HAIIIOHAJIbHUM YHIBEPCUTET «JIbBIBCHKA IOJITEXHIKA»
BIIOKPEMJIEHUI CTPYKTYPHUM HNIJIPO3 L1
«®AXOBHUH KOJIEJ[)K IHO OPMAIIMHUX TEXHOJIOT T
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

MiKpOKOHTPo.JIepiB cimeiicTBa PIC16»

BukoHaB cTyneHT IV kypcy, rpymun  KI-41

CnemiansHOCTi 123 Komn'tomepna inicenepis

Bapiant Ne 17

Ilnsanymox MupocjaB AHAPiioBHY

(pi3Buine, iM's 10 6aTBKOBI)

KepiBHuk Poman CTO/IAPYYK

(miamnuc) (IM's IP13BULLE)

KypcoBuii nmpoexT nepeBipeHuit
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

3ABJIAHHAA

Ha KypCOBUI MPOEKT BapianT Ne 17

Ilnisinymky MupociaaBy AHAPIHOBHYY

(npi3Buie, iM's Ta 10 6aTHKOBI)

3 HaBuaneHOl auctumtinn: MIKPOKOHTPOJIEPU TA IX ITPOTPAMYBAHHS

CryneHr rpynu: KI-41

1. Tema npoekry: CucTeMa MOHITOPHUHTY TEMIIEPATYPH.

2. JlaTa Buaayi 3aBIaHHA: 722" Bepecust 2025 p

3. TepMiH 312491 KYPCOBOI'0 MPOEKTY: 715”7 rpyoas 2025 p.

4. BuxigHi 1aHi 10 NPOEKTY:

4.1 Ilpuctpoi BBenenns Hdpopmaiii : MCP3001, DS18B20

4.2 Oyukiii mpuctporo BBeneHHs HbopMaitii: mani AIIII Ta raBada remmeparypu
4.4 BukopuctoByBaHi MikpokoHTpojepu: PIC16F689, PIC16F884 ..

4.5 TlpoToxos oOminy iHpopmartiero: UART.

4.6 Ilpuctpiit BuBeneHns iHpopwmariii: PKI, 1 psagok

4.7 ®yskIi mpuctporo BuBeaeHHs iHpopmanii: Haukamis: Uin = 0.57V, T =+/- 25C

5 IlepeJik 000B’A3KOBUX J€MOHCTPALIHHNX KPeCJIeHb:
5.1 V3aranpHeHa ctpykTrypHa cxema MKC
5.2 bnok-cxema anroputmy po6ot MKC

5.3 Cxpuniot po6oTu npoekty y nporpami PROTEUS



6. Cxu1ag po3paxyHKOBO — MOSICHIOBAJILHOI 3aNIUCKHU (Mepesiik MUTAHb 10

PO3pOOKH):

BCTVII

1 Pospobxka ctpykrypHoi cxemu MKC
1.1 Ananiz 3aBgaHHs Ta CUHTE3 CTPYKTypHOi cxemu MKC
1.2 O6rpyHTyBaHHs BUOOPY MIKPOKOHTPOJIEPIB
1.3 Ilpu3HadeHHs, MPUHITUAI pOOOTH, 0COOIMBOCTI TeprudepItHIX MPHUCTPOIB
2 Po3pobka enekrpudHOil mpuHIKIOBOI cxemu MKC
2.1 Po3pobOka cxemu eNeKTpUYHOI IPUHIUIIOBOI MIKPOKOHTPOJIepa, nepudepiiHux
OPUCTPOIB Ta iX IHTEpPeKcy.
2.2 CtBOpEHHS NPOEKTy 3 BUKOopucTaHHIM nporpamu PROTEUS
3 Po3poOka mporpamMHOTO 3a0€31eYeHHs
3.1 Po3pobxka anroputmy pynkuionyBanis MKC
3.2 HanmcanHs Kepyro4doi mporpaMu JiJisi MIKpOKOHTPOJIEpA :

@)
@)
©)
©)
@)

poboTa 3 mporpamoro MPLAB, cTBOpeHHS TIPOCKTY;
koH(pirypyBanus MK 3 Bukopuctanusim aupektusu _ CONFIG;
Hiian3alis MIKpOKOHTPOJIEPIB;

Hiiani3aniga nepudepiftHux MOyIiB;

MOSICHEHHS /10 HaITUCAHHS OCHOBHOT YaCTUHHU MPOTpaMHu.

3.3 Buxopuctanns nporpamu PROTEUS mns ananizy po6oTu mpoekTy.
BUCHOBKHU
[MEPEJIIK TIOCUJIAHb

Kanenmapuuii niian

Ha3pa erarriB Tepwin [Tpumirka
BUKOHAHHS
Beryn
1 Po3pobka CTpyKTYpHOI CXeMH
2 Po3po0Oka eneKTpuIHOl MPUHIMIIOBOI CXEMH
3 Po3pobka nmporpaMHOTO 3a0€31eueHHs
BuchHoBku
I[lepenik mocuiiaHb
Cmyoenm Mupociaas IVISINY HIOK
( mauc) (1M1 Ta TP13BUILE )
Kepienuk npoexkmy Poman CTOJISIPYYK

(TIamuc ) (1M1 Ta TIP13BUIIIC )



PED®EPAT

TekcToBa yacTMHA KypCOBOTO MPOEKTY: 34 CTOpIHOK, 16 puUCYHKIB, 2 TabJmIl
Ta [/ IOCUJIaHb.

OO0’ exT mpoekTyBanHs - “Cuctema MoHiTopunry U ta T”.

Mera nmpoeKTy - JTOBEPIIMTH CBOi HABHKH Yy PO3POOI CTPYKTYPHOI CXEMH,
enekTpuuHoi npuHIUNoBoi cxeMu MKC, cTBOpeHHs MPOEKTY 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.

PesynbTar poOOTM Haa KypCOBUM TMPOEKTOM MOKa3aB, W0 3aBISKU
BUKOPHUCTAHHIO JIBOX MPOCTUX MIKPOKOHTPOJEPIB Ta MOAYJS PEATbHOTO Yacy MOKHA
CTBOPHUTH MOBHOIIIHHY CUCTEMY MOHITOPUHTY TEMIIEpaTypH.

MK, MCP3001, UART, 1-psnxosuii PKI, SPLAN, MPLAB IDE.



HEPEJIIK YMOBHHUX IIO3HAYEHDb

ALII Amnanoro-uudpoBi nepeTBoproBaui

BIC Benuki HTErpanbHi cXeMu

I3 ['mob6anpHa 3a1aua

I'TI ['eHepaTop TaKTOBHX IMITYJIbCIB

33 3arajgpHa 3aa4a

3MII 3amaui Masioi po3MIpHOCTI

MK MikpoKoHTpoJIep

MKII MIKpOKOHTPOJIEPHI IPUCTPOL

MKC MIKpOKOHTpOJIEpHA CXeMa

H3 HaitnpocTinri 3agadai

OMK OHOKpHUCTANBbHI MIKPOKOHTPOJICPH
[13I1 [TocTiitHMIT 3amaM’ ATOBYFOUHI MPHUCTPIN
LIATT [{udpoananorosi nepeTBoproBadi

LTI LenTpamsHMA MpOTIECOPHUI TPHUCTPIH
[IM [IpoTHO-IMITYJIECHA MOTYIISIITIS

12C Inter-Integrated Circuit (MikiHTerpaibHa 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 3aCTOCOBYIOTECS Y CHCTEMaX BHCOKOIIBHIKICHOTO KEPyBaHHS
aBTOMOOUILHUMHU ¥ EJIEKTPUYHUMU JIBUTYHAMU, MPUIaAax MoOyTOBOi €IeKTPOHIKH,
teneoHHUX npucTaBkax 3 ABH, cucteMax 0XOpoHH 13 CHOBILIEHHSIM IO TeNEPOHHIN
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 CKOpOUeHI KimbKocTi komaHn (Bim 33 g0 35) yci KomaHau 3aiiMaroTh
y mnam’siTi OoJHe cJIOBO. Yac BUKOHAHHS KOXHOI KOMaHIM, KpIM KOMAaH[
pO3TayKeHHS, CTAHOBUTh YOTUPU TakTH — oAuH LUK (200 He Ha yacToTi 20 MI'1).
OmnepaTuBHUIA 3amaMm’STOBYBJIbHUIN MPUCTPId BUKOHAHO 3a CXEMOIKO 3 JIOBUILHOIO
BUOIPKOIO 3 MOKJIMBICTIO O€3MOCEPE/IHBOI alipecallii y Kol KOMaHAu J0 OyJb-sKOi
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-koHTponepax nependadeHmii
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 TPUCTPIi) eMHICTIO 32-256
Oaifr. OCHOBHA YaCTHHA KOHTPOJIEPIB Ma€e OJJTHOKpaTHO nporpamoBanuii [1311, onqHak
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, KOHTpOJIEpH MalOTh Bi OAHOrO J0 TPhOX TaiiMepiB, BOyIOBaHY
cuctemy ckuganus, watchdog taiiMep, BHYTpIIHINA TaKTOBHUI T'e€HEpaTop, KU MOXKe
3amycKaTrcs SIK Bl KBAapILIOBOTO pe3oHaropa, Tak 1 Bim RC-manHirora y mmpoxomy
niarma3zoHi yactoT — 0-25 MI'm. KinmbkicTs po3psaiB moptiB — 12-33. Koxxuwmil po3psin
NOPTY MO’KHA 3alpOTpaMyBaTH Ha BBEJIEHHS a00 HA BUBE/ICHHSL.

Kontponep PIC16C64 nomarkoBo mae Buxin 3 1M, 3a gomomoroio sikoro
MokHa peanizyBatu L[AIl 3 po3psaHicTIO 10 16 po3psiaiB, a TaKOX ITOCIITOBHHUI
JBOHaMNpsiMiieHud cuHxpoHHu TopT 3 iHTepdeiicamu SPI, 12C, SCI/UART. PIC
16C71 1 PIC 16C74 wmatote BHyTpimHIA 8-po3psaguuid ALl 3 npuctpoem
BUOUpaHHs/30epiraHHs 1 BXITHUM aHaJIOT'OBUM MYJIbTHILIEKCOPOM.



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

[Ipu npoekTyBaHH1 MIKpoKOHTposepHux npuctpois (MKII) abo cuctem (MKC)
MO’KHAa BHUKOPHCTOBYBATH OJIOKOBO-IEpapXIMHUN MAXIA, TPU SKOMY YSBJICHHS IIPO
MKII a6o MKC, mo mpoeKTyroThCs, PO3UJICHOBYIOTHECS Ha lepapXiaHi piBHL Ha
BULIOMY PIBHI BUKOPUCTOBYETHCSI HAlIMEHIII AETaT130BaHE ysBIEHHS, 1110 BloOpaxkae
JUIEe TUIBKA 3arajlbHl PUCH 1 OCOOJIMBOCTI CHUCTEMH, IO TMPOeKTyeThcs. Ha
HACTYMMHUX PIBHAX CTYIIHb IOAPOOUIs PO3TIIAY 3pOCTaE, MPH ILOMY CHUCTEMa
pPO3TIISAAETECS HE 3arajoM, a OKpeMuMu Ojokamu. Takuii migxig J03BOJISIE Ha
KOXKHOMY pIBH1 (DOPMYJIIOBaTH 1 BUPIIYBATH 3aJadi JOMYyCTUMO1 CKJIaJHOCTI, IO
HiIAAI0ThCSl YCBIIOMJICHHIO M PO3YMIHHIO JIFOAMHOK Ta PIIICHHIO 32 JIOMOMOTOIO
TocTymHHX 3aco0iB. [lepeBarn Takoro maxomy MOJATalOTh B TOMY, IO CKJIaJHA
3a/laya BEJIMKOI PO3MIPHOCTI pO30MBAEThCA HA TPYIH 3aJa4 Majiol po3MIPpHOCTI, 5Kl
NOCJIAOBHO BUPIIIYIOTbCS, NPUIOMY BCEPEIMHI TPyl pi3HI 3a37aul MOXKYTh
BUPIIIYBATUCS HapaieiabHO.

CtpykTypHa cXxeMa — IIe CXeMa, sika BU3Hau4a€ OCHOBHI (PYHKITIOHATbHI YaCTHHH
BUpOOy, X B3a€MO3B'SBKM Ta mnpu3HadeHHs. [lin (yHKIIOHATbHOI YacTHUHOIO
PO3YMIIOTh CKJIQJIOBY YaCTHHY CXEMH: €JIEMEHT, MPUCTPid, QyHKIIOHATBHY TpYyIYy,
(byHKIIOHATILHY 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 MOBHUHHO OyTH 3pO3yMUIO, HABIO MOTPIOHUNA JaHUN
OPUCTPIA 1 AK BIH IpAallO€ B OCHOBHUX PEXMMax pOOOTH, SK B3aEMOJIOTH HOTO
yacTuHU. [l03HAaYEHHS €1eMEHTIB CTPYKTYPHOI CXEMH MOXKYTh OOMPAaTUCh JTOBUIHHO,
X04a 3araJlbHONPUHHATHX TIPaBUJI BUKOHAHHS CXEM CJILT JOTPUMYBATHCh.

O0’€KTOM JOCHII)KEHHS TaHOTO KypCOBOTO MPOEKTYy € CUcTeMa MOHITOPUHTY
U ta T, mwo npairoe Ha oHOBI1 2 MikpokoHTpoJiepax PIC16F689, PIC16F884.

Pob6oTa npunany 3a0e3neuyerses nudposum Tepmoaaadem DS 18B20 ta ALII
Ha ocHoBi MCP3001 .

Busin iHopmartii 311CHIOBATUMETHCS Y€PE3 OHOPSIIKOBUI
PIIKOKpUCTATIIYHUM IHIUKATOP, IO NMOKa3yBaTUME IHAMKALIIIO.

CrpykrypHa cxema MKC nnst Cuctema moniropunry U Ta T Bu3Ha4ae OCHOBHI
(byHKIIOHaTbHI YaCTUHU BUPOOY Ta 3a3HaueHa Ha pUCYHKY 1.1.

[lepmmii 650K JaHOI CXEMHM BIANOBIAAE 3a 34UTyBaHHA 1HopMali. B
NOJAJIbLIOMY, HaIlll JaH1 MICJs 3YMTYBaHHsS MPOWIYTh YEpE3 JiBa MIKPOKOHTpOJIEpa
no npotokoay UART.

VY apyromy 611011 cxeMu CUCTEMU MOHITOPUHTY TEMIIEpATypH 300paxeHO
rpadgiuHuil BuBig HpopMarlii, mo Oyae maru HacTynHui Burisia: Umn = 0.57V,

T =+/-25C.
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Pucynok 1.1 - CtpykrypHa cxema Cuctema moHiropunry U ta T
1.2 Bubip MikpokoHTpoJiepiB Ta aHAII3 iX mapaMeTpiB

B ocrtanHi poku mnpu po3poOill CUCTEM KEpyBaHHS BCE OUIbIIE YyBaru
OPUIUILETHCS MIKPOKOHTpOJIepHiil TexHill. Lle moB's3aHo 3 1l OypXIMBUM PO3BUTKOM
1  IIMPOKUM  acOPTUMEHTOM  MpPOMOHOBAaHOI  Tpoxaykui.  Bukopuctanss
MIKPOKOHTPOJIEPIB JI03BOJISIE KOHCTPYIOBAaTH NPUCTPOT 3 HEBEIMKUMHU radapuTami,
0 € BIIHOCHO JEHIEBUMH, NPOCTHUMH 1 HAAIMHHUMH, CYMICHUMHU 3 IEPCOHAIBHUM
KOMIT FOTEPOM Uepe3 CTaHIapTHI IHTepeich.

OcHoBHa MeTa mpH BUOOP1 MIKPOKOHTpojepa - oOpaTH MIKPOKOHTPOJIEp 3
MIHIMAJbHOIO I[IHOIO, ajie B TOM JK€ 4Yac BIH IOBHUHEH BIAIOBIIAaTH BHUMOIaM
IPOAYKTUBHOCTIL, HAIMHOCTI, YMOBaM 3aCTOCYBaHHsI, TOLIO.

HacTynmauii kpokx mpu BHOOpP1 MIKpOKOHTpOJIEpa — TONIYK MOJENeH, sIKi
3aJI0BOJIbHAIOTh CUCTEMHUM BuUMoOTraMm. BiH BKiIOWae minOip mireparypu, TEXHIYHUX
OMHCIB 1 TEXHIYHUX KOMEPIIMHUX KYpPHAIIB, a TAKOX JEMOHCTpAIlIiHI KOHCYJbTAIlIi.
OctanHs cTazid BUOOPY CKIAAAETHCA 3 KUIbKOX €TaliB, META SIKUX - 3BY3UTH CIHCOK
MPUHAHATHAX MIKPOKOHTPOJIEPIB A0 oaHOTO. Lli eTanmm BKIIIOYaroTh B ceOe aHaII3 II1HH,
JTOCTYITHOCTI, 3aC00IB pO3pOOKH, MATPUMKH BHPOOHHKA, CTaOUIHHOCTI Ta HAIBHOCTI
IHIIMX BUPOOHUKIB. [IpOBEAEHHSI CUCTEMHOr0 aHaN3y MPOEKTY J03BOJISIE BU3SHAYUTH
BUMOTH JI0O MIKpOKOHTpOJIepa:

® PO3PSTHICTH OOUYHCITIOBAILHOTO SIpa;
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e Halip BOynoBaHUX nepudepiitHux npuctpois (taiimepu, AL Tomro...);

e amapaTHa opraHiamisi oOpoOKM [aHuX (CTPYKTypa MAIIMHHOTO ITUKITY,
cmiBBigHOIICHHS TakTiB ['T1 1 MalmMHHUX [UKITIB);

® MOXKJIHMBICTH POOOTH IO TIEPEPUBAHHIO, 32 30BHINIHIMHA CUTHAJIAMH TOTOBHOCTI
a00 10 KOMaH1aM JIFOIUHHU;

® KUIbKICTh KEpOBaHMX TIOPTIB BBEICHHSA/BUBOAY, XapakTep Iepenadl -
OaifT abo OIT, MPOTrpaMHE HANAIITYBaHHS HANPAMKY Mepeaaul;

® THUIl MPUCTPOIB BBEACHHS/BUBOY, IKMMH IMOBUHEH KEPYBATU OOMPAIOTh MIKPO -

KOHTpOJIEp B TPOCKTOBAHIA CHUCTEeMi (TepMiHaJM, BUMHKAdi, perie, KIABIIIi,

naBadi, TM(POBI MPUCTPOI BBYAIbHOI IHAWKAII, aHATOTO-IUGPOBI i ITUdpPO-

aHAJIOTOBI MIEPETBOPIOBAY1, MOYJIITOPH TOIIIO );

® IMIITPUMYBaHI CIOCOOM 3aBAaHTAKEHHS TMpOrpaM B MIKPOKOHTpOJIEp, -
MO>KJIMBICTh BHYTPIIIHBOCUCTEMHOTO mporpamyBanHs (ISP), BuxopuctaHss
npu oMy cTangapTmzoBanux iHTepdericB (SPI, 12C);

® KUIBKICTH 1 TUIT HAIPYTH >KUBJICHHS;

e MajoradapuTHI Ta €CTETUIHI OOMEKCHHSI;

® YMOBHU HaBKOJIMIITHHOTO CEPETOBHINA, HEOOXITHI ISl EKCTUTyaTallii.

Mikpokontponepu  PIC16F689 ta  PIC16F884  Maiote  pexumu
EHEPro30epeKEHHs 1 MOKIIUBICTh 3aXUCTY KOAY ITPOTPAMHU.

Y MikpokoHTpoJiepu BOyJOBaHMi cTOpoKoBHUil Taiimep WDT, sikuii moxe
OyTH BUMKHEHUU TUIbKM B O1TaX KOHQIrypaiii MIKpokoHTposepa. i miIBUILICHHS
Ha/IMHOCTI cToposxoBui Taiimep WDT mae Bnacuuit RC reneparop.

JlonarkoBUX JABa TaiiMepa BUKOHYIOTh 3aTpUMKYy CTapTy poOOTH
MIKpoKOHTposiepa. Ilepmmii, Taiimep 3amycky reHepatopa (OST), yrpumye
MIKpOKOHTpOJIEp B CTaHl CKUIAHHS, TOKH HE CTAOUIBYETHCS YacTOTa TAKTOBOTO
re”Heparopa. pyruii, Taiimep BkimoueHHs >xuBiieHHS (PWRT), cnpaiboBye micis
BKJIFOUEHHS KUBJIEHHS 1 yTPUMY€E MIKPOKOHTPOJIEP B CTaHI CKUAAHHS IPOTATOM 72McC
(TMTIOBE 3HAYCHHA), TMOKU HE CTaOUIBYEThCS Hampyra >KUBJICHHS. Y OUIBIIOCTI
nomatkiB 11 GYHKIl MIKPOKOHTpOJIEpa T03BOJISIOTh BUKIIOYUTH 30BHIINIHI CXEMH
CKH/JIaHHSL.

Pexxum  SLEEP  npmHaueHudt  nisi 3a0€3MeUEHHsT  HAJHU3bKOTO
CHEeprocIoKuBaHHsA. MIKpOKOHTpoJiep Moke BuiTH 3 pexkumy SLEEP mo curnamy
30BHIIIHHOTO CKHUIAHHS, IO TEPETIOBHEHHIO CTOPOXKOBOTO Taimepa abo mpu
BUHUKHEHHI IEPEPUBAHb.

Bubip pexumy poOOTH TaKTOBOIO TIe€HEpaTtopa JO03BOJIIE BUKOPHUCTOBYBATU
MIKPOKOHTPOJIEPU B pBHUX fMoaaTkax. Pexxum taktoBoro reneparopa RC mosBomsie
3MEHIINTA BapTICTh TPUCTPOIO, a pekuM LP 3HM3UTH eHeprocroXwBaHHsA. bitn
KOH(pIrypaiiii MIKpOKOHTpOJIEpa BUKOPHUCTOBYIOTHCA JJISI BKAa3IBKU PEXKUMY HOTO
poOOTH.
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1.3 Onuc nepudepiiinnx npucTpoiB Ta podoTa 3 HUMH
1.3.1 JaBau Temnepatypu DS18B20

[Mudpposuit tepmonasau ¢pipmu DALLAS-MAXIMDS18B20 - ue mudposuii
BHUMIPIOBAY TEMIIEPATYPH, 3 IEPETBOPEHHAM 9 - 12 po3psaiB 1 QYHKIIIEIO TPUBOKHOTO
CUTHaTy KOHTPOJIIO 3a Temneparypoto. [lapamerpu KOHTpOJIIO MOXYTh OyTH 3ajaHi
KOpHCTyBadeM 1 30€peKeHI B EHEproHe3aJekHid mam'saTi gaBada. DS18B20
OOMIHIOETBCS JaHUMH 3 MIKPOKOHTPOJIEPOM OJHOIMPOBIAHOIO JIHIEO 3B'S3KY,
BUKOPHUCTOBYIOUM TPOTOKOJ  iHTepdeiicy 1-Wire. Jliama3oH BHUMIPIOBaHHS
TEMIICPATypHu CTAaHOBUTH Bif -55 go +125 © C.Jlna miana3zony Big -10 mo +85 ° C
noxubka He mepesuirye 0,5 ° C. V koxnoi mikpocxemu DS18B20 € yHikanbHHIA
CepiiHMA KOJ IOBXHHOIO 64 pO3psiau, SIKUH JI03BOJISIE JCKUIBKOM JlaBadam
MIKITIOYaTUCS Ha OJHY 3arajbHy JIHIIO 3B'sA3Ky. ToOTO Yepe3 oAuH TOPT
MIKpOKOHTpOJIEpa MOKHAa OOMIHIOBAaTHCS JaHMMH 3 JEKUIbKOMa JTaBadyaMHu,
PO3AUICHUMH Ha 3HA4YHIA BiACTaHL 3O0BHINHIM BUTJLI 1 NMPU3HAYCHHS BUBOJIB
HaBEJ/ICH1 y OMUC1 BUPOOHUKA.

Ha pucynky 1.2 naBenena Onok-cxema gatanka DS18B20. 64-61tamii 11311
(ROM) 306¢pirae yHIKambHUMN CEPIAHUN KO IPHUCTPOIO.

Yeu

47K CXEMA JOTTIRA
MAPAZWMTHOND NMAHWA -‘—h VIIPARTEHHA DS1 BBZD
TLAMATEIO
E o g
pDa *
H [ATYMK TEMMEPATYPhI |
E4-EHT ROM
il i il W BEPXHWH NOPON (T,.) |
GND | . t-wire MOPT i PETWCTF (EEPROM)
PP -
{SCRATCHPAD) HIDKHMA NOPOT (T.)
PEMACTP {EEPROM)
PETHCTP KOHOMIYPALIAW
[ATMMK 4-.' oyl m |
Voo IR MUTAH [
WA
4—" TEHEPATOP B-BMT CRC |

Pucynok 1.2- briok-cxema DS 18B20

OcnoBHa (¢yskuis DS18B20 - mneperBopeHHs TeMmIeparypu JaaBaya B
mubpoBuii koA, Ilpm BKIIOYEHHI JKUBICHHS, CTaH perictpa KoHpirypari
BCTAaHOBMIOEThCS Ha 12 Oir. I[llo0 iHiifoBaTM BUMIPIOBAHHSA TEMIIEpaTypH
MIKPOKOHTpOJIEp TOBMHEH TIOJaTH KOMAaHAY IMEpeTBOpEeHHs Temmeparypu [44h].
[Ticnst 3aBepuieHHs NEPETBOPCHHSA, PE3yIIbTaT BHMlpIOBaHHSI Temneparypu Oyne
3HAXOAUTHCA B 2 OalTax perictpa TeMmIepaTypH, 1 laBad 3HOBY Iepeiiie B CTaH
criokoro. DS18B20 Bumiproe Temmeparypy B Tpaaycax 3a Imkamoro I[lembcis.
Pe3ynbTar BUMIpIOBAHHSI MPEICTABIAETLCA AK 16-po3psAnHE, 3HAKOBE YHCIO B
nonarkoBomy koJil. bir 3naka (S) gopiBHIOE «O0» 1jsi qomatHIX yucen 1 «1» jis
B’ EMHUX.

OrnepaTuBHA 11aM ‘SITh MITHTb :
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® 3HAYEHHsS BUMIPSIHOI TeMrieparypu (2 Oaiita);

® BEpXHIM 1 HWKHIA MOPOTOBI 3HAYEHHS CIPAIFOBAHHS CUT'HATY TPUBOTHU
(Th, TI);

e pericTp KoHIryparii (1 OaiiT);

e reneparop 8-6irHoi CRC.

Opranamnis mam'sti DS18B20 nokazana Ha pucyHky 1.3. BoHa Bkimodae B
ceoe oneparuBHy (SRAM) 1 enepronesanexny (EEPROM) nam'ste. ¥ EEPROM
30epiratothes perictpu Th, Tl 1 perictp koHpirypamii. ko ¢GyHKIS TPUBOKHOTO
CHUTHAJTy HE BUKOPHUCTOBYETHCS, TO perictpu Th 1 T1 MOXyTh BUKOPHCTOBYBATHUCS SIK
PETICTPU 3arajibHOro NMPU3HAYCHHSI.

Gaiir 0 | Temnepatypa mn. (50h) } (85°C). s
patir 1 | Temnepatypa c1.  (05h)

Gatit 2 | Tu Perictp1 * <4—p | Ty Perictp

6aiir 3 | Tr PericTp2 * <«—» | T Pericip

Gatit 4 | Perictp koudiryparrii * 4—» | DPerictp xoudirypanii

GatiT 5 | 3apesepeoranui (FFh)

GafiT 6 | JapesepBoBaHui (0Ch)

Gatit 7 | SapescpBoBaHHH (10h)

air 8 | urmiuauii kog CRC*

Pucynoxk 1.3 - Kaprta mam‘siti DS18B20

baiit 4 mam'siTi 1ie perictp xkoHdirypani. biramu RO, R1 MoxHa BcTaHOBUTH
PO3ILIMPEHHS 1 epeTBOPEHHs Temreparypu. [Ipu BKIIOUEHH1 )KUBJICHHS CTaH OITIB
RO, R1 = 11, mo BinnoBinae po3mmpento B 12 61r. Tpeda nam'statu, 1110 ICHY€E npsimMa
3QJICKHICTh 4Yacy IMEPETBOPEHHS BN po3AubHOI 3aarHocTl. bim 7 1 0 — 4
3ape3epBOBaHI, BOHM HE MOKYTh BUKOPHCTOBYBATHUCS 1 IPU YUTAaHHI IOBEPTAIOTH 1.

Tabmms 1.1 - Koan xoH(]irypyBaHHS pO3MMPEHHS TEPETBOPEHHS
TeMIIepaTypu
R1 RO Posnmpenns Yac nepeTBopeHHs
0 0 9-O1r 93.75Mc (teony/8)
0 1 10-61r 187. 5mc (teon/4)
1 0 11-61r 375Mc (teony/2)
1 1 12-6ir 750Mmc (teony)

VY tabimui 1.1 noka3aHi NpuKiIaaud BIANOBITHOCTI HU(POBUX KOAIB 3HAUECHHSAM
TeMIIEpaTypH.
Jl1st oOumceHHS TeMIiepaTypy HEOOXITHO:
e 1pu aogaTHboMy 3HadeHHI (S = 0) Kox mepeBecTH B JECATKOBHUH 1
rmomuoxute Ha 0,0625 © C;
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e 1pu Big'eMHOMY 3HaueHHI (S = 1) - mepeBecTH 0OEpHEHHMI KOA B
npsMuid. [{ng nporo tpeda HBEPTYBaTU KOXKEH PO3PsiI IBIMKOBOTO KOAY
1 gogati 1. A TIOTIM mepeBeCcTH B AeCATKOBUH 1 moMHOXHTH Ha 0,0625 °©
C.

[Tam'sTh BTIOUaE B cede onepatuBHy (SRAM) 1 enepronesanexxny (EEPROM)
nam'ate. Y EEPROM 36epiratotecs perictpu TH, TL i perictp xoudiryparii. Skimio
(GYHKITIS TPUBOKHOTO CHUTHAIY HE BUKOPHUCTOBYEThCS, TO perictpu TH 1 TL MoxyTh
BUKOPHUCTOBYBATHCS SIK PEriCTPH 3aralIbHOTO MPU3HAYCHHS.

B 6aiitax 3 agpecamu 0 1 1 30epiratoTbcsi MOJIOAIIMIM 1 CTapIIMii OaiTH pericTpa
BuMipsiHOi Temnieparypu. Lli 6aiiTi qoCTymHI TIMBKUA 71 YWTaHHs. 2i 1 31 OalTH -
TH 1 TL perictpu. 4 baiit - perictp koHbiryparii. baiitu 5, 6, 7 3ape3epBoBaHi, He
MOXYTh OyTH 3amucaHi i, IpYW YMUTaHHI, 3aBXKIU MoBepTaoTh 1. 8§ balT mocTymHi
TUIbKA Uil yuTaHHsA. Bin mictute mukmdauit kon (CRC) nmns mepimx BOCBMH
OaifTIB.

3anuc maHux B OaiTax 2, 3 14 BimOyBaeThCsl KOMaHAO0 3anucy nam’ a1i [4Eh].
JlaHi nOBMHH1 NIepe1aBaTUCs, MOYMHAIOYHU 3 MOJIOAIIOro Oita Oaiita 2. /[ nepeBipku
3aMUCy JAaHWX MO’KHA MPOYMUTATH TMaM'sTh KOMAaHJOI 4WTaHHS mam’siti [kox BEh].
[Ipu yuTaHH1 JaHi IepeAaroThCs M0 HIKHI, B MOCIITOBHOCTI HOYHUHAKOYHY 3 MOJIOIIIOTO
oira Oaiita 0. 3amuc Jammx TH, TL 1 perictpa kondirypamni B EEPROM
BinOyBaeTbcsa Komauaow [48h]. Ilpu BKIOYEHH! >KUBJICHHS AaHl 3 HE3aJICKHOI
nam'ati EEPROM nepeBantaxyrotbcs B oneparuBHid nam'sti (SRAM). Benyuwii
OpUCTPI TOBHHEH KOHTPOJIIOBATH CTaH IIMHHU, OO0 BU3HAYUTH 3aBEPIICHHS
nepe3aBaHTaxeHHs. CJIOT YUTaHHS HU3BKOTO PIBHS O3HAYAE, MO TIepe3aBaHTAKEHHS
me He 3akiH4YmwIoch. [lo 3aBepmienHio nepesaBanTaxkeHHss DS18B20 mepemae ciot
YUTAHHS.

1.3.2 Pinkokpucraniuni ajapaBiTHO-CUMBO/IbHI IHIUKATOPH

PKI 13 3HakocHMHTE3ylOUMM KOHTPOJEPOM YacTO BHKOPUCTOBYIOTHCS IIPH
MPOEKTYBaHHI LIM(PPOBUX MPUCTPOIB.

PK - naHens BL+
I l l l l E l E I l l l BI.-
—t— Vo
a1 Opaiieepn VCC
KonTponep GND
\ N \
8 _L
A4

DBO-DB7 RS R/W E
Pucynok 1.4 — Ctpykrypna cxema PKI

OcnoBoro PKI € marpuris 3 pinkux KpuCTaTiB, TIOAI0YHM HAMIPYTY HA €]1EMEHTH
AKOi MO’KHa "3acBITUTH'" KparKy Ha eKpaHi. MaTpuilsi CKIIacTbCs 13 3HAKOMICIh
(Haiuactime 5*8 mikceniB), 3rpynoBaHUX y Kilbka psakiB. [lum kepye BOymoBaHmMiA
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koHTposep PKI. Bn kepye nikcemsimu PK — nucriero 1 iHTEpPEHCHO 4acTHUHOIO
IHIUKATOPY.

Pigxokpuctamuni  3HakoIMdpoBi  Tabmo  HajgexaTh OO0  HAWOUIBII
PO3MOBCIOKEHUX TUIIB 1HAMKaTopiB. L1 Haukaropu 0yBatoTs 1,2,4 cTpiukoBUMHU. Y
ctpiuut 8, 12, 16, 20, 24, 40 cumBOJIB, KOXHHUWA 3 SIKUX (POPMYEThCA HIPUPTOM
dbopmary 5*8 abo 5*11 mikcemis.

3aBaaHHA MAKIIOYEHHS 3BOJIMTHECS 1O OpraHiBamii oOMIHYy JaHUMHU MDK
MIKpOKOHTPOJIEPOM Ta BOYZIOBaHUM KOHTpoJiepoM. Hikde rmokaszaHi NpuKiag CXeMu
MIKTIOYEHHS JIJI1 BOCBMHUOITHOTO THTEpQeiicy.

[arepdeiic mae Bicim Hbopmariiuux niHiA: DB7..DB0 1 Tpu kepyrounx: RS,
R/W, E. Jlinia RS Busnauae n0 sikoro perictpy konrtpojiepa PKI mu mparnemo
3BEPHYTHUCS, TOOTO SIKY HPOpMAaLIK0 MU repeaaeMo - faHi abo komanau. Jlnis R/W
BU3Ha4yae HampsMoK mepenadi manux - 3anuc y PKI a6o ywutanus 3 PKI. Jlinia E
BKJIFOYae (KOJM Ha JIHII BHUCOKWU PIBEHBb) a00 BHKIOYAE (KOJW HA JIHIT HU3LKHUI
piBeHb) miepenady iHdopMaiii, chopMoBaHOI HaA IHIIMX IHTEPHEHCHUX IHIAX.
OCHOBHI MapaMeTpu HaBEJEH1 y TEXHIYHIN JiTeparypi.

[nimianpanis PKI mnonsirae B mepenayl JAEKUIBKOX KOMaHA Yy IEBHINA
nmocimoBHOCTL. KUTbKiCTh KOMaH7 IHIiadi3amili MOXKe BIIPBHATHCS B PI3HUX
koHTpoJsiepiB. Ilig wac iHimiamizami kpamie He aHanByBatu mnpamopenb BUSY, a
YeKaTh BU3HAYCHUH yac Tepe]] MOCUIIKO0 HACTYITHOI KOMaHIH, TOMY IO Mpanoperb
BCTAHOBIIIOETHCS HE BiIpa3y, a MICJA MEBHOI KOMaHIW (IMB. Aarammt). [Himiaxizaris
PKI BuUKOHY€ThCS aHANOTIYHO SIK JJI MapajeibHOTO HTepdecy MIKIIOYeHHS TaK 1
11 iocigoBHoro (mimkmodenHst PKI mo 12C uu SPI).

Pi3auus Mok 8-O1rHUM Ta 4-O1rHUM HTep(EeiicoM MOJsrae JMIie B TOMY, IO
npu 4-0iTHIA mepenayl JaHUX HEoOXimHO mojaBatu curHamu RS, R/W sk ans
MOJIOAIIOI Tak 1 1 crapmoi Tterpagu. Komamawm iHiiamriamnii pod6otu PKI
3QJIMIIAOTHCS OTHAKOBHMH.

VY PKI € 2 Bunu nam'ati: DDRAM, CGRAM (CGROM). DDRAM - display
data RAM (mam'siTe AwcIies) - Te, IO 3alucaHe B I mam'aTi, 0e3mocepenHbo
BinoOpakaeTbcsl Ha auciviei. L{g mam'aste Mae HACTYMHHMA aapecCHHA TPOCTIp i
BIATIOBIAHE BimoOpakeHHs Ha auctuiei ( auB. Tabmus 1.5 ):

Tobto, Te, mo 3anucane B DDRAM 3a anpecoro, Hanpukian, 42h, Oyne
BimoOpaxkaTucss B TpeTii  MO3WIi  HA  JAPYyrOMYy  PSAKY  JIHCILIES.

CGRAM (CGROM) - character generator RAM (ROM) - mam'sTh
3HaKoreHeparopa. [lam'ate 3HaKOoTeHEpaTopa posaviena Ha CGRAM - noctymHa ais
3aluCy/dUTaHHS, CIOJU MOXHa 3aduTh 8§ CcBOiX BiacHUX cuMBOJiB 1 CGROM -
JOCTYITHA TUTbKH JIJI1 YNTAHHS.

1.3.3 PoboTa 3 nporokoiiom UART
UART (Universal Asynchronous Receiver Transmitter) mpencrasise co0oro
YVHIBEpCAIbHUI  aCUHXPOHHMW mpuiiomonepenasad. BiH mnpusHaueHuid s
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MOCJIIOBHOI Tepenadi JaHuX. [0JOBHOIO 00JaCTIO 3aCTOCYBAaHHS ACHHXPOHHOI
nepeaadi JaHux, sk MpaBujIo, € He OOMIH JaHUMH B CKJIaJll CXEMH, a KOMYHIKAI[i MDK
OJIoKaMu PO3AUICHUMH B TMPOCTOPL, SIKI MalOTh O3HAKW BJIACHOTO IHTEIIEKTY.
[pukmagoM MOXKe CITYKUTH 3B 30K MDK TTEPCOHATLHUM KOMIT FOTEPOM 1 IPUHTEPOM,
MOJEMOM, IPOTPAMYIOUHMM IIPUCTPOEM ab0 PEricTPaTOPOM JIaHUX.

[lpyn acuHXpOHHIN Tepegadl JaHUX TAaKTOBUW CHTHAJl HE TIEPEIAETHCA Ha
BIIMIHY BiJ BUMAJIKy CHHXPOHHOI IMOCIMOBHOI Tiepeaadi nanux aepes SPI irepdetic.
[le BucCyBae CTpOri BUMOTH JI0 PO3MOAUTY IHTEpBAIB 4acy B KaHalIax Iepeaadl Ta
IIPUHAOMY.

VY HalmpoCTIIIOMY BUMAAKY JJI KOMYHIKaI[li MDK IBOMa MPUCTPOSIMU JTOCUTH
MaTH MPOCTE 3'€AHAHHS 3a JOMOMOTOI0 TPHOX JIHIN: Mepeiaroyl i NpuiMarobHi JTIH
Tx0 #1 Rx0, a Takox JNHII 3a3eMJICHHS.

B cranmapti RS-232 Bu3HaueHi BUCOKHI 1 HU3bKUH piBeHb HAmpyru. byio
npuitHATO, Mo B iHTepdeiici RS-232  Oymyre miatu mudposi pisHi +3 1 -3B
(pucynok 1.5). Hanpyru Buie 3B npuiiMaroTh 3a CUrHAJIM JIOTTYHOTO HYJISI , a OYy/Ib-
SIKI Hampyru HUx4Ye -3B — joriaHoro onunmiiero. Hampyra B mianazoxi Bin -3B 10 +3
BBA)XAETHCSI CUTHAJIAMU 0€3 3MICTY.

+12 B

0
+3B
OB — /
-3B

|
0 00

o
(=]

1 1 1 1 1 1 1 1
-12R | | ||

I [
Pucynox 1.5 - Peanizauis intepdeiicy RS-232 na pizuunomy piBHi

[lo mpuuuHiI BIICYTHOCTI CHHXpPOHI3allil, fKa IOKa3ye IIOYATOK 1 KIHEIb
KOXKHOTO OaifTy, OaliT JaHWX NPUXOJUTHCS TOYHHATH CTOMOBHM 1 3aKIHUyBaTH
cTapToBUM OiramMu (puUCyHOK 1.6), mo0 mpuiiMainbHI IPUCTPOI MOIJIM PO3IMI3ZHABATH
MOYATOK 1 KiHelb nepenadi Oaiity ganux. CTapToBUil OIT 3HAXOIUTHCS HA MOYATKY
KOXKHOro Oaity. B niHil mepeaadi B peXuMi OUIKyBaHHsS i€ BHUCOKHI pIBEHb
Hanpyru. [Ipu BuBOA1 OailiTa B JIHII BCTaHOBIIOETHCS HU3BKHUM piBeHb. [HTEpBai
CTapTOBOI0 CUrHATY TaKUU 5K y OiTa JaHHX.

BinmoBinHO 10 BU3HA4YEHHS CTaHAApTy V.24, y JMIHI Tiepemaadi JaHUX y CTaH1
OUIKyBaHHS BCTaHOBJICHUM piBeHb Jor. 1. [lepenaya moxxe OyTu mouyara B Oy/Ib -sIKAN
MOMEHT 4acy. st Toro mo0 mnepenaty mnpuiiMady MOBIJOMJIEHHSI MPO MOYaTOK
nepenayl, mocuiaaeTbes craptoBuid 01T 3 piBHeM Jior.0. Ilicns mporo mepenaroTbes
po3psau manux (y OUTbImocTi BUMAAKIB 7 abo 8, iXHE YHCIO 3YMOBIIOETHCS B
MPOTOKOJI Tepenadi JaHuX), NpU I[BOMY CIOYAaTKy IEePEAacTbCsl MOJIO NI
3HAY YU O1T.

Jlnsg miABUINEHHS HAAIMHOCTI Tepefadi JaHuX MOXe OyTh JoJaHui Oir
MmapHOCTIL. BiT mapHOCTI MOMOBHIOE PO3PSAAN JaHWX TaKUM YHHOM, IO JIOCSTAETHCS
npsiMa MapHICTh (CyMma Bcix OITIB, BKJIIOUAIOUM OIT MAapHOCTI, MapHHiT) ab0 Hempsima
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napHICTh (CyMa BCIX OITIB, BKJIIO4arOYM OIT mapHOCTI, HenapHa). HeoOximHuil Buj
MapHOCTI (BIICYTHICTh, MpsiMa YH HEMpsSIMa) TaKOX IMMOBHHEH OyTH BH3HAYCHUU Y

MPOTOKOJII TIepenadi JaHuX.
[lepenaua 3akiHuUyeTbCs cTON-O1TOM 3 piBHeM Jior. 1. Ilicas BimmpaBieHHs

CTON-OITa JIIHIA AAHUX 3HOBY MEPEXOJUTh y BUXIIHUI CTaH OUYIKyBaHHS il TOTOBA J0
HAcTymHO1 niepenadi. Yacosa giarpama nepemadi 6aiita ESh (11100101b) 3 menpsimoro
MapHICTIO 1 cTonOiTOM uepes3 HTepdeiic Tumy V.24 mokasaHa Ha pUCYHKY 1.6.

5 =
= — Y 5
= = ) »
= © ¥ & - w © r~ o [
= 13 £ = 5 5 S S 15 £ 2
Uknnanme O ) v<] v 2 QD a ] r=] o (& OnASHWE

Pucynoxk 1.6 - Yacosa mgiarpama nepegadi 6aiita ESh (11100101b).

VY 3B'S3Ky 3 TUM, WO TakT JJIsI CUHXpOHBALil Mepenayl He MepecUsiaeThes,
NOYaTOK PO3psy MOKe OyTH pO3MI3HAHO TUILKH 110 BUMIPIOBaHHI 4acy, 10 MPOWIIOB
3 MOMEHTY IOSIBH CIaAaruoro (QpoHTy ctaptoBoro Oira. Came TOMy HEOOXITHO
BU3HA4YaTH MIBUIKOCTI TIepeaadl JaHuX, siki € 000B'I3KOBUMHU I TIEpEIaBaIbHOI
npuiiMarodoi cTopoHu. Y crangapTi RS232 noriuna oguHuilg HazuBaeThes "mark”,
IpU LIbOMY pIBEHb CUTHANY Ha JiHii (-5..-15B). Jlormnwuii Hyns y ctannapti RS232
Ha3uBaeTbca "space’’, oMy BinmoBinae piBeHb curHainy +5..+15B. VYV BigcytHOCTI
nepeaadi Ha JIHI 3aBXaM JoridHa oawHMI. [Ipo mouarok mepenadi JaHux
CUTHaNIBY€e cTapT OIT (JoriuHui Hyib). KiHenb nepenayi JaHuX MO3HAYAETHCS CTOI
01TOM (JIOTT4HA OJTUHUIIA).

1.3.4 OcobauBocTi mpoTokoay SPI

[Mocninouuii nepudepiitauii iHTepdeiic (Serial Peripheral Interface - SPI)
3a0e31euye BUCOKOIBUKICHUN CUHXPOHHUN OOMIH JaHUMH MDK MIKPOKOHTPOJIEPOM
1 iepudepitHIMHU TPUCTPOSMH, a TAKOXK MDK JE€KUTbKOMa MIKPOKOHTPOJIEPaMH.

B SPI pexumi MOXnMHMBI OJHOYACHWN CHHXPOHHHUU TPHUMOM 1 mepemada 8-
PO3PSTHUX JTaHUX.

Pexxum Benyuoro SPI. Benyunii moske Hiiaa3yBaTH nepeaady AaHuX y Oyib -
KA MOMEHT, OCKUTbKHM BIH T€HEpY€ TAaKTOBHUM CHUTHAJ, 1 BU3HA4YA€, KOJU BEACHUI
MMOBHWHEH TEPEe/aTH JIaHl BIIMOBIIHO 10 BHUKOPUCTOBYBAHOT'O MPOTOKOITY.

Y  pexumi Beaydoro JaHi NEpPEeNalOTbCA/MPUHHATI MICHIA  IXHBOTO
3anucy/uutands 3 perictpa SSPBUF. Skmo B SPI pexumi moTpiOHO TLIBKH
npuitmaru fani, BuBig SDO Moxxe OyTu 3a010K0BaHu# (HacTpoeHuit sk BXin). Jlani 3
BuBoy SDI mocmimoBHO 3cyBaroThCs B pericTp SSPSR 13 BcTaHOBIIEHOIO MIBUKICTIO.
Koxuuii npuitaatuii Oailit 3aBantaxyetbcs B perictp SSPBUF (sk HOpmaiibHO
oTpuMaHui OalT) 3 (OpMyBaHHSAM NEepepUBaHb 1 BIUIMBOM Ha BIANOBIIHI OITH
crarycy. Lsg gyHkIis Mmoxke Oyt KOpHCHA TIpH peasizallii ""MoHITopa mHu'".
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byap-sika HeOaxaHa (yHKIIS MOCIIOBHOIO MOpPTa MOXE OYTH BHUKIIIOUEHA,
HAJIAIITOBYIOYH BINMOBIAH1 O1TH pericTpiB HanpsMKy ganux TRIS. Hampuknan, skino
B pexkuMi Benydoro SPI BUKOHYyeThCS TUIbKU Tiepenava aaHux, To BuBoau SDI it -SS
MOXYTh BUKOPUCTOBYBATHCS K IU(POBI BUXOAU, CKUHYBIIH BinmoBiiHi 61t TRIS B
‘0.

1.3.5 OcobauBocTi npoTokoay 1-WIRE

1-Wire - mporokon mepenavi AaHuX Mo OfHIA iHil. JlaHuil TPOTOKONI
po3pobneHuit kopropaiiero Dallas Semiconductor (3apa3 Maxim Integrated). 3
BUKOpucTaHHsIM 1-Wire mparroe 6 utbiricts goModoHHNX YimB (DS1990A), kapTok
JOCTyIy, a Takox uepe3 1-Wire CHUIKYIOThCS TOMYJSIpHI JaBadi TeMIleparypu
(DS18S20 1 DS18B20), tpanzuctophi kmoui (DS2405, DS2406), mporpamoBaHi
nopTtu BBeaeHHs-BuBeneHHs (DS2408), ALl 1 LAIL roauHHUMKHM pealibHOTO Yacy
(DS2417) Ttomro.... Pexum 3B's3Kky B I1bOMY TPOTOKOJl - ACHHXPOHHUHU 1
HamiBaymiekcHui. [Ipyu npoMy 3aBXIu € Benyduil - OJMH MPUCTPIA Ha MIMHI, SIKEe
NOCHJIA€ KOMaH/H, 1 BEIEH1 - MPUCTPOI, K1 Il KOMAHIU NPUIMAIOTh 1 BIIMOBIIAIOTh
HA HHX, SKIIO HEOOXITHO; KOXEH 3 BEACHUX NPUCTPOIB MUIKIIOYAETHCS
Oe3mocepenHpO 10 3arambHOi mmHH. [IpoTokon 1-Wire He ckiaamHmMii B peami3altii
OJIHAK JIOCHTh YYTJIMBHM JI0 Yacy 110 nepemkoa. Takox 1-Wire He mpu3HaueHU 17151
nepeaadi BeIMKuX 00’eMiB iHMOpMali Ta s MIBUAKICHOTO OOMIHY JaHUMHU -
MakcHMalibHa MBHAKICTE 9600601/C.

¢VDD TVDD
Master |1]4-7k
data
vDD VDD
J_ data data ¢ data ¢
Slave 1 Slave 2 Slave 3
I I I

Pucynok 1.7 -IIpuknan minkIrO49eHHsS BEAYIOro 1 BEISHUX MPUIaIiB
3a potokojom 1-Wire

[Iporokon 1-Wire onucye Qpi3uuHMA, KaHAIbHUIA, MEPEKEBUNA 1 TPAHCTIOPTHUI
piBH1 B3aemonii. Ha ¢i3uuHOMY piBHI 1alOTHCSI OMKCU METOAIB 3B'SI3KY, BUMOTHU JI0
IIMHU JIaHUX 1 KUBJIeHHIO0. KaHanbHMil piBEHb OMHUCY€E CMOCOOW YMTaHHS 1 Mepenavi
O0ITIB MO TPOTOKOJIy. MepexeBuil piBEHb BU3HAYA€ METOJM ajapecallii 10 PI3HUX
npucTpoiB Ha JiHii. HapemrTi, TpaHcropTHUN piBeHb oOnucye (PyHKIIOHATIbHI
KOMaH/I1, BUKOPUCTOBYBaHi npucTposimu 1-Wire.

OOwmin HbopMaIlEr0 BeneTbcs TaM-ciaoTamMu (60 MKC): OgWH TalWM-CIIOT
CIYyXUTb i1 0OMiHYy oaHUM OtroMm iH(opmaui. Jlani nepemgatoTecst OIT 3a OITOM,
NOYMHAIOYH 3 MOJIOJLIOTO O1Ta MOJIOUIOrO Oaiira.
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[Ipu oOMiHI 1H(pOpPMaIiE0 BeAyyuid IHINIIOE€ 3B'I30K Ha OiroBoMy piBHI. Lle
O3HaJae, M0 Iepefadya KOXKHOTo Oira, HE3aJIeKHO BiM HampsAMKy (miepemada abo
NpUiioM), IOBUHHA OYTH IHII[IIOBaHA BETYUYHM.

1.3.6 Ananoro-uugposuii nepersoprosay MCP3001
10-po3psinuuii ananoro-mudposuii nepersopioBad (ALIl) MCP3001 moennye
BHCOKY TPOJIYKTHUBHICTh 1 HU3bKE CHEPTOCIIOKMBAHHS B HEBEJIMKOMY KOPITYCi, IO
poOuTth ioro ineanbHUM s BOyaoBaHux mnporpam kepyBanHs. MCP3001 mae
apXITEKTypy NOCHIIOBHUX pericTpiB anpokcumaiii (SAR) 1 nocninoBHuii HTEpPeiic
SPI, o BigmoBimae mMpOMHUCIOBOMY CTaHAAPTY, IO A03BOJIsiE Aoaath 10-po3psmHuii
ALII no 6ynp-axoro mikpokoHtposiepa PIC®. MCP3001 mae 200 Tuc. BubOipok B
CEKyHJy, | BXITHUHN KaHaJl, HU3bKE €HEPTOCIIOKUBAHHSI (TUIIOBUN PEKUM OUIKYBaHHSI
5 HA, tunoBuit aktuBHMIA 400 MKA) 1 foCcTynHUN y 8-KOHTaKTHUX Kopiycax PDIP,
SOIC 1 TSSOP. 3actocyBanns qst MCP3001 BxmodaroTh 301p JaHUX, KOHTPOJIBHO -
BUMIPIOBAJIbHI TpWIaAU, OaraTokaHalbHI peecTpaTopu AaHux, npomuciosi [IK,
KEpyBaHHsS JBUTYHaMH, POOOTOTEXHIKY, MPOMHCIIOBY aBTOMAaTW3allilo, pPO3yMHI
JATYMKH, TIOPTATUBHI IPUJIAIU Ta TOOYTOBY METUUHY TEXHIKY.
XapaKkTepUCTHUKU:
10-po3psimHa po3ailTbHA 34aTHICTD;
Bubipka Ta yrpuMyBaHHS Ha 4ili;
[MocninoBuuit inTepdeiic SPI;
Omepartist 3 0THOTO JiKepena kuBneHHs: 2,7 B - 5,5 B;
HMIBUJKICTh AUCKpeTu3allii 75 k/c npu 2,7 B;
[IpomucnoBuii remneparypuuii gianazos: -40°C no +85°C;
8-konraktHui laketnn PDIP, SOIC, MSOP 1 TSSOP.
3acToCyBaHHS:
[arepdeiic naTunka;
KepyBanHus nporuiecom;
30ip maHux ;
Omnuc cuctem, 1O MPalOOTh Ha OaTapei.

PDIP, MSOP, SOIC, TSSOP

Vaer L] 1 ]‘; 8] 1Vpo

IN+ [] 2 %’f 7] CLK
IN-[]3 & 61Dy

Vs []4 = 5[ ] CS/SHDN

Pucynok 1.8 - PozminoBka npuiany MCP3001
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2 MPOEKTYBAHHS EJJEKTPUYHOI MPUHIIMIIOBOI CXEMHA
2.1 Po3poOka cxeMH eJIleKTPUYHOI MPUHIMIIOBOI MiKPOKOHTpOJIepa

VY nmpoteci npoekTyBaHHs OyIb-IKOTO MPUCTPOIO, (POPMYETHCS HAOIP TEXHIYHOT
JOKYMEHTAIlii 10 IhOMY TPUCTPOIO. B TeXHIUHIA JOKyMEHTaIlli OIMHCYETHCS
napameTpu, podoTa MPUCTPOI0, HEOOXITHI JIJIT BUTOTOBJICHHS KOMIIOHEHTH Ta METOIU
13aco0u HayarokeHHs1 (PYHKIIIOHATBHUX MOSKIMBOCTEH MPOEKTOBAHOTO MPUCTPOIO.

OnHuM 13 HAMBaXIMBINIMX PO3AUIIB TEXHIMHOI JIOKYMEHTAllll SIBISETHCS
MO/IaHHS €JIEKTPUYHOI MPUHIIUIOBOI CXEMHU MPOEKTOBAHOTO MPHUCTPOIO.

Enextpuuna mnpuHIMIoBa cxema — 1€ TpadiiHe 300pakeHHS OyH0BH
npucTporo Ha ¢BuuHOMYy piBHL. [laHa cxema BITOOpakae 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€eThCSl PO3BENCHHA JOPDKOK HA IUIAT1 Y BIANOBIIHOCTI 1O JIHIA
MIKTIOYEHHS, 300paXXEHUX HA CXEM1, Ta MOHTaX 1 Maiika €JIEeMEHTIB MPOEKTOBAHOTO
OPUCTPOIO. YC1 eNeMeHTH, 300pakeHlI Ha eJeKTPUYHI TMPHUHIUIOBIA CXeMi,
nianmucyrThes 3rimHo Bumor JICTY.

Konen enexTpuuHMA NPUCTPIA HE MOXKE MpalloBaTH 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
BUKOPHUCTOBYIOTECSI TPaHC(HOPMATOPHI, IMITYJIbCHI, KOHIEHCATOPHI OJIOKU KUBJICHHS
ToO... JIo CKIlany HaMMpOCTINIOI CXEMH BXOJISITh: MOHIKYIOUHMA TpaHcopmaTop,
TIOMHUN MICT, €NeKTPOJITHYHI KOHIEHCATOPH Ta MIKpocxXxeMa crabutiamii (JIuB.
pucyHok 2.1).

I DD1
~220V i L7805 [t ©
|
|
= | —cz SV

R : °

Pucynok 2.1- Cxema ctabutizallii >KUBJICHHS JIJIs1 IU(POBUX MPUCTPOIB HA
OCHOB1 MIKpOKOHTPOJIEPIB
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KirouoBuM enemeHToM B AaHid cxemi € crabinizatop L7805. IcHye nBa BUaU
crabitizaropa 7805: 3 ctpymoM HaBaHTakeHHS 10 1A 1 mamomoTykuuii 78L05 3
ctpyMom HaBaHTaxeHHs 10 0,1A. Kpim Hux € npombkuuii Bapiant 78MO0S5 3 ctpymom
HaBaHTaxxeHHA 70 0,5A.

€wmuicte Cl Ha BxoAl ctabulBaTopa HEOOXiTHA TUIS 3rJIaKEHHSA
BHCOKOYACTOTHUX 3aBaJl NMpH Tojadi BxiqHOi Hampyru. €muicth C2 Ha BUXOA1
cTabii3aropa 3a7a€ CTadUTbHICTh HAMPYTH TPH PI3KiH 3MIHI CTPyMY HaBaHTAKCHHSI, a
TaKOX CYTTEBO 3HWXKYE aMIUNTyQy myibcamid. Jlms #oro HopMambHOI poOoTH
Hafpyra Ha BXoJ11 oBUHHA OyTH y niana3oHi 10-20 B.

st popmyBaHHS Hampyrd TaKOro PIBHSA BHKOPHCTOBYETHCS OMHO(DA3ZHUI
Tpancdopmarop Ta gioaHUI MICT. [y Toro, mo6 cpopmyBaT HEOOXiTH1 YMOBH JIJIst
pobotu MKC HeoOXiHO nepeadaduTH IKepesio IMIMyIbCIB CUHXPOHI3aILii.

B wmikpokonTponepax cimerictBa PIC16 mnepenOadeHo Jekiuibka THUIIB
redeparopiB. s PIC16 xopucTyBau Moske 3amporpamyBaTd JBa KOHQITypariiHux
oiru (FOSC1 1 FOSCO) nna Bubopy onuHoro 13 yotpboX peskumis: RC, LP, XT, HS.,
ne:

RC — reneparop ra RC-manij;

XT — cTanpapTHUN KBaplLIOBUM F'eHEPATOP;

HS — BuCOKOUYacTOTHUH KBapIlOBUI TeHEPATOP;

LP — Hu3bKOUACTOTHUI MaJIOi TIOTY>KHOCTI T€HEPaToP.

B pexumax XT, LP 1 HS mo BuBomizs OSCI1/CLKIN i1 OSC2/CLKOUT

MIIKITI0YAETHCS KBAPIIOBHM 00 KepaMIyHUN pEe30HATOP.

DD1
— 1 RrA2 RA1[HE
—21RA3 RAO H z1 Gl
_ 3] (16 T [
RA4 osc1 4
41 RAS oscz2 12— MHzl
f—\c— 14 i

~gs Vdd |—— c2
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PucyHok 2.2 - Cxema TakTyBaHHs MIKpOKOHTpOJIEpa

Jlns migkIroYeHHsT pe30HaTopa BUKOPHUCTOBYETHCS TUIIOBA CXeMa BUPOOHHUKA.
€MHICTh KOH/IEHCATOpIB MOBHUHHA OyTW B iHTepBaii Bin 15 no 22 nd, oauH BUBI
AKUX MIIKII0YAETHCS JO PE30HATOPA, a IHIIMHA 10 3EMJIL.

Y npuctpoiB, moOyaoBaHWX Ha OCHOBI MIKPOKOHTPOJIEPIB TepeadadcHuit
MEXaHI3M araparHoro peceTyBaHHA. Y MikpokoHTtposiepiB PIC16 BuBim, 1o
NPU3HAYCHUN NIl pydyHOro mnepesanycky HasuBaeTbesi /MCLR. AKTUBHUI cHUrHal
Ul CKWIaHHS — Iie curHai JjoriyHoro 0, mo momaerbes Ha BXim /MCLR  mpwm
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
napamMeTpu MIKpOKOHTpoJjepa 0e3 BIWIydeHHS HoTo 13 mpucTporo. [Ipm 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. Jlani mepematothcss mo smHI Data n®a BuBim 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
3a0e3Meuyl0Th CTaHAaPTHY HANpPYTy *KUBJICHHS JJIs1 MIKDOKOHTpoJiepa piBHeM +5B.

Ha enexTpuuHiii NpUHIMIIOBIA CXeMI MOKAa3aHO SIK B3AEMOJIIOTH PI3HI BY3JH
MDK COOOI0 Ta SIKi KOMIIOHEHTH BUKOPHCTOBYIOTBHCS JIJIsi TIOOYAOBU MPOEKTOBAHOTO
OPUCTPOIO. 3rITHO 13 II€I0 CXEMOI y MOJAIBIIOMY (POPMYBAaTUMETHCSA MPUHLIUI
poboTH yciei cucTeMH Ta auropuTM  (QYHKIIOHYBAHHS MIKpOKOHTpOJEpa, SK
OCHOBHOTO BY3JIa KEPYBaHHS.

[IpucTpoi BBENEHHSA/BUBEACHHS — 1€ PI3HOTO POy nepudepiiiHi MOy, sK1
HIIKIIIOYAIOTECS 10 (PYHKLUIOHAJIBHO 3aBEPIICHOr0 MPUCTPOIO ISl  KEPyBaHHS
po0OTOI0 IHOTO MPUCTPOIO Ta OTPUMAHHS IH(POpMaIli Mpo BUKOHYBaHI HUM (YHKITIi.
Hanpuknan, nis [IK Takumu npuctposiMu € KiaBiaTypa, MUIIKa (IPUCTPOI BBECHHS)
Ta MOHITOP 1 IpUHTEP (IPUCTPOi BUBEIACHHS ).

Jlyis  MIKpOKOHTPOJIEPHUX CHCTEM HOMEHKJIaTypa MpPUCTPOIB BBEICHHS YU
BUBEJICHHS Jemlo iHma. [Ipuctposmu BBoAY KpiM KiIaBiaTypHu (KIaBiaTypHOI MaTpHII)
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, IS MAKITIOUEHHS KX BUKOPUCTOBYIOTHCS IHTEPPEHUCHI 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 MEXKaX OJHOro po3‘emy. Hampukmnan, st 30BHIHIX
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 MPUHIIMIIOBA CXE€Ma MpAaIfoe HACTYMHUM yuHOM. [licns
10/1a41 )KUBJICHHS MIKPOKOHTpPOJIEP MOKPOKOBO BUKOHYE Mporpamy, 10 3aKjajaeHa 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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PucyHok 2.3 - Enekrpuuna npunimnosa cxema po6otu Cuctema moritopunry U ta T

Tabmuus 2.1 — Tlepenik eneMeHTIB eIeKTPUYHOT IPHUHIIMIIOBOI CXEMHU

N2 TI/I1

Ha3Ba eiementa

Ilo3Hauenus

Howminan

1 Tpancopmarop TR1 220B

2 Jlioguuii MicT VDS1 D13A4

3 Perymsarop nanpyru DD1 7805

4 KBap1ieBi pezonaropu 71,72 AMI 11

5 Konnencarop Cl 100mk D

6 Konnencarop C2 10MKD

7 Konnencaropu C3,C4,C5,C6 151D

8 Pesuctop R1 4k7xOM

9 Pe3uctopu R2,R3 10xkOM

10 MikpoKOHTpoOJIEpU DD2,DD3 PIC16F689,

PIC16F883

[Mudposuit TepmoaaBad

IC1

DS18B20

12

1-psaxoBuii PKI

LCD

LMO16L

13

Knonka-nepemukau

S1,S2

SK1-53

14

Amnanoro-un@poBuil nepeTBoproBay

IC2

MCP3001
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2.2 CtBopenns npoekty B cepenopunsi PROTEUS VSM

bitbmiicTe pagioaMaTopiB CTUKAIMCS 13 CUTYaIli€l0, KOJU 3a OpakoMm JOCBITY
YU TPUCYTHICTh MOMHIJIOK y cxeMi abo 3K 3a HIIMMH OOCTaBHUHAMH, IICYBAJIU
paaloeNneKTPOHHI KOMIIOHEHTH.

3'sBUsIacs BeNM4e3Ha KUTbKICTh MPOTpaM CUMYJISITOPIB, 10 3aMIHIOIOTh peallbHi
pamioaeTan ¥ mpuiaanu, BIpTyalbHUMH MoAenaMu. CUMYISTOPH JTO3BOJIAIOTH, 03
30MpaHHsl pEaTbHOrO MPUCTPOIO, HAIArOJAUTH POOOTY CXEMH, 3HAUTH TOMMUJIIKH,
OTPUMAaHI Ha CTaJ(li MPOEKTYBaHH:, 3HATU HEOOXIH1 XapaKTEePUCTUKH M OaraTo 4oro
immoro. Oxniero 3 Takux mporpam € PROTEUS VSM.

Proteus VSM cknamaetscs 3 aBoX camocTiiHux mporpam ISIS ta ARES.
ARES 1ne tpacupyBaibHHMK APYKOBaHUX IUIAT 3 MOXJIMBICTIO CTBOPEHHS CBOIX
016mioTek. 3amyck nporpamu BinOyBaeTbesi 3 MeHio Ilyck — I[Iporpamu - Proteus 7
Professional - ISIS 7 Professional. [lpu 3amycky mporpamu 3'SBISIETECS OCHOBHE
BikHO Tiporpami ISIS 7 Professional.

HaitOinpiimii  mpocTip BiaBeAaeHui mia BikHO penaryBanHs EDIT WINDOW.
Came B HbOMY BiZOYBAalOTHCSI BCl OCHOBHI IMPOLECHU CTBOPEHHS, peAaryBaHHS W
HAJIarOJDKEHHS CXEMH MPUCTPOoro. JIBopyd yropi ManeHbKe BIKHO TOIMEPETHBOTO
neperisiny Overview Window 3 #oro J0momMororo MokHa MepeMillyBaTUCs M0 BIKHY
penaryBaHHs (KJIaljarouu JIBOIO KHOMKOI MHUIII MO BIKHY MOTIEPEIHBOTO MEperisiay,
MO>KHa TEpeMIllyBaTH BIKHO peAaryBaHHS 3a CXEMOIO, SIKIIO 3BUYAaWHO CXeMa He
BMIIIAETbCSL y BIKHO). [lepemilyBaTu BIKHO peJaryBaHHsS 3a CXEMOIO MOKHA IIIe
yrpuMytoun HatucHyToi kHomky SHIFT Ta pyxatouum KypcopoM MHI 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
CXEMH TII-BIKHO pelaryBaHHS.

Fa LIMTTELFD - IS Profedilsail (Deme )
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PucyHnok 2.4 - OcHoBHe BikHO nporpamu ISIS 7 Professional 1 BikHO
HOTIEPETHBOTO TIEPETIITY.
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[1in BIKHOM momepenHbOTo mneperisny 3HaxoauThes: Object Selector - cnmucok
00paHMX y IIe MOMEHT KOMITOHEHTIB, CHMBOJIIB M IHIIMX €JIEMEHTIB. Buainenuii y
CIHCKY 00'€KT BIMOOpaXa€ThCs y BIKHI MTOMEPETHHOTO TIEPETIISY.

Bcei moximBi QyHKIil Ta iHCTpyMeHTH Proteus VSM noctymnHi uepe3 rojioBHe
MEHIO, Yepe3 MIKTOTPAMHU SIKl 3HAXOJAThCS II MEHIO 1 y JIBOMY KYyTI OCHOBHOIO
BIKHA Ta 4Yepe3 rapsiui KJIaBilIi, SKi MOXYTb MEpEeNpPU3HAYYBATUCSI KOPUCTYBAUYEM.
BHM3y OCHOBHOro BIKHa pO3TaIllOBaHi: KHOTIKA OOEPTaHHS Ta PO3BOPOTY 00'€KTa
HABKOJIO CBO€I OCi, MaHellb KepyBaHHs IHTEPAKTUBHOIO CUMYJISINEIO - BUTJIIAE SIK
marHitobponna i ¢ymkuii Taki x: IYCK , ITIOKPOKOBHUI PEXUM,
[MTAY3A,CTOIL.

ROOT SHEET 1 S0 4 &

Pucynok 2.5 - [lanenp kepyBaHHS HTEPAKTUBHOIO CUMYJISLIIEIO.

Cepenoume PROTEUS wmae BemuuesHy  O107I0TeKYy — €JIEKTPOHHUX
KOMIOHEHTIB. Bci enemenTn mepedyBaroth y 0i0mioTeri kommoHeHTB. [1[00 mo Hei
notpanuT nmoTpioHo nepeitu B peskum COMPONENT (koMmnoHeHTH), HaTUCHYBIITH
BiinoBinHy niktorpamy P (Pick devices) a0o aBiui KialHYyBIM JIIBOXO KHOIKOKO B
noJti BuObopy kommnoneHTiB Object Selector.

KomnonenTr Mo’kHa BHOMpATH MO KaTeropiix, Ta y CHHUCKY. 300pakeHHs
KOMIIOHEHTa 3'SBUTHUCA Yy BIKHI mnomnepenHboro neperysny. o0 po3micTutu
KOMIIOHEHT Ha poO0oYOMYy TOJII MOTPIOHO HABECTHU KypCOp MHUILI Ha NOTPIOHE MicLE 1
KJIAIHYTH JTiBOIO KHOTIKOIO Muiti. [1[06 3’ €qHaTyi BUBOM KOMIIOHEHTIB MPOBITHUKOM
MOTPIOHO MIABECTH KYpPCOp MHUIIN JO BHUBOAY KOMIIOHEHTA, ITICJIS MOSBHM Ha BUBOJL
KOMITOHEHTA XpeCTHKa MOTPIOHO KIJIAIIHYTH JIIBOIO KHOTIKOIO MMIIII 1 MTIIBECTH KYypCOp
MHUIII IO BUBOAY IHIIIOTO KOMIIOHEHTA.

== Pick Devices @@
Macra Pesynorame: (5251 NMpocroTp cresss
| YerpofeTeo | Bumiorera | Drucasses A eaEr0 red BEAGDEHO 1A% MDOCHeTT
Concao uemir.om 655 AHALOG Tuner/Olzcillatos
T R MO AR 7EES AMALOG CMOS Timer/Oscilator
TEIS AMALOG 5 Froed 14 Pofilive Powes Supply Aegudato
Kf:"':p“‘“ _____ - | Tes AHALDG By Feomd 14 Positive Powe: Supply Reguiatod PLE Mpacseorp:
[Bee maTercp) ~| | TEDS ANALOG B Feoed 14 Positive Powe: Supply Alegulatol
He Nmtmmw TEOS AMALOG 9 Froed 154 Positive Power Supply Regulato
Anadog TEHIO AMALOG TOV Fied T Pocitive Power Supply Flegudat
Capacilors a2 AMALOG 12V Fixed 1 Posilive Power Supply Regulat
CMOS 4000 senes 815 ANALDG 15V Fixed 14 Positive Power Supply Fegulah -
Cormaclors 7E18 AMALOG TEY Freed 14 Positive Power Supply Fliegulsh 7 ! e
Laplace Pririlives TEL24 ANALOG 24V Fired 100ma, Positive Power Supply Fleg ‘ l-
:*ﬂhﬂﬁl‘?’ 78540 AMALOG 1,54, Liniversal Switching Regulator Subsyste 5 e e
M:"‘“J'me-sm It Fa0s AMALOG 5 Fizoad 14 Megative Power Supply Fegulat ki
i . 7906 ANALDG BV Ficed 14 Megastive Power Supply Flegulat
s 7308 ANALOG 8V Ficed 14 Negative Powet Supply Flegulah L 9
Dpesationsl Ampilfrs 70 AMALOG 8V Froed 14 Negative Power Supply Flegulat: L\
Ml e e i Mo ARNALOG TOV Freed T4 Megatiee Power Supply Reguls
Mz AMALOG T2V Fieed 1, Hegative Power Supply Regulz
MNoakareropus 915 AHALDG 15V Fivad 14 Hegative Power Supply Reguls
m 3313 AMNALOG TEY Fred 14 Negative Fower Supply Fegule
R a— 1% EHALOG g Eiad latierdin Covelavank ipas
Foe Fa12 AMALDG 12V Fied 100mé, Negative Power Supply Re | | [ Drewa
(VRN s Ta15 AMALOG ZEV Freed 100rnés Heoatiee Power Sunok Re

PucyHok 2.6 - bibiioTeka en1eKTpOHHUX KOMIIOHEHTIB.
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Jna toro, mo6 neperiasiHyTH poOoTy cxeMu, HeoOxinHui BuximHuii HEX-
¢aiin. Cepenosuiie PROTEUS nintpumye 6arato 3aco6iB po3poOku, cepen Hux 1 HI-
TECH Ci xommnusitop 1 CROWHILL PIC BASIC 1 BASIC STAMP. Ilonepenano
HEX-¢daiin noBuHeH OyTH CTBOPEHHMH 3 BHUKOPUCTAaHHSIM  CEPEIOBUILEM
nporpamyBaHHs MikpokoHTpoJepiB B ¢pipmu MICROCHIP, a came MPLAB.

LCD1
LnoL

—|N|n| =0 Lt Ui e (= 0 O ] o
&
U4
U4 % RCOTIOSOMTICK REMICLRAAR ——
1 Roimiosicors
R1 i 2
W 5| RushOCTINHCSAOATAILAAY  RCOBNACIZNG o g el RARNULEUIG N e =
E_| RarmnICIZNG-AREFICSPCLE  RCTRNSCIZNG [ R [ FABRIEINL T
U2 it n D RCuSDISDA  RAZUNZVREF-CYREFCING [——
2 I RAZBNTOC KNTCAOUT RCZBNEC1ZNE b b 5
oo 2 4 peamicRAmR RCIONTCAZNG o5 | Hkse00 RAARARERLING -
2 3 b B =L RCETHCK RAWTICHICIOUT (2
i 2 RAMANITIGOSC2CLHDUT RCAC20UT 5 * 7
1 2 S RETRXDT RASHNLESCAUT
@ @ Gho —=— RASTICHOSC 1CLKN ALS - RIOACLOUT |1
RCARNEES o — 18 13
peedl E REABNIDSDIEDA RCTNSED0 x :g? MrRspieL
= 11 ::ﬁs@[ﬁ 2 RD2 REQANZINT JI:
(T ity Z renninciang. 2
U1 I RizeNg |22
i TETren Z | rosmie REJNAPE G 12N
L& 2 roerrc R |
2 | e 3 oo RESRNIITTE
RV . REGACSACLE ﬁ
S el £ reEnens RETACERDAT
=21 REWRNG
® [T ) reamnr
4 AT

&

Pucynok 2.7 - JlocaimkyBaHa cxema
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3 PO3POBKA ITPOI'PAMHOI'O 3ABE3ITEYEHHSA MKC
3.1 Po3pooka aaroputmy ¢pyakuionyBanass 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'FOTEPHUX TPOTpaM aIrOpUTM OMHUCYE JIOTTUHY MOCTIMOBHICTH omepartiid. s
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
BiIOYBAETHCS 3aHECEHHS 3HAYECHHS 3MIHHUX MOJAETHCS Y BUTIBII Mapajenorpama, B
SKOMY TIepepaxoBaHi iMeHa UX 3MIHHUX. Po31i1 mporpamu, y sikOMy BiTOyBa€eThbCs
BHKOHAHHS TIEBHOI Omepallii moaeTbes y GopMi MpSIMOKYTHHKA, a PO3ILT HepeBipKH
yMoBH — y (opmi pomba. KpiM TOTO MOXYTh BHUKOPHUCTOBYBATHCH PO3IUTH, SKi
TOBTOPIOKOTH NEeBHUI HaOip KOMaHA ISl IHIIOTO AaHAIOTIYHOTO BUMAAKy. Taki
pO3AUIM Ha3MBAIOTh OJIOKOM INEHTHMYHUX OTepaliii Ta 300paXyloTb Y BHIJIAL
mecTUKyTHHKA. [lle omuH po3ail, MmO € MOMMPEHWM Yy TMporpaMax — Iie PO3JIUT
BUKOHAHHA MIANporpaMu. 300paxyeTbcsi BIH y (opMi MNPsIMOKYTHUKA 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, 1HCIpyKu11 ITOPUTMY OTHCYIOTh MPOLIEC
OOYHCIIEHHs, SIKI BiAOYBalOTbCS Yepe3 TMOCIHIIOBHICTh CTaHIB, S$Ki, 3pEUITOlO,
3aBEPIIYIOTHCS KIHIIEBUM CTAHOM.

[lpyHumnu noOyAOBH NPOrPaMHOIO 3a0€3MEYEHHS TOYHO Takl XK, fAK 1
arapaTHOi YaCTHHH: CTBOPEHHS KIHIICBOTO MPOIYKTY 3 TOTOBUX OJIOKIB - IMAIIPOTPaM.
Sxmo BCIO poOOTy MporpamMu pO3MICTUTH y BEKTOpax IepepuBaHb, TO OCHOBHHU
JIOJIaTOK HISK HE BiqUye€ BUKOHAHHS (parMeHTIB CyCigHIX miamporpaM. ['ojoBHe
BU3HAYUTH MO>KIJIMBOCTI aniapaTHOl YaCTHUHHU.

[IporpamMue 3a0e3reyeHHs MIKPOKOHTpOJepa HeoOXigHO OyayBaTd 3
MaKCUMAILHUM BHUKOpPUCTaHHSIM Tmepudepii. Ilpu mpoMy sapo HEe BHKOHyBaTuMe
0e3J1141 pyTUHHUX OIeparlii.

[Ticns BKIIOYEHHS JKUBJICHHS CEpBICHA IMporpama IOYHHAE MPOBOIUTU
Himarkaniro. Ha mnodarky mnporpaMu NPUKPILTIOETBCS — hailr 0100 TEeKH
MIKpOKOHTpOJIepa, MICJS YOro OTOJIONIYIOTHCS OITH MOPTIB 1 PETICTpH Mam'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 moJIermuTy (OopMyBaHHS NPOTPaMU - MPHUCBOIOETHCS 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 y TOMEPEIHBOMY CEaHCi
poOOTH IUIIXOM 34UTYBaHHS BIINOBIAHUX napameTpiB 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.

JI1s BUKOPUCTAHHA y MPOTpami KOHCTAHT 1 3MIHHMX HEOOXITHO 1X MONEPEIHBO
onucard Ta orojocuTd. KoHcTanTa - e NpOCTO JAESIKE 4YHUCIO, IO YacTo
BHUKOPHUCTOBYETHCS B IPOTPaMi, 1 Ma€ TIEBHUM 3MICT.

KpiM KOHCTaHT, sKi, BIUIMOBITHO JO CBO€I Ha3BH, MPOTITOM YyChOr0 Yacy
poOOTH MpOTpaMu HIKOJM HE MIHAIOTHCS, Y IIporpami icHyt0Th 3MiHHL [l 3MiHHOO 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 y
( Ioyator ) (l)out Mouator )

THIOIATIZALILA MK
HAJAMITYBAHHA NOPTIB
MSSP UART, SPI

ITHIIIATIBALLA MK
HAJIAITYBAHHA NOPTiB
MSSP UART

“ 01'|'II1M‘dHHlI JAHHX
3 Ul na U2

OrpumaHHs JaHHX
3 MCP3001 ta DS18B20

Y

Y [Miaroroeka gannx
/19 BHBEICHHA Ha
1-paakosnii PKI

Janne gannx
¥ 3minni

Y

[lepegaua orpumanoro
jHauecHun va U2 Kineus

Pucynok 3.1 - briok-cxemu po6otu Cuctema moniropurary U ta T
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3.2 KoupirypyBaHHI TNPHUCTPOI0 3 BHUKOPUCTAHHSIM JIHPEKTHBH
__CONFIG

CimeiictBo MikpokoHTpoJiepiB PIC16 mae Habip cneuianbHuX (QYHKIIH,
NPU3HAYEHUX U1 PO3IIMPEHHS MOXJIMBOCTEH CHUCTEMH, MIHIMI3allli BapTOCTI,
BUKJIIOUEHHS HaBICHUX KOMIIOHEHTIB, 3a0e31e4eH s MIHIMaJILHOTO
CHEPTOCIIOKMBAHHS 1 3aXUCTy Koay Bin 3umTyBaHHi. B PIC16 peam3oBani HacTymHi
CrieliaTbH1 PYHKIII :

BUOIp TUITy T€HEPaTOpa;

CKUJIaHHS,

cXeMa CKUJAaHHS 10 BKIFOUEHHIO KUBJICHHS ;

taiimep ckunanns (DRT);

crtopoxoBuii Taiimep (WDT)

pEXUM MOHMKEHOTO eHeprocnoxubanHs (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 koHdirypartii 3agatotecs 3a nonmomororo 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_OFF&L
VP_OFF&CPD_OFF&WRT_OFF&DEBUG_OFF);

@®parMeHT 3aroJioBKY IMPY HATUCAHHS IPOTPaMH JJIsi MIKPOKOHTPOJIEpa
PIC16F884 3 Bukopuctanusam MoBu C:

__ CONFIG(FOSC_XT&WDTE_OFF&PWRTE_OFF&MCLRE_ON&CP_OFF&CP
D_OFF&BOREN_OFF&IESO_OFF&FCMEN_OFF&LVP_OFF&DEBUG_OFF);
__CONFIG (BOR4V_BOR4OV&WRT_OFF);

3.3 HanmucaHHA Kepyo4oi nporpamMm 1Jisi MikKpOKOHTpoJiepa

[licnst BKIIOUEHHA JKUBJCHHSA CEpPBICHA MpoOrpaMa IOYHUHAE MPOBOJIUTH
HimlanBaniro naHux. Ha mowaTky mporpamu NpUKpILIOETbCA (ain  010y10TeKn
MIKpOKOHTpOJIepa, IICJISI YOr0 OTOJIOIIYIOTHCS OITH MOPTIB 1 PEricTpy IMaM'sTi, SKi
BUKOPHUCTOBYIOTBCA B Tmporpami. JlaHuii THUM MIKPOKOHTpOJEpa Mae BUIbHI IS
BUKOPHCTAHHS KOMIPKHU MaM'sITi 1, OO MPU KOKHOMY 3BEPHEHHI 10 NIEBHOI KOMIPKH
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HE OINUCYBATH ii afpecy, Ta MOJETIUTH (POPMYBAHHS NPOrpaMu - MPUCBOIOETHCS 11

Ha3Ba.

V noHATTS HIiaI3aIl BXOIUTh:

MIPUCBOEHHS MOYATKOBUX 3HAYEHBb BCIM 3MIHHUM MIPOTPaAMU;

HaJIAITyBaHHS BCIX BHYTPIIIHIX CUCTEM MIKPOKOHTPOJIEPa;

BIIHOBJICHHSI PEXUMIB POOOTH CHUCTEMH, BCTAHOBJICHHX Yy MOTEPEIHBOMY
ceaHcl poOOTH LUIAXOM 3YMTYBAHHSA BIIMOBIIHUX MapaMeTpiB 13 ¢uieni-nam'sti;
BUKOHAHHS TMIINPOTpaM, MPU3HAYEHUX MJI1 YCTAHOBKM BCIX TepHQepiiHuX
MIPUCTPOIB CXEMH TMO3UINIOHEpAa Y BUXITHUA CTaH (OYHUINCHHS IHIWKATOPIB,
MITBEPDKEHHS KOMaH/IM 3YIIMHKH JIBUTYHA TOIIIO... );

BUKOHAHHSA MIANPOrpaMHU 3allyCKy CHUCTEMHUX JHYWIbHUKIB-TaMEpiB 1
MeXaH13My MepepHuBaHb MIKPOKOHTPOJIEpa.

KpiM KOHCTaHT, 5Ki, BIIMOBIAHO 1O CBO€l Ha3BW, MPOTITOM YCHOTO Yacy

po0OTH TIpOoTpaMH HIKOJIM HE MIHSIOTHCS, Y TIpoTpaMi ICHYrOTh 3MiHHI1. [1i1 3MiHHOTO B
nporpami po3yMieTbCsl iM's perictpa, abo ajgpeca KOMIPKM Ham'sTti, e B Mpoleci
BUKOHAHHS MpoTrpamMu Oyjie TUMYacoBO 30epiraTucs 3a3najierias HEeBITOMa BEJIMYMHA,
a00 MPOMDKHUIN pe3yabTaT O0YHUCIICHb.

[Ticns BUKOHAHHS MOAYJIS IHIIaTi3allii MporpaMa MmepexoauTh 10 OCHOBHOTO

UK. Y IIbOMY UK TporpamMa repedyBae yBeCh 4ac, MOKU BKIFOYCHE KUBJICHHS.

[lep1or0 YaCTUHOIO HAILLIOTO MPOEKTY OYyJ0 HaMMCaHHS TEKCTY MpOrpamu JJist

MEPIIOTO MIKPOKOHTpPOJIEpa, M0 BUKOHYE (DYHKIIO OJEp KaHHSI JaHWX 3 MPHUCTPOIB
DS18B20 Ta MCP3001, a Takox 00poOKy Ta mepenady nanux Ha apyrui MK.

HaBenenuii Hmwkye MOAyJdh MporpaMyd 3AIMCHIOE IHIIATBAII0 TOPTIB

MmikpokoHTposaepa PIC16F689 moayns UART Ta SPI:

#include "MK _init.h"

[1---- ormc PYHKIIH ~--------=-=-=-=-m-—--

void MK _init(void)

{

/I--Hanamrysanss moptiB--//

TRISC6=1;//suBin kepyBanus npuitomy gauux mo SPI simx MCP3001
TRISB5=1;//suBin npuiiomy ganux 3 DS18B20

TRISB4=1;//suBin npuiiomy gaxux 3 MCP3001

TRISB6=0;//suBin nogaui TakryBannst Ha MCP3001

TXREG=0;//perictp npuiiomy
RCREG=0;//perictp npuiiomy

BRGH=1,

SYNC=0;//acuaxponuii pexxum

TX9=0;// pobora 9-Tu OITHOT TOCWITKA
TXEN=1;//mo3B 11 BKIIFOUEHHS TIepe1aBada
[]-=---- RCSTA-—-----------

RX9=0;//n03Bi1 po60TH 9-TH OITPHOT MOC HITKH
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CREN=1;//n03Bi1 BKJIFOUEHHS MepeaBada
SPEN=1;//sxmouenns moaymns UART

Jf--mmmemee- MSSP SP| —-------—

/I--- SSPSTAT

SMP=0;// onuryBaHHs1 BXOly B CEpEIMHI TIEPiOy BUBCICHHS JaHUX

CKE=0;// Bubip hpoHTY TaKTOBOr0O CHrHAJY, JaHi MEPeIaroThCs M0 3aJHBOMY (POHTY CHrHAILY Ha
BuBin SCK

/I--- SSPCON1

CKP=0;// nani nepenaroTscs 10 3aaHb0MY (ppoHTy curHany Ha BuBing SCK

Il Pexxum pobotu Mmomyist MSSP:

Il Benennii peskum SP1, Takrouii cursan = Fosc/4

SSPM3=0;

SSPM2=1; /Islave

SSPM1=0;

SSPMO0=0;

SSPEN=1;

GIE=1,
¥

[Ticns iHimianizamii MM BUKOHYEMO HATIUCAHHS KEPYIOUOi porpaMu y daiini main.c :

//---- Oromnomryemo ¢yHKITiO 17151 oTpuManss qaHux Bim MCP3001 -------------—--
/[---- oronomienns ¢yHKIIi --------
unsigned char spi_receive(void);

/1---- ormc pyHKIIH ~-----------------
unsigned char spi_receive(void)

{

while(BF==0){}

return SSPBUF;

¥

/|---- OCHOBHA IIPOI'PAMA -------mrmmmmmmmev
void main(void)

MK _init();/dysxmis iximianBarii MK

/13 nificHIO €EMO OTpUMaHHs JaHuX mpo Hanpyry 3 MCP3001

U=spi_receive();/*orpumanns Ta 3amuc orpuManoro 3Hadennst 3 MCP3001 y 3MmiHy 3a J0IIOMOro
npomnucanoi QyHKIT*/

uart_trans(U);//mepenaua nanux Ha apyruit MK

Hactymauit pparmenT 3xiiic HFOE YWTaHHA TaHUX TeMrepaTtypy 3 npuctporo DS18B20:
ds18b20 _init();//minkmrouaemo ¢yHKIIiro iHima 3amnii DS18B20
ds18b20_trans(Skip_ROM);//3BepHeHHS 10 €MHOTO MPUCTPOO HA MIMHI
ds18b20_trans(Adc_strt);// 3aryckaemo KOHBEPTALLIO TEMIIEpaTypr
__delay_ms(750); //3aTpumka 115t KOPEKTHOT poOOT 1
ds18b20 _init();
ds18b20_trans(Skip_ROM);
ds18b20_trans(Read_RAM); //3auryemo aapecy MpUCTPOrO, MO0 BU3HAYUTH aqPeCH

//€eIMHOTO TPUCTPOIO HA MIMHI
DS _t=ds18b20 receive();//3amic qaHux y 3MiHHY
while(1) {

Jlauni 3nilicHIOeThCST 00po0Ka TaHKX JJIs TIepeiavi Ha JPYTHid MiKp OKOHTpOJep:
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ds18b20_init();

ds18b20_trans(0xCC);// mporyckaemo ineHTU(IKaIiro
ds18b20_trans(0x44);// 3anyckaemo KOHBEPTAIIiFO TeMIEpaTypu
__delay_ms(750);

ds18b20_init();
ds18b20_trans(OXCC); //3H0BY mporryckaemMo imeHTU(IKa I1ito
ds18b20_trans(OXBE);//Ta 3ailicHrOeEMO YHTaHHS pericTpa
[Ticnst woro Mu 3amicyeMo KOHBEPTOBaHy TeMIiepatypy y smiHHy T Ta nepegaemo Ha apyruit MK:
T=receive();
T=T>>4;
TIET<<12;
uart_trans(T);//mepenava nanux

}

Jpyroto 4acTHMHOIO HAIIOTO TPOEKTY OYyJI0 HANMUCAHHS TEKCTY MPOTPaMH JJIs
JPYTOTO MIKpOKOHTPOJIEPA, 10 BUKOHYE (DYHKILIIO OJIepKaHHs TaHuX 3 nepinoro MK
Ta BUBOJUTH OTpHMMaHi gaHi Ha 1-psakoBwmii PKI.

HaBenenuii Hmwk4ye MOAydh MporpaMu 3AIMCHIOE IHIIATI3AIII0 IOPTIB
mikpokoHTposiepa PIC16F884 ta momxyns UART:

#include "MK _init.h"

[l---- OnHC PYHKITTH - - === ====== === === =mm ===

void MK _init(void)

{

/I--HananrryBauHs nopTtis--//

TRISA=0;//nopt, sixuii Mi He BUKOPHCTOBYEMO B JIaHiii poOOTi

TRISB=0; //mopt BuBeneuus in popmairii Ha PKI

TRISC7=1;//8uBin orpuManHs AaHuX 3 Tepinoro MK

TRISD=0b11111000;/*nep1ui 3 BUBOAM MMOPTA HAJAIITOBAHI Ha BUBI, TOMY IO I[i BUBOIH
KepytoTb podororo PKI*/

HactymHauii ¢pparmeHT Koy 3aiicHIOE iHiianizan ito perictpiB moayiass UART:
/------UART----------
TXREG=0;//perictp npuitomy
RCREG=0;//perictp npuiiomy
/l-----SPBRG-----------
SPBRG=25;
/l------TXSTA---------
BRGH=1,
SYNC=0;//acuuxXpoHU pexumM
TX9=0;// poboTa 9-Tu 6ITHOT TOCHIIKA
TXEN=1;//n03B 11 BKIIOYCHHS ITepeaBayda
/------RCSTA---------—-----
RX9=0;//no3B11 poboTu 9-TH OITPHOT TOCUIIKI
CREN=1;//n03B i1 BKIIOUEHHS TIepeaaBaya
SPEN=1;//sxmrouenns moayins UART

¥

[Ticns Hiianizamii Mu 311CHYEMO HaIMCaHHSI Kep yro4oi mporpamu y ¢aiii main.c :



void main(void) {
MK_init(); // gyrxiia miriamizamnii MK
lcd_init(); //dbyrxuin #imianiamii PKI

while(1) {
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/lBuxoHyeMO 3unTyBaHHsI AaHuX 3 nepioro MK, a came nanpyru 3 MCP3001:

U=getch();
/Ita Temmieparypy 3 DS18B20:
T= getch();

[Hactymauii ¢parMeHT 311iiiCHIOE BUBECHHS OTpuMaHuX naHux Ha PKI:

/[manpyra

lcd_str(" U= ");//3aroToBKa /i BUBEACHHS 3HAYECHHS
Icd_pos(3);//BcTanoBiieHHs Kypcopa B 3 TO3HUILIO
sprintf(MAS, "%Xx", U); //BuBencHns caMux JaHUX
Icd_string();

llremmnieparypa

Icd_pos(8); //BcranoBneHHS Kypcopa B 8 ITO3UILI0
lcd_str(" T=");//3aroToBKa I BUBCACHHS 3HAUCHHS
sprintf(MAS, "%X", T); /BuBeacHHS TeMIIepaTypu
Icd_string();

}
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BUCHOBKUA

B mporeci KypcoBOTO MPOEKTYBAHHS PO3TJITHYTO TMPHWHIIMAIU TPOEKTYBAHHS
OpUCTPOiB 1 cucteM, MmO TMOOYIOBaHI 3 BUKOPHCTAaHHAM OJHOKPUCTAIHHUX
MIKpOKOHTpojepiB (ipmu Microchip. I1ig yac BUKOHaHHS NMPOEKTYBaHHS 3/1MCHEHO
3aKpIUICHHS TEOPETHYHUX 3HAHh Ta MPAKTHYHUX HABHYOK TIO peai3allii erariB
MPOEKTYBAHHA. Y3arajlbHEHO TEXHIMHUN Mmarepiai sl (popMyBaHHS OCHOBHOI imei
MPOEKTYBAaHHA. 3AIMCHEHO aHalli3 BXIAHUX JaHUX, OOIPYHTYBaHHS 1 CHUHTE3
CTPYKTYpHOI cxemH. JleTambHO pO3IISIHYTO CKJIQAOBI amapartHoi YacTUHU 1X
MpU3HAYEHHS 1 0cO0MMBOCTI (yHKITIOHYBaHHS. [IpoaHanizoBaHO HJOKyMEHTAIlif0, 1110
omucye podoty ckmanoBux By3diB MKC. Ha ocHOBI IuX JaHWX OMKCaHO Ta
CIIPOEKTOBAHO MPHUHIIMIIOBY CXEMY Ta aJITOPUTM POOOTH.

Jis mobynoBu OJOK-CXeM, aIrOPUTMIB Ta MPUHIUIIOBHX CXEM 3aKPIIJICHO
HAaBUYKH poOOTH 3 mporpamoro sPlan. JIis HamucaHHS 1 BJaroKeHHS MPOrpaMHOTO
3a0e3MeueHHs] BUKOPUCTaHO cepenoBuie po3pooku MPLAB 8.92. 'V upomy
CEpEIOBHILI CTBOPEHO MPOEKT, HAIMCAHO TEKCT MPOTpaMu 3 BUKOPHUCTaHHAM MOBH C,
1 3aiicHeHo  komnusinito 'y  hex-¢aitn. CepemoBuiie  po3poOKH  MOXe
BUKOPHCTOBYBATUCH Pa30M 3 MPOrpamMaTopaMH JIJisl 3aIUCy TOTOBOTO BUXITHOTO KOy
MPOIIMBKY y TIaM'SITh IPOTrPaMK BUOPAHOTO MIKPOKOHTpOJIEpa.

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

[IpoBeneHo iHiiami3aIlit0 MIKpOKOHTPOJIEpa, HOro By3JIiB Ta MO TYIIB.

Jlna 3a0e3nedeHHss poOOTH nepudepiiHUX MPUCTPOIB 3AIMCHEHO KEpYyBaHHS,
OpuiioM Ta mepefada JaHWX 3 MPHUCTPOIB BBEAEHHS Ta JO MPUCTPOIB BUBEICHHS
3TIIHO BaplaHTYy.

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

KypcoBuii mpoekT mMoxke OyTH OCHOBOIO PO3POOKH KEPYHOUOi CUCTEMH 300Dy
JTAHUX YU CUCTEMH KEPYBaHHS Ta KOHTPOJIIO 32 BUKOHAHHSIM 3aB/IaHb.
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