIOBIA CXeMI MOKAa3aHO SIK B3AEMOJIIOTH PI3HI BY3JH
MDK COOOI0 Ta SIKi KOMIIOHEHTH BHKOPHCTOBYIOTHCS JJIsl TIOOYJOBHU MPOEKTOBAHOTO
OPUCTPOIO. 3rITHO 13 II€I0 CXEMOI y MOJAIBIIOMY (POPMYBAaTUMETHCSA MPUHLIUI
poboTu yciei cucteMu Ta amropuT™M (YHKIIOHYBaHHS MIKPOKOHTpOJiEpa, 5K
OCHOBHOTO BY3JIa KEPYBaHHS.

[IpucTpoi BBENEHHSA/BUBEACHHS — 1€ PI3HOTO POy nepudepiiiHi MOy, sK1
HIIKIIIOYAIOTECS 10 (PYHKLUIOHAJIBHO 3aBEPIICHOr0 MPUCTPOIO ISl  KEPyBaHHS
po0OTOIO IHOTO MPUCTPOIO Ta OTPUMAHHS IHPOpMaITi Mpo BUKOHYBaHI HUM (DYHKITIi.
Hanpuknan, nis [IK Takumu npuctposiMu € KiaBiaTypa, MUIIKa (IPUCTPOI BBECHHS)
Ta MOHITOP 1 IpUHTEP (IPUCTPOi BUBEIACHHS ).

Jlyis  MIKpOKOHTPOJIEPHUX CHCTEM HOMEHKJIaTypa MpPUCTPOIB BBEICHHS YU
BUBEJICHHS Jenlo iHma. [Ipuctposmu BBOAY KpiM KiaBiaTypH (KJIaBiaTypHOI MaTpHIL)
MOXYTh Oy PI3HI TaTYUKU — TEIUIa, BOJOIOCTI, 3ara3oBaHocTi, [Y-naTdyuku, To1o. ..
B cBoto uepry npucTpoi BUBOY Takox He oOMexyroThcs MmoHiTopoM. s MKC e,
— SK TIpaBwio, — 3HaKocuMBOJIbHI a00 rpadiuni PKI, CCI, akycTuuHI eneMeHTH
(Oimepu, AUHAMIKH), HABiAb 3BUYAHI CBITIIO IO TH.

HaifmpocTimii 13 1UX MNPUCTPOIB BBEICHHS/BUBEJCHHS IHTETPYIOTHCS B
MPUCTPIA Ta MITKIIOYAIOTHCS 0€3M0CePeaHbO A0 MOPTIB MIKPOKOHTPOJIEpa, MPOTE € 1
TaKi, IJIsl MIKIFOYEHHS SIKUX BUKOPUCTOBYIOThCS IHTEP(DEMCHI po3‘ eMHU.

IaTepdeiic — y MIKpOKOHTpOJIEPHIN TEXHINI — Ie HaOlp IPOBITHHUKIB, SKI
BUKOPHUCTOBYIOTBCSl U1 TIAKIFOUEHHS 30BHIIIHBOTO TPUCTPOIO BBOIY/BHBOIY Ta
3a0€3MeuyIoTh peali3allilo MPOTOKOY Mepenadl AaHux. SIK mpaBWiio, Taki Ipynu
NPOBITHUKIB 00°€THIOIOTECS B MEKaxX OJHOro po3‘emy. Hampukmnan, i 30BHIIIHIX
npUCTPOiB, skl mpaiooTs o USART/RS-232 mpoTokomy, rpymna IpoBiTHUKIB, sSKa
3abe3rmeuye 3BSI30K 13 MIKPOKOHTPOJIEPOM OCHOBHOTO TIPUCTPOIO TIO IHOMY
IPOTOKOJY 00°€aHIOEThCS y po3‘eM Triry D-SUBO.

HaBenena enekTpuyHa NPUHIAIIOBA CXeMa MpaIfoe€ HACTYMHUM 4uHOM. [licns
1o1a4i KUBJICHHS] MIKPOKOHTPOJIEp MOKPOKOBO BUKOHYE TpOrpamy, IO 3aKJIaJcHa y
foro mam'site mporpam. Ilepimm eranom € iHIiaa3aIis TOPTIB MIKPOKOHTpOJIEpa Ta
Horo BOyJIOBaHMX MOJYJIB. AKTUBYEThCS IHTEp(eEic 3B'I3Ky Ta BUKOHYETHCS OOMIH
JAHUMH.
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Pucynok 2.3 - EnexrpuuHa npuHIMNOBa cxeMa po6otu CUCcTeEMU MOHITOPUHTY
TEMIEPATYpPHU

Tabmuus 2.1 — Tlepenik eneMeHTIB eNeKTPUYHOT IPUHIIMIIOBOI CXEMU

HasBa exemenTa

[o3nauenusa

Homizan

1 Tpancdopmarop TR1 220B

2 Jio qHunit MicT VDS1 D13A4

3 Perynsrop nHanpyru DD1 7805

4 KBapruesi pezonaropu 71,72 4MI't

5 KBapruesuii pezoHarop Z3 32768I'n
6 Konnencarop Cl1 100MmkD
7 Konpencarop C2 10Mx®D

8 Konnencatopu C3,C4,C5,C6 150®

9 Pesucrtopu R1,R3, R4, R5 10kOM
10 Pesucropu R2 1kOm
11 MIKpOKOHTpOJIepH DD2,DD3 PIC16F877,

PIC16F689

12 JlaTumk Temmeparypu IC1 LM35
13 1-psnxosuii PKI LCD LMO16L
14 Knomka-nepemMukad S1,S2 SK1-53

[EEN
a1

Mopynb peasbHOro yacy

1C2

DS1338

[EEN
(op}

barapes

Batl

3.3B
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2.2 CTtBopenHs npoekTy B cepenosuini PROTEUS VSM

binbmiicTe pagioaMaTopiB CTUKAIUCS 13 CUTYaIli€l0, KOJU 3a OpakoMm AOCBITY
YU TPUCYTHICTh MOMHIJIOK y cxeMi abo 3K 3a HIIMMH OOCTaBHUHAMH, IICYBAJIU
paaloeNneKTPOHHI KOMIIOHEHTH.

3'sBUsIacs BeNM4e3Ha KUTbKICTh MPOTpaM CUMYJISITOPIB, 10 3aMIHIOIOTh peallbHi
pamioaeTani ¥ mpuiaaau, BIpTyalbHUMH MoJeasiMu. CUMyISTOPH A03BOJISIIOTH, 0€3
30MpaHHsl PEATHHOTO MPHUCTPOIO, HAJTATOJUTH POOOTY CXEMH, 3HANTH TOMUJIKH,
OTPUMAaHI Ha CTAJ(li MPOEKTYBAHHS, 3HATH HEOOXITHI XapaKTEPUCTUKU i OaraTto 4oro
iHmoro. Oxxiero 3 Takux mporpam € PROTEUS VSM.

Proteus VSM cknagaetbcss 13 aBOX camoctiiiHux mporpam ISIS ta ARES.
ARES 1e TtpacupyBalbHMK JPYKOBAaHUX IUIAT 3 MOJKJIMBICTIO CTBOPEHHS CBOiX
016mioTek. 3amyck nporpamu BinOyBaeTbesi 3 MeHio Ilyck — I[Iporpamu - Proteus 7
Professional - ISIS 7 Professional. [lpu 3amycky mporpaMu 3'SBISETBCS OCHOBHE
BikHO Tiporpami ISIS 7 Professional.

HaitOinpbiimii  mpocTip BiaBeaeHui mif BikHO penaryBanHs EDIT WINDOW.
Came B HbOMY BiZOYBAalOTHCSI BCl OCHOBHI IMPOLECHU CTBOPEHHS, peAaryBaHHS W
HAJIarOJDKEHHS CXEMH MPUCTPOoro. JIBopyd yropi ManeHbKe BIKHO TOIMEPETHBOTO
nepersiny Overview Window 3 #oro J0momMororo MokHa MepeMIIyBaTUCs 10 BIKHY
penaryBaHHs (KJIaljarouu JIBOIO KHOMKOI MHUIII MO BIKHY MOTIEPEIHBOTO MEperisiay,
MO>KHa TEpeMIllyBaTH BIKHO peAaryBaHHS 3a CXEMOIO, SIKIIO 3BUYAaWHO CXeMa He
BMIILIAETbCSL y BIKHO). [lepemiliyBaTu BIKHO pelaryBaHHs 3a CXEMOIO MOXKHa LIe
yrpuMytoun HatucHyToi kHomky SHIFT Ta pyxatroum KypcopomM Muim Mo BIKHY
penaryBanHsi. HaOmuxyBaTu ¥ BiJJaIaTH CXeMy Yy BIKHI MOXHa KHonkamu F6 it F7
a0o x kojecoM mull, F5 neHtpye cxemy y BikHI, a HaTuckaHHA F8 migranse po3mip
CXEMHU TII-BIKHO pelaryBaHHS.

55 UNTITLED - ISIS Profescianal (Demo)
Fle View Edit Lbrary Tools Dosign @rsph Souce Debug Template System Help

DSRS0 Q‘E Blzi+ +QQRQ | <> | frdA T ETHEN.-» DR | = D lE?q é

N
»
L
e — 4
& 1N CEvice
. [%
1>
- S
[ =]
&
V4 i
Pl |
Ccolr -t » » 1l [ ] ROOT S5HEET Y 200 1600 %

PucyHok 2.4 - OcHoBHe BikHO nporpamiu ISIS 7 Professional 1 BikHO
HOTIEPENHBOIO MEPETIIAY.

[Tig BiKHOM TIOTIEpEAHBOTO Tepersny 3HaxoauThes: Object Selector - crmmcok
o0paHuX y el MOMEHT KOMITOHEHTIB, CUMBOJIIB 1 IHIIMX €JIEeMEHTIB. Bup ineHuit y
CIIUCKY 00'€KT BI1OOpakaeThCsl y BIKHI MOMEPETHHOIO MEPETIISY.
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Bcei moximBi pyHKII Ta iHCTpyMeHTH Proteus VSM noctymHi uepe3 rojioBHe
MEHIO, 4Yepe3 MIKTOrpaMHu SKI 3HAXOAAThCS I MEHIO 1 Y JIIBOMY KyTi OCHOBHOTO
BIKHA Ta uepe3 rapsui KJaBilli, sIKi MOXXYTh MNEpENpU3HAYYBATUCA KOPHCTYBAuEM.
BHu3y OCHOBHOro BIKHA PO3TaIllOBaHI: KHOMKH OOEpTaHHS Ta PO3BOPOTY 00'€kTa
HABKOJIO CBOE€I OCl, MaHENb KEPYBaHHs IHTEPAKTUBHOKO CHMYJLIEI - BUIIANAE SIK
MarHitoponHa i ¢ymkuii Taki x: IIYCK , TIOKPOKOBHI PEXHM,
[MTAY3A,CTOIL.

’ i |

COPF et | [ » [ 1 [ m] ROOTSHEET A0 4W th

Pucynok 2.5 - [lanens kepyBaHHSI IHTEPAKTUBHOIO CUMYJISIELO.

Cepenoumie PROTEUS wmae BemuuesHy  OI0I0TEKYy — €JIEKTPOHHHUX
KOMIOHEHTIB. Bci enemenTu nepedyBaroth y 0i0smioTeri komnoHeHTiB. 1100 mo Hei
notpanuT notpioHo nepeitu B peskum COMPONENT (koMNoHEHTH), HATUCHYBIIN
BinnoBinHy niktorpamy P (Pick devices) a0o nBidi KiIamHyBIIH JTIBOIO KHOTKOIO B
no1i BuOopy kommnoHeHTiB Object Selector.

KoMmmoneHTr MoOXHa BHOMpATH TO KAaTEropiix, Ta y CHHCKY. 300pakeHHS
KOMIIOHEHTa 3'SBUTHUCA Yy BIKHI momnepenHboro neperysany. o0 po3mictutu
KOMITOHEHT Ha po00oYOMY T0JIl TOTPIOHO HABECTHU KypCOp MHIII Ha MOTpiOHE MicTIe 1
KJIAITHYTH JIIBOIO KHOMKOIO Muil. [1l06 3’ €nHat BUBOM KOMITOHEHTIB TIPOBITHUKOM
NOTPIOHO MIABECTU KYpPCOpP MMIII O BHMBOAY KOMIIOHEHTA, IMICJs MOSIBU HAa BUBOJI
KOMITOHEHTa XpEeCTHKa MOTPIOHO KJIALHYTH JiBOIO KHOMKOIO MHUIIII 1 MABECTH KypCOp
MHUIII IO BUBOY IHIIIOTO KOMIIOHEHTA.

i Pick Devices

Macka: Pesynetare [625]: MpoctaTp Cremel:
| YerpoiicTeo | Butinmorera | OnmcaHue # | |{4ErD He BBIGPAHD 407 NPOCHOT
CnoBo we ko 555 AMALOG Tirner/Qzcillatar
T 0AEKD MOQEMHPYEMBIE 7HER AMALOG CMOS Timer/Qscilator
7805 AMALDG 5 Fixed 14 Positive Power Supply Regulator
Kareropus 7406 ANALDG B Fized 14 Positive Power Supply Regulstsr PEB Mpockorp:
[Boe kareropuu) A | 7008 AMALOG 8 Fized 14 Positive Power Supply Regulator
He K NaccHpHLMpOEaHHEIE 7809 AMALDG 9 Fixed 14 Positive Power Supply Regulator
70 AMALDG 100 Fired 14 Positive Power Supply Regulat
Capacitors _ ez AMALDG 12 Fied 14 Positive Power Supply Regulab
CMOS 4000 series 7815 ANALOG 15 Fied 14 Positive Pawer Supply Regulat .Y
Connectors Tols AMALOG 18y Fised 14 Positive Power Supply Feaulat R .
Laplace Primitives 78024 ANALDG 24V Fised 100mé Pastive Power Supply Fieg =
mechanllccs 78540 AMALDG 1.54 Universal Switching Regulator Subsyste il\i e Jmi
Mg“fp’fm:ssm s 7905 AMALOG 5 Fixed 14 Negative Power Supply Regulat -
Miscelaneous 706 AMALOG BY Fixed 14 Megative Power Supply Regulat
Modeling Piniives 7308 ANALDG 8V Fired 1 Negalive Power Suppl Requiat i 9
Dperationial Amplifiers 7309 AMALDG 9 Fived 14 Negative Power Supply Regulat K
Nntnelerhnmics | | 7310 AMALOG 104 Fived 14 Megative Pawer Supply Regulz
iz AMALDG 12 Fised 14 Negative Power Supply Regulz
Mogkarerops: 7915 AMALDG 15 Fired 14 Negative Power Supply Regulz
BeE TOnR e ] > 718 AMALDG 18y F@xed 14 Negat@ve Pawer Supply Requlz
e 1%k BBOE e iendiabovs vl res
Filters 7oLz AMALOG 124 Fived 100ma& Megative Power Supply Re | | | OrraeHa |
Misnallanan e 7a015 AMALOG 254 Fiwed 100mé Neaative Power Suooly Re

Pucynok 2.6 - bibnioTeka eIeKTpOHHIUX 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
LM020L
RY | R3
10k] | 10¢
U4
U1 U3
% OSCICLKIN RBUINT ij ! : SCL X1
2770 L osczrcwour il s SDA
D o —— MELRMppiTHY RB2 —;6
2 & RB3PGM ? 7
vouT = RAGNO RE4 (== L sour v v
- RATIANT RES - 5 o o
— RA2IN2IVREF- RBOPGC = Symar x2 i E
| =2 RAS/ANSIVREF+ RBI/PGD fete -
3 LM3s 3_ RATOCHI P DS 1307
— —{ RASIANASS  RCOTIOSOMICKI [—%
e . ~ RCUTIOSICCR? [ -
— | REVANGRD RG2ICSP1 "é o o U2
O oo s e RAGIANDIC!IN#ICSPDATIULPWY  RCOANAC2ING
REZIAN] ot T RATIANT/C! 2IN-VREF/ICSPCLK RCIANSCI2INT-
e RAZANZTOCKUINTICIOUT  RO2IANGICI2ING-
Kl w RAXMOLRIVEP RCBANTIC12IN3-
£ — RALANSTIGIOSC2ICLKOUT RC4/C20UT
] 1 RASTICKIIOSC VELKIN RCS b=
RO0PSPO (2 RCBIANSISS (2
ROYFSM e RB4/AN10/SDUSDA RCTANS/SDO i
RD2PSPZ =2 RBSANTIRKIDT
RD3PSPS (=== RBB/SCKISEL
RD4IPSP4 =08 RETTXICK
RDS/PSPS _EQ
ROGPSPS (22 PIC15F680
RD7IPSPT [—22
PICToFET7

Pucynok 2.7 - JlocnimxkyBaHa cxema
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3 PO3POBKA NTPOI'PAMHOI'O 3ABE3ITEYEHHA MKC
3.1 Po3podka anropurmy ¢pynkuionysanass MKC

AJNTOpPUTM — 1€ MOCJIIOBHICTh, CHCTEMA, HA0Ip CHCTEMATH30BaHUX IPAaBUJ
BUKOHAHHS 00YHCIIIOBATILHOTO TMPOLIECY, 0 000B'S3KOBO MPUBOIUTH J0 PO3B'sI3aHHS
MEBHOTO KJAcy 3adad MiC/Id CKIHYEHHOro 4Ywucja orepamiid. [lpm HamwmcanHi
KOMIT'IOTEPHUX MPOTpaM aICOPUTM OIUCYE JIOTTYHY MOCTIAOBHICTH oneparid. J{is
BIBYAJIbHOT'O 300payKEHHS JITOPUTMIB BUKOPUCTOBYIOTH OJIOK-CXEMH.

brok-cxema — cxemarndHe 300paXeHHS MOCIITOBHOCTI Jii, CIIPSIMOBAaHUX Ha
JIOCSITHEHHSI CIUIbHOI METH Ta iX ocoOmmBocTel. Po3min mporpamu, y sSIKOMy
BiIOYBA€THCS 3aHECEHHS 3HAYEHHS 3MIHHUX MOJAETHCS Y BUIJISI MMapajenorpama, B
SKOMY TIepepaxoBaHi iMeHa UX 3MIHHUX. Po31i1 mporpamu, y sikOMy BiTOyBa€eThbCs
BUKOHAHHS TIEBHOI OIepallii moaeThes y popMi MPSIMOKYTHHKA, a PO3ALT ITEPEBIPKU
yMOBU — y (opmi pomba. KpiM TOro MoXyThb BHUKOPHCTOBYBATHUCH PO3JUTH, SKi
MOBTOPIOIOTh TEBHUM HAOIp KOMAaHJ JJii IHIIOTO aHAJIOTIYHOrO BHUIAAKY. Taki
pPO3JUTM HA3MBAIOTh OJOKOM PIEHTUYHUX OIepalii Ta 300paxyloTh Yy BUIUIIAL
mecTUKyTHHKA. Ille omuH po3aul, IO € MOmMpEeHuM y mporpamMax — Iie PO3ILT
BUKOHAHHA MiAIporpaMu. 300paxyeThcsi BIH y (QOpMI MPSIMOKYTHHKA 13 JBOMA
BEPTUKAJIHbHIUMH CMYTaMH T0 KpasixX (Girypu Ta 3anucom Y HEOMY Ha3BH nmnporpaMH

Kosxen anroputm € cnuckoM 100pe BU3HAUEHUX HCTPYKUINA I pO3B'sI3aHHS
3anayvl. [louynHarouu 3 MOYATKOBOTO CTaHY, 1HCIpyKu11 ITOPUTMY OIHCYIOTh MPOLIEC
OOYHCIIEHHs, SIKI BiAOYBalOTbCS Yepe3 TMOCIHIIOBHICTh CTaHIB, S$Ki, 3pEUITOlO,
3aBEPIIYIOTHCS KIHIIEBUM CTAHOM.

[lpyHumnu noOyAOBH NPOrPaMHOIO 3a0€3MEYEHHS TOYHO Takl XK, fAK 1
arapaTHOi YaCTHUHH: CTBOPEHHS KIHIICBOTO MPOAYKTY 3 TOTOBUX OJIOKIB - IMAIIPOTPAM.
Ako Bco poOOTy mporpamMu po3MICTUTH y BEKTOpax IMepepuBaHb, TO OCHOBHHUMN
JIOJIaTOK HISK HE BiqUye€ BUKOHAHHS (parMeHTIB CyCigHIX miamporpaM. ['ojoBHe
BU3HAYUTH MO>KIJIMBOCTI aniapaTHOl YaCTHUHHU.

[IporpamMuae 3a0e3meyeHHS MIKpOKOHTpOJiepa HEoOXigHO OyayBaTtd 3
MaKCUMAILHUM BHUKOpPUCTaHHSIM Tmepudepii. Ilpu mpoMy sapo HEe BHKOHyBaTuMe
0e3J1141 pyTUHHUX OIeparlii.

[Ticns BKIIOYEHHS JKUBJICHHS CEpBICHA IMporpama IOYHHAE MPOBOIUTU
Himiarkaniro. Ha modarky mnporpaMu MPUKPILTIOETHCS — (aim 010Ti0TeKH
MIKpOKOHTpOJIepa, IICJIS YOro OTOJIOIIYIOTHCS OITH MOPTIB 1 PEricTpU IMaM'siTi, 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 noJiermmty (opMyBaHHS MPOTPAMU - TPUCBOIOETHC 111 Ha3Ba.

V HOoHATTS HIIAIBAIl BXOIUTh:
® TPUCBOEHHS MOYATKOBUX 3HAYEHb BCIM 3MIHHUM MPOTPaAMU;
® HaJAINTYBaHHS BCIX BHYTPIIIHIX CUCTEM MIKPOKOHTPOJIEPA;
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® BITHOBJICHHS PEXUMIB POOOTH CHUCTEMH, BCTAHOBJICHUX Yy TOTIEPENHBOMY 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
nepepuBaHb MIKPOKOHTPOJIEpa.

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

KpiM KOHCTaHT, sIKi, BIIMOBITHO 10 CBO€I HA3BH, MPOTIATOM YChOI'O 4Yacy
poOOTH MpoTpaMu HIKOJIM HE MIHAIOTHCS, Y POTpaMi iICHYIOTh 3MiHHI. [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 POMDBKHUIN pe3yJbTaT O0YUCTICHD.

? Dout S
(Din [louaTok ) (Pout TlouaTok )

IHILHTAJII3ALIIA MK
HAJALITYBAHHA NOPTIB

MSSP SP1, ADC

THIHIAIZALILA MK
HAJALITYBAHHA NOPTiB
MSSP SPI,

Y

3UHTYBAHHA JaHHX 2
AaBayda TeMIeparTypH
LM35

OTpHMAHHA JAHEX
3 Ul ua U2

Y

']‘I“T}'Ballﬂﬂ JAHHX 3

MOJYJIH PealibHOr0 4acy

MMiaroTrorka nanux
nas eneeaenns PKI1

O0podka JaHux 12
nepenata va U2

Pucynoxk 3.1 - brok-cxemu po6otu CricteMa MOHITOPUHTY TEMIIEpATypu
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3.2 KongirypyBanHss npucTporo 3 Bukopuctanuam aupektuBu _CONFIG

CimeiictBo MikpokoHTpoJiepiB PIC16 mae Habip cnemianbHuX ¢GYHKIIIH,
NPU3HAYCHUX [JI1 PO3MIMPEHHS MOXJIMBOCTEM CHUCTEMH, MIHIMI3allii BapTOCTI,
BUKJIFOUCHHS HaBICHHX KOMIIOHEHTIB, 3a0e3McueHHS MIHIMAJILHOTO
CHEPrOCTIOKUBAHHS 1 3aXUCTy Koay Bin 3untyBaHHsA. B PIC16 peanizoBani HacCTyIHI
crieliaTbH1 PYHKIII :

BUOIp TUITy T€HEPaTOpa;

CKUJIaHHS,

CXeMa CKHUJIaHHS M0 BKJIIOUEHHIO KUBJICHHS ;

taiimep ckunanns (DRT);

cropoxoBuii Taiimep (WDT)

PEXHUM NOHMKEHOTO eHeprocnoxuaHHs (SLEEP);

3aXHMCT KOAY Bl 3UUTYBaHHS;

o1tu ineHTudikarii.

B perictpi kKoH}Irypaiii onucyroThest 01T KOHPIrypailii, B Kl BXOSTh:

01T 3aXUCTY

01T 103BOJTy pOOOTH TaliMepa BKITFOUCHHS JKMBJICHHS

01T 103BOJTY pOOOTH CTOPOKOBOTO Taiimepa

BUOIp TUITy reHeparopa

bitn koHdIrypanii 3agatotecs 3a nonomororo aupektusu _ CONFIG.
@®parMeHT 3aroJjioBKy IPHU HAMTMCaHHS MpoTrpamu 11t MikpokoHTposepa PIC16F877 3
BUKOPUCTaHHIM MOBH C:
__CONFIG(FOSC_XT&WDTE_OFF&PWRTE_OFF&CP_OFF&BOREN_OFF&L
VP_OFF& CPD_OFF & WRT_OFF &DEBUG_OFF);

@®parMeHT 3aroJioBKy MPY HATUCAHHS IPOTPaMHU JJIsi MIKPOKOHTPOJIEpa
PIC16F 689 3 Bukopuctanusim MoBu C:

#include <pic.h>
__CONFIG(FOSC_INTRCIO&WDTE_OFF&PWRTE_OFF&CP_OFF&BOREN_O
FF&LVP_OFF&CPD_OFF&WRT_OFF&DEBUG_OFF &MCLRE_ OFF);

3.3 HanmucaHHs Kepy4o0i NporpamMm st MiKpOKOHTpoJIepa

[Ticns BKIIOYEHHS JKUBJICHHS CEpBICHA IMporpama IMOYMHAE MPOBOJUTH
HinlanB3anito nanux. Ha mouatky mporpamMu NpUKPIUTIOETHCS ¢aitn 610110 TeKu
MIKPOKOHTPOJIEpA, MICJS YOro OTOJIOLIYIOTHCS OITH MOPTIB 1 PEriCTpH MmaM'siTi, sKi
BUKOPHUCTOBYIOTBCA B mporpami. JlaHWid TN MIKPOKOHTpOJEpa Mae€ BUIbHI IS
BUKOPHUCTAHHS KOMIPKH IMaM'sITi 1, 00 MTPpH KOXKHOMY 3BEPHEHHI JIO TTIEBHOI KOMIPKH
HE OMHUCYBATH ii afpecy, Ta MOJETIIUTH (OPMYBAHHS NPOrpaMu - TMPHUCBOIOETHCS 11
Ha3Ba.
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VY NoHATTA HIIaN3aIlli BXOJUTh:
® TMPUCBOEHHS NMOYATKOBUX 3HAYE€Hb BCIM 3MIHHUM IPOTPaMH;
® HaJAITYBaHHS BCIX BHYTPINIHIX CUCTEM MIKpOKOHTPOJEPa;
® BIJHOBJICHHS PEKUMIB POOOTH CHUCTEMH, BCTAHOBJIICHUX Y TIOTICPEIHBOMY
ceaHcl poOOTH NUIAXOM 3YUTYBAHHS BIAMOBIIHUX MapaMeTpiB 13 Quieni-mam'sTi;
® BUKOHAHHS MIANPOrpaM, MPU3HAYEHUX MJII YCTAHOBKM BCIX TepHUQepitHuX
NPUCTPOIB CXEMH MO3MIIOHEpPA y BUXIIHUN CTaH (OYMILEHHS IHAUKATOPIB,
MITBEPKCHHS KOMaH/IW 3yMIUHKH JIBUT'YHA TOIIIO...);
® BUKOHAaHHS [MIIANPOTPaMU 3aIyCKy CHUCTEMHHMX JHYWIbHUKIB-TAiMEpIB 1

MEXaHI3MY TIepepUBaHb MIKPOKOHTPOJIEpA.

KpiM KOHCTaHT, sKi, BIIMOBITHO JO CBO€I HAa3BH, MPOTATOM YCHOTO Hacy
po0OTH MporpamMu HIKOJIM HE MIHSIOTHCS, Yy MpOrpaMi ICHYIOTh 3MiHHIL. [1ix 3MiHHOIO B
nporpami po3yMieTbesl iM's perictpa, abo aapeca KOMIPKM MaM'siTi, 1€ B MPOIEC]
BUKOHAHHS IMPpoTpaMu Oyje TUMYAcOBO 30epiraTucs 3a3majierias HeBlIoMa BEIMYNHA,
a00 POMDKHUN pe3yJbTaT 00YHCIICHb.

[Ticnst BUKOHAHHSA MOZAYJS HIIANB3aIl NporpamMa NepexouTh A0 OCHOBHOIO
UK. Y IIbOMY LUK pOrpama rnepedyBae yBech 4ac, MOKHU BKIIFOUEHE JKUBIICHHS.

[lepiioro 4acTUHOIO HAIIOTO MPOEKTY OyJI0 HAIMMCAHHS TEKCTY MPOTrpamu s
NEPIIOTO MIKPOKOHTpPOJIEPa, 0 BUKOHYE (DYHKIIO OJEp>KaHHS JaHMUX 3 MPHUCTPOIB
DS1338 ta LM35, a Takoxk 00poOKy Ta nepefady gaHux Ha apyruit MK.

HaBenennii Hmwx4e MOAYAh TPOrpaMu 3IIMCHIOE IHIIAT3aIlll0 TOPTIB
mikpokoHTposepa PIC16F877 ta momyns SPI:

#include "MK _init.h"

II---- oric QYHKIH ---------=-===-m---m -

void MK _init(void)

{

/I--HananrryBauHs mopTis--//

//manamryBanss nopra B Ha BBeaeHHs, okpiM 6ira RBS5, TOMY 110 BiH BUKOPHUCTOBYETHCS SIK
Kepyrounii 61r B mpotokoiii SPI

TRISB=0b11101111;//mepuri iBa BUBOIM 3AIMCHIOIOTh YNTaHHs naHux 3 DS1338

TRISA1=1;//BuBin untanus ganux 3 LM35

TRISC=0; //mopt C BCTAaHOBIIOEMO B PEKHUM BHBEACHHS, OCKUIBKH IO I[BOMY MOPTY
31 CHIOETHCS 3B’ 30K 3a JJAHUM [TPOTOKOJIOM

/[--------—-- MISSP SPI -----------// HanamryBanHs MO YJIsI TPOTOKOJY

II--- SSPSTAT

SMP=0;// onutyBaHHs BXOYy B CEpEeHHI I1epioAYy BUBEICHHS JaHUX

CKE=0;// BuGip (poHTY TAaKTOBOTO CHTHAIY, JaH1 MEPEAAIOTHCS IO 3aTHBOMY (POHTY
curany Ha BuBin SCK

/I--- SSPCON1

CKP=0;// naninepenaroTscs 1o 3aqHp0MY (HpoHTY curHany Ha BuBin SCK

// Pexxum poboTu moaymst MSSP:

// Benyumnit pexum SPI, rakroBuii curnan = Fosc/4
SSPM3=0;
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SSPM2=0;
SSPM1=0;
SSPMO0=0;
SSPEN=1;
GIE=0;

}

[Ticns Hiiaizamnii MU BUKOHYEMO HallMCaHHSI KepyroUoi nmporpamu y daini main.c :
__ CONFIG(FOSC_HS&WDTE_OFF&PWRTE_OFF&CP_OFF&BOREN_OFF&LVP_OF
F&CPD_OFF&WRT_OFF&DEBUG_OFF);

#ifndef XTAL _FREQ
#define _ XTAL_FREQ 4000000
#endif

#include "MK init.h" /minkmouenns Qaitny Himianizamni MK
#include "i2¢_p.h"//minkirouenns gaiiny 3 GyHkiisiMu 1 podoru 3 DS1338

/---- OCHOBHA TTPOT'PAMA -----------=-------

void main(void)

{

MK init();/minxirouenss ¢ainy Himianizamnii MK
while(1)

{

//CriodaTKy MM 3[I{CHIOEMO OTPUMaHHS TaHUX PO Temrepatypy 3 LM35
RB4=temp;
spi_trans(temp);//Ta mepenaemo 11e 3Ha4eHHs Ha apyruii MK

//Jlasti My 31IICHIOEMO YHUTaHHS Ta nepenady nanux yacy 3 DS1338 na npyruiit MK:
2c_start p();//moyaTOK YUTAHHS JAHUX
i2c_trans_p(0b11010001);//0xD1
sec=12c_recieve_ack p();/3anuc gaHux y 3MiHHY
hvl=i2c_recieve ack p(); /3amuc naHux y 3MiHHY
god=12c recieve nack p(); //3amuc naHux y 3MIiHHY
i2c_stop_p();

spi_trans(sec);
spi_trans(hvl);
spi_trans(god);

¥
¥

Jlpyroro 4acTMHOIO HAINOTO MPOEKTY OyIo HAMUCaHHS TEKCTY MPOrpaMu Ijs JIPYroro
MIKPOKOHTpOJIEPA, 10 BUKOHYE (PYHKI[iFO oiep>kaHHs faHu X 3 nepmoro MK ta BUBOAUTH OTpUMaHi
naHi Ha ogHopsakouid PKI.

HaBenenuii HMX4Ye MOIYNIb MPOTPaMU 3AIMCHIOE IHIIIATI3allf0 MOPTIB MIKPOKOHTpOIEpa
PIC16F689 ta momyns SPI:
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#ifndef XTAL _FREQ
#define  XTAL_FREQ 4000000
#endif

#include "MK _init.h"
II---- ormic QYHKI ------=--=--=-m---m---
void MK_init(void)
{
/I--HanamryBanus mopTis--//
//BUKITIOYAEMO aHAJIOTOBO-1M(POBHIl epeTBOpIOBaY
CHS3=1,
CHS2=1,;
CHS1=1;
CHS0=1,

TRISA=0;//mopT A HalamroByeMO Ha BUBEACHHS, IS TOTO OO BUBOJUTH BIIMOBITHI
cumBoin PKI

TRISC=0b11111000;//mepuri 61TM 1aHOTO MOPTAa MU HAJIAIITOBYEMO Ha BUBIN, OCKUIBKU II€
kepytouiOitu PKI, a 7 Ha BBin, ToMy 10 11 KEPYIOUUN OIT TPOTOKOTY

//BuBoau Ha nopty B nns BuBenenns nanux Ha PKI:

TRISB5=1;
TRISB7=1;
//BuBomn oaepraHHs naHuX 3 nepmoro MK:
TRISB4=1;
TRISB6=1;

[[---==-==--= MISSP SP| --------mmemmemm oo

/[--- SSPSTAT

SMP=0; // onuTyBaHHS BXO/Iy B CEpeMHI MepioNy BUBEICHHS TaHUX

CKE=0; BuOip (¢poHTY TaKTOBOIO CHUTHANy, JaH1 MEPeAaloThCs MO 3aTHBOMY (POHTY
curHary Ha BuBing SCK

/l--- SSPCON1
CKP=0; // naninepenarotbcs 1o 3aAHLOMY (GpOHTY curHany Ha BuBing SCK
// Pexxum podotu moayist MSSP:
// Benennit pexxuMm SPI, rakrosuii curaan 3 BuBoga SCK. Busin -SS
SSPM3=0;
SSPM2=1; //slave
SSPM1=0;
SSPMO0=0;
SSPEN=1;
GIE=1;
}

[Ticns Hiiaizamnii My 3iICHYEMO HaITMCAHHS KepyroUuoi mporpamu y ¢aiini main.c :
void main(void)

{



MK init(); /mMoaynp Himianizamnii MK

led_init(); //monyns Himianizanii PKI

while(1)
{

//BUKOHYEMO 3YMTYBaHHS AaHuX 3 mepimoro MK, a came vac:

sec=spi_receive();
hvl =spi_receive();
god =spi_receive();

//Ta Temmieparypy:
temp=spi_receive();

//HacTymHUHN (parMeHT 3iHCHIOE BUBEICHHS OTpUMaHuX qaHux Ha PKI:

/[dac

lcd _pos(0);//BcTanoBiienHs Kypcopa B 0 TTO3UITiFO
sprintf(MAS, "%x:%x:%x", sec, hvl, god); /BuBeneHHs caMuX TaHUX

lcd_string();
//Temmepatypa

lcd _pos(8); //BcTaHoBIEHHS Kypcopa B 8 IMO3HIIIO

sprintf(MAS, "%x", temp); //BUBEeCHHS TeMIiepaTypu

lcd_string();
}
}

Time: 16-28-08

Date: 10-12-25
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BUCHOBKUA

B mporeci KypcoBOTO MPOEKTYBAHHS PO3TJITHYTO TMPHWHIIMAIU TPOEKTYBAHHS
OpUCTPOiB 1 cucteM, MmO TMOOYIOBaHI 3 BHUKOPHCTAaHHAM OJHOKPUCTAIHHUX
MIKpoKOHTposepiB (¢ipmu Microchip. [1ig yac BUKOHaHHS MPO€EKTYBaHHS 3AIMCHEHO
3aKpIUICHHS TEOPETHYHUX 3HAHh Ta MPAKTHYHUX HABHYOK TIO peai3allii erariB
MPOEKTYBAHHA. Y3arajJlbHGHO TEXHIMHUN Mmarepiasl Jjisi (OpMYyBaHHS OCHOBHOI imel
MPOEKTYBAHHA. 3AIMCHEHO aHali3 BXIAHUX JaHUX, OOIPYHTYBaHHS 1 CHHTE3
CTPYKTYpHOI cxemH. JleTambHO pO3IISIHYTO CKJIQAOBI amapartHoi YacTUHU 1X
MpU3HAYEHHS 1 0cO0MMBOCTI (yHKITIOHYBaHHS. [IpoaHanizoBaHO HJOKyMEHTAIlif0, 1110
omucye podoty ckiamoBux By3diB MKC. Ha ocHOBI WX [JaHMX ONHMCAHO Ta
CIIPOEKTOBAHO MPHHIIUTIOBY CXEMY Ta aJlTOPUTM POOOTH.

Jis mobynoBu OJOK-CXeM, aIrOPUTMIB Ta MPUHIUIIOBHX CXEM 3aKPIIJICHO
HAaBUYKH poOOTH 3 mporpamoro sPlan. JIis HamucaHHS 1 BJaroKeHHS MPOrpaMHOTO
3a0€3MeUeHHs] BHUKOpPUCTaHO cepeaoBuile po3podoku MPLAB 8.92. V mpomy
CEpPEIOBHILI CTBOPEHO MPOEKT, HAMMCAHO TEKCT MPOTpaMH 3 BUKOPHCTaHHAM MOBU C,
1 3aiicHeHo  komnusinito 'y  hex-¢aitn. CepemoBuiie  po3poOKH  MOXe
BUKOPHCTOBYBATUCH PA30M 3 MporpamMaTropamH JJisl 3alMCy TOTOBOTO BUXITHOTO KOy
MPOIIMBKY y TIaM'SITh IPOTrPaMK BUOPAHOTO MIKPOKOHTpOJIEpa.

[lpy HanmcaHHi TeKCTy mnporpamu Cc(OPMOBAHO 3HAYEHHS pericTpa
KOH(Irypallii 3a 1aHUMHU JOKyMEHTallli BUPOOHUKA, OMUCAHO PETICTPH CIEIlAIbHUX
GYHKIII Ta 3araibHOTO MPU3HAYCHHS.

[IpoBeneHo iHiiANI3aIlI0 MIKPOKOHTPOJIEpa, HOTO BY3JIIB Ta MOIYJIIB.

Jlna 3a0e3nedeHHss poOOTH nepuepiiHUX MPUCTPOIB 3AICHEHO KEpyBaHHS,
OpuiioM Ta mepefada JaHWX 3 MPHUCTPOIB BBEAEHHS Ta JO MPUCTPOIB BUBEICHHS
3TIIHO BaplaHTYy.

VY pobouiit yacTuni 3a0e3neueno ¢pyukiionyBanus MKC 3riHo BapiaHTy.

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