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4.2 OyHKIII NPUCTPOIO BBEICHHSA IH(POpMALlii: . 1aBayl TeMieparypu, 1-a
iH(popMariiiHa TiHII

4.4 BuxopuctoByBaHi MikpokoHTpojepu: PIC16F689, PIC16F884 ..

4.5 Tlporokous oOmiHy HPopmaiiero: UART.

4.6 Ilpuctpiit BuBeneHHs idpopmartii: PKI, 2 paaxu
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5.2 brnok-cxema anroputmy podotn MKC

5.3 CkpuHIIOT poboTH npoekTy y nmporpami PROTEUS



6. Cxiag po3paxyHKOBO — TMOSICHIOBAJIBHOI 3anucKu (mepesiik NUTaHb 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, MPUHITUI pOOOTH, 0COOIMBOC TI IEpUQPEPIMHUX TPHUCTPOIB
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 3a0e31medeHHs
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

Kanenpapuuii nian

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

( manuc ) (IMs1 Ta TIP13BULLE )



PED®EPAT

TekcToBa yacTUHA KYpCOBOTO MPOEKTY: 34 CTOPiHOK, 18 puCyHKIB, 3 TaOmuIlh Ta
{ IOCHWJIaHb.

OG0’ exT mpoekTyBaHHS - “CHucTeMa MOHITOPUHTY TeMIeparypu’.

Mera npoekTy - JOBEpIIMTH CBOi HAaBUKHU y PO3pOOLI CTPYKTYpPHOI CXEMH,
enekTpuuHoi npuHIUNoBoi cxemMu MKC, cTBOpeHHA NPOEKTy 3 BHUKOPUCTAHHSAM
nporpamu  PROTEUS, po3pobui IroOpuT™My (byHKmOHyBaHH;I MKC, a Takox
HaIMCaHHs KEPYUOol MpOTpaMH Jist MIKpOKOHTpOJIEpIB. 3aKpIMUTH TEOPETUUHI 3HAHHS
3 OCHOBHUX MOHSTH TUCUUILTIHU “MIKpokoHTpojepu Ta ix 1.

PesynbTar pob0TH HaJl KypCOBUM MPOEKTOM MOKA3aB, 10 3aBAsKHM BUKOPUCTAHHIO
IBOX TMPOCTHUX MIKPOKOHTPOJIEPIB Ta MOAYJS PEATbHOrO0 Yacy MOXKHA CTBOPUTHU

MTOBHOIIIHHY CHCTEMY MOHITOPHHTY TEMIIEpaTypH.
MK, DS18B20, UART, 2-psakoswuii PKI, SPLAN, MPLAB IDE.



HEPEJIIK YMOBHHUX ITIO3HAYEHD

AT Amnanoro-uudpoBi nepeTBoproBaui

BIC Benuki iHTErpanbHi cXeMu

I3 ['mobanbHa 3a1aua

I'TI ['eHepaTop TaKTOBHX IMITYJILCIB

33 3arajibHa 3a7a4a

3MII 3anaui Manoi po3MIpHOCTI

MK MikpoKoHTpoJep

MKII MIKpOKOHTPOJIEpHI IPUCTPOI

MKC MIKpOKOHTpOJIEpHA CXeMa

H3 HaitnpocTimri 3amgaqi

OMK OHOKpHUCTATBHI MIKPOKOHTPOJICPH
I13I1 [TocTiitHMIT 3amaM’ ITOBYFOUUH MPHUCTPIN
LATT [{udhpoananorosi mepeTBoproBadi

LT LleHTpamsHAMA MPOTIECOPHUI TPUCTPIHA
M [[InpoTHO-IMITYJIbCHA MOTYJISITIS

12C Inter-Integrated Circuit (MikiHTerpasibHa cxeMa)

SPI Serial Peripheral Interface (ITocninoBuuit nepudepiiauii iHTEpEic)
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BCTYII

Tunosumu npenctaBuukamu RISC-nporiecopis € PIC-xoutponepu (Periferial
Interface Controller — xonTposepu nepudepiitaux iHTEpdeiiciB) BUpOOHUITBA (BipMU
MicroChip.

PIC-xoHTpoOJiepr 3aCTOCOBYIOTHCSI Y CHUCTEMaX BHCOKOIIBUIKICHOTO KepyBaHHS
ABTOMOOUTbHUMH 1 CIICKTPUYHUMH JIBHT'YHAMH, TpHJIaax MOOYTOBOI EJICKTPOHIKH,
TeneoHHUX MpucTaBkax 3 ABH, cuctemax 0oXOpoHM 13 CHOBILIEHHAM IO TeNePOHHIN
nHi, MHIFATC. OxkpeMi BuMIpIOBaJIbHI 1H(POpPMAILiHI CUCTEMHU BIIPIBHAIOTHCS
pospsnnicTio [1311(rmocTiitHO 3amam’ ITOBYIOUOTO MPHUCTPOIO): Bim 12 mo 14 61t q1s cepii
PIC16Cxx, 16 61t — nys cepii PIC17Cxx.

3aBAsSKM CKOpOUYEHIA KUIbKOCTI KoMaHA (B 33 no 35) yci komMaHAH 3aiiMaioTh y
nam’siTi OJHe cI0BO. Yac BHKOHAHHS KOKHOI KOMAaHIH, KpIM KOMaHJ pO3Taly KEeHHS,
CTAHOBUTH YOTHUPHU TakTH — onuH UK (200 He Ha wacTtoTi 20 MI1M). OneparuBHwMiA
3arnamM’ ITOBYBAIbHUIM TPUCTPI BUKOHAHO 32 CXEMOIO 3 JIOBUIbHOIO BHOIPKOIO 3
MOKJIMBICTIO 0€3T0CePEeIHBOI aipecallii y Kol KOMaHI1 A0 OyAb-SKOi KOMIPKH.

Crek peanizoBaHO amapaTHO 3 riauOuHOIO 2, 8 abo 16 xoMipok. Maiibxke B ycix
PIC-xoHTpoJepax € cuctema nepepuBaHb, IKEPEIoM SIKUX MOXKe OyTH TailMep, a TaKoX
3MIHa CTaHIB CHUTHaIIB Ha Jeskux Bxonax. Y PIC-koHTponepax mepenbaueHuit Oir
zaxucty [1311, 1m0 3amob6irae HeneraabHOMY KOIIFOBAHHIO.

Bemuki interpanbhi cxemu PIC16Cxx marots BOyaoBaui [1311 emnicTio Bix 0,5 10
4 xinocniBs 1 O3Il(oneparuBHO-3amaM’ATOBYIOUMI MPUCTPiA) e€MHICTIO 32-256 Oaiir.
OcHoBHa YacTHHA KOHTPOJEpIB Mae ofgHOKpaTtHO mporpamoBanuil 11311, oxHak nesxi
koHTposepu MictaATh B3Il 3 ynbTpadioneroBum ctupanusM, a PIC 16C84 wmictuth
nam’ siTb Iporpam 1 mam’siTe AaHux Ha 0a31 [1311 3 enekTpuuHUM CTUPaHHSIM.

KpiMm Toro, koHTpojiepu MaroTh BT OJHOTO 10 TPHOX TaiiMepiB, BOymTOBaHYy
cucteMy ckujanusi, watchdog taiimep, BHYTpIIIHIA TaKTOBUN T€HEPATOP, SAKUN MOXKE
3almycKaTuCsl K BiJ KBapIlOBOTO pe3oHaTopa, Tak i1 Big RC-maHiora y mmpokomy
nianma3zoni yactoT — 0-25 MI'u. KinbkicTs po3psaniB mopTiB — 12-33. Koxxawmii po3psia
MOPTY MO>KHA 3aIpOTpaMyBaTy Ha BBEIEHHS a00 HA BUBE/ICHHSI.

Konmponep PIC16C64 nomatkoBo Mmae Buxin 3 IIIM, 3a momomororw sikoro
MokHa peanidyBatu [IAIl 3 pospsimHicTIO 70 16 po3psiiiB, a TaKOX MOCHIIOBHUMA
ABOHANpsIMIIEHUH cuHxpoHHUi nopT 3 iHTepdericamu SPL, [2C, SCI/UART. PIC 16C71
i1 PIC 16C74 wmatore BHyTpimmHIA 8-po3psguuii ALl 13 mpuctpoem
BUOUpaHH/30epiraHHs 1 BXITHUM aHaJIOTOBUM MYJIbTUILUIEKCOPOM.



1 PO3POBKA CTPYKTYPHOI CXEMHU MKC
1.1 AnaJji3 3aBaaHHsI Ta CHHTe3 cTPYKTYpHOI cxemu MKC

IIpu npoekTtyBaHH1 MikpokoHTpoJsiepHUX NpucTpoiB (MKII) abo cuctem (MKC)
MO’KHa BHUKOPHCTOBYBAaTH OJIOKOBO-IEpAPXIYHHM IMAXIA, NMPHU SKOMY YSBIECHHS IIPO
MKII a6o MKC, mo mHpoeKTyIOThCSA, PO3WICHOBYIOTHCS Ha i€papxidyHi piBHI. Ha
BUILOMY DPIBHI BUKOPUCTOBYETHCS HAWMEHII JETAI30BaHE YSBICHHS, 10 BlIOOpaxae
JIMILE TUIBKH 3arajibHl pUCHU 1 0COOJIMBOCTI CUCTEMH, IO MPOEKTYyeTheA. Ha HacTynHux
PIBHSAX CTYIIHB MOJPOOHIs PO3TIITY 3pOCTaE, MPH IILOMY CHCTEMa PO3TIIIAETHCS HE
3arajjoM, a OKpeMHUMH OJsiokamu. Takuii miaxim J03BOJISIE HA KOXXHOMY PIBHI
dbopMymoBaTH 1 BUpPINIyBaTH 3a7adi JOMYCTUMOI CKJIQIHOCTI, IO MIIJAI0ThCS
YCBIIOMJICHHIO ¥ PO3YMIHHIO JIIOJJUHOIO Ta PIMIEHHIO 3a JOMOMOTOK JOCTYITHUX
3aco0iB. [lepeBaru Takoro miaxoAy MOJSTarOTh B TOMY, IO CKJIAJHA 3a7ada BEJIUKOI
PO3MIPHOCTI PO3OMBAETHCS HA TPYNU 3aMad Majoi PO3MIPHOCTI, SIKI TMOCTIAOBHO
BUPINIYIOTbCSA, MPUYOMY BCEpEIMHI TPyl PIBHI 3aJadl MOXYTb BHUPIIIYBATUCS
napasieibHoO.

CtpykTypHa cxema — IIe CXeMa, sika BH3Hauae OCHOBHI ()yHKITIOHAJIbHI YaCTUHU
BUpOOy, iX B3aeMO3B'i3kM Ta mpw3HaueHHd. [lin QyHKIIOHAIPHOI YaCTHHOIO
PO3YMIIOTh CKJIQZIOBY YaCTUHY CXEMH: €IEMEHT, NPUCTPid, (PYHKIIOHAIbHY TCpyILy,
(GyHKIIOHATIBHY JIAaHKY.

CtpykTypHa cxema MNpu3HaYeHa s BlI[06pa)KCHHH 3arajbHOl CprKTypH
OPUCTPOI0, TOOTO MOro OCHOBHUX OJIOKIB, BY3JIiB, YaCTUH Ta T'OJIOBHHUX 3B'A3KIB MDK
HUMH. [3 CTPYKTYypHOI CXeMH TOBHHHO OYTH 3pO3yMil0, HaBil0 MOTPIOHWN maHU
INPUCTPIA 1 SIK BIH MpaIlO€ B OCHOBHUX pPEXHMax pPOOOTH, K B3aEMOAIIOTH HOTO
yacTUHU. [lo3HAUYEHHS €NEMEHTIB CTPYKTYPHOI CXEMH MOXXYTh OOHMpaTHCh JOBUIBLHO,
X04a 3arajibHOMPUUHATUX MPaBUJI BUKOHAHHS CXEM CIIT JOTPUMYBATHCh.

OOG’€eKTOM JOCHIIKEHHS JTaHOTO KypCOBOTO MpOeKTy € CucteMa MOHITOPHUHIY
TEMIIEpaTypH, 10 Mpaioe Ha OHOB1 2 MikpokoHTposepax PIC16F689, PIC16F 884.

Po6oTa npunany 3abe3nedyeTnsest ABoMa nndpoBuMu TepmoaaBadamu DS 18B20.

Bugig iHbopmarlii 311iICHIOBATUMETHCS Ye€pe3 IBOPSAKOBUIN PIIKOKPUCTATIIHUIMA
IHMKATOP, 1110 IOKa3yBaTUME IHJIUKALIIO.

VYci npunaau 1aHoro npoeKTy 3’ €IHYI0Thes 3a mpoTokojom UART.

CrpykrypHa cxema MKC nms CucteMu MOHITOPHHTY TeMIIEpaTypyd BH3HAYA€E
OCHOBHI (DYHKIIIOHAIbH1 YaCTUHU BUPOOY Ta 3a3HayeHa Ha PUCYHKY 1.1.

[lepmmii 60K JaHOi CXEMHU BIINOBINAE 3a 34uuTyBaHHS HpopMali. B
MOAAJILIIOMY, HAlll JaH1 MICJs 3YUTYBaHHSA MPONIYTh Uepe3 JiBa MIKPOKOHTpOJEpa Mo
npotokosry UART.

VY npyromy 6011 cxemu CUCTEMH MOHITOPUHTY TEMIIEpaTypu 300paxkeHo rpadaHuii
BUBIY HPopMauii, o Oyae matu HactynHuid Burisia: T1 =+/- 21C; T2 =+/- 25C.



DS18B20

PIC16F689

DS18B20

PIC16F884 PKI, 2 paakn

Pucynok 1.1 - CtpykTypHa cXemMa CUCTEMH MOHITOPUHTY TeMIIepaTypu
1.2 Bu6ip MikpokoHTpoJiepiB Ta aHali3 iX mapaMeTpiB

B ocranHi poku Tmipu po3poOlll CUCTEM KepyBaHHS Bce OUlbllle YyBaru
NPUALILETHCA MIKPOKOHTpOJIEpHI TexHill Lle moB'si3ano 3 i OypXJIMBUM PO3BUTKOM 1
IMAPOKAM aCOPTUMEHTOM MPOTIOHOBAHOI MPOAYKIIii. BUKOpHCTaHHS MIKPOKOHTPOJIEPIB
JI03BOJISIE KOHCTPYIOBAaTH TPUCTPOi 3 HEBEIMKUMHU TrabapuTamu, 0 € BIUIHOCHO
JCMIEBUMH, MPOCTUMHU 1 HATIMHUMU, CYMICHUMH 3 TMEPCOHAILHUM KOMIT IOTEPOM Yepe3
CTaHJapTHI IHTEepPercH.

OcHoBHa MeTa TIpW BHOOPI MIKPOKOHTpOJepa - 00paTh MIKPOKOHTPOJEp 3
MIHIMAJbHOKO I[IHOIO, ajJe B TOMW >K€ Yac BIH IIOBUHEH BIIIOBIIaTH BHMOTIaM
MPOIYKTUBHOCTI, HAIITHOCTI, yMOBaM 3aCTOCYBaHHs, TOLIO.

HactynHuii kpok mnpu BHOOpPI MIKPOKOHTpOJIEpa — TMOLIYK MOAENEH, sKI
3a/I0BOJIbHSIOTh CHCTEMHHM BHMOTaM. BiH Bkjrouae mimOip JIiTepaTrypH, TEXHITHHX
OTUCIB 1 TEXHIYHUX KOMEPIIMHUX KYpPHAJIIB, @ TaKOXX JIEMOHCTpAIliiHI KOHCY/bTAIIIi.
OcTanHHs cTajlisi BUOOPY CKIIAA€ThCA 3 KUIbKOX €TalliB, METa SIKMX - 3BY3UTH CIHCOK
MPUHHATHUX MIKPOKOHTpOJIEpiB 10 oxHoro. LI eranu BKiItouaroTh B cebe aHANI3 I[iHH,
JOCTYITHOCTI, 3aCO0IB pO3POOKH, MATPUMKHA BHUPOOHWKA, CTaOUILHOCTI Ta HAsSBHOCTI
HIIMX BUPOOHUKIB. [IpoBeNeHHsI CUCTEMHOI0 aHali3y MPOEKTY J03BOJIIE BU3HAYUTH
BUMOTH JIO MIKpOKOHTpOJIepa:

® PO3PSAHICTH OOUKCITIOBAILHOTO SPA;

e Halip BOynoBaHux nepudepiitnux npuctpois (taiimepu, ALII Tomro...);

e amapartHa opraHBaiis oOpoOKM maHuX (CTPYKTypa MAIIMHHOTO IHKIY,
cmiBBiqHOMICHAS TakTiB ['T1 1 MAaIMHHUX MUKITIB);

® MOXJIMBICTH POOOTH IO TIEPEPUBAHHIO, 332 30BHINIHIMH CHTHAJaMH TOTOBHOCTI
a00 Mo KOMaHJ1aM JIIOAWHH;

® KUIbKICTh KEpOBaHMX TIOPTIB BBEJACHHSI/BUBOJY, XapakTep mepenayl -
Oaiit abo Ofr, MporpaMHe HANAIITYBaHHS HANpPSMKY Nepeaaui,
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® TUIl TIPUCTPOIB BBEICHHS/BUBOAY, SIKUMU TIOBUHEH KEPYyBaTH OOUPAIOTH MIKPO -

KOHTpOJIEp B TNPOEKTOBaHIM cucTteMi (TepMIHAIM, BUMHUKAui, peye, KIIaBIIIi,

naBavi, IUGPOBI MPUCTPOi BBBYAIbHOI IHAWKAIi, aHATOro-IMdpoBl ¥ 1UppPO-

aHAJIOTOB1 IEPETBOPIOBAY1, MOTYJIATOPH TOIIIO);

® TIITPUMYBaH1 CIIOCOOU 3aBAaHTAKEHHS MPOTPaM B MIKPOKOHTPOJIEP, -MOKIUBICTb
BHYTPIIHbOCUCTEMHOTO TiporpamyBanHs (ISP), BukopucTanHs npu IHOMY
ctanaaptm3oBanux iHTepdetici (SPI, 12C);

® KUIBKICTh 1 THI HANpYTH KUBJICHHS;

e MajorabapHTHI Ta €CTETUYHI OOMEKCHHS;

® YMOBH HAaBKOJIMIITHHOTO CEPETOBUINA, HEOOXITHI AT €KCIUTyaTallii.

Mikpoxoutposepu PIC16F689 ta PIC16F884 matoTh pexxumu eHepro3oepexeHHs
1 MOKJTUBICTb 3aXUCTY KOJIy IPOTPaMH.

VY MmikpokoHTposiiepu BOymoBaHMiA cTopokoBui Taiitmep WDT, sikuit moxe Oytu
BUMKHCHHUW TUIBKM B Oirax KoH}Irypamii MIKpoKOHTpoJsiepa. Jlms miaBUICHAS
Ha/A1HOCTI cTopoxkoBui Taiimep WDT mae Bnacuuit RC reneparop.

JlonarkoBUX  7Ba  TalilMepa BUKOHYIOTh  3aTpUMKy  CTapTy  poOOTH
MIKpOKOHTpojepa. [lepmmii, Taiimep 3amycky reneparopa (OST), yrpumye
MIKpOKOHTpPOJIEp B CTaHI CKWJAHHS, TOKH HE CTa0UIBYETHCS YacTOTa TaKTOBOTO
reHeparopa. [pyruii, Ttaiimep BkmtoueHHs xuBieHHa (PWRT), cnopampsoBye micis
BKJIIOYCHHS JKUBJICHHS 1 YTPUMY€E MIKPOKOHTPOJIEp B CTaHI1 CKHJIaHHS MPOTITOM 72McC
(TUTIOBE 3HAUEHHS ), TOKW HE CTAOUTI3Y€EThCS HAMpyTa KUBJICHHS. Y OUIBIIOCTI JOJATKIB
1l PyHKILii MIKpOKOHTpOJIEpa I03BOJISIIOTh BUKITIOUUTH 30BHIIIHT CXEMHU CKUIAHHS.

Pexum SLEEP NP U3HAYEHUN JJIST 3a0e31eyeHHs HaJHU3bKOTO
€HEeproclokuBaHHA. MIKpOKOHTpoJiep Moke BuUlTH 3 pexumy SLEEP mno curnamy
30BHIIIHBOTO CKUJAHHSI, TI0 TIEPETIOBHEHHIO CTOPOKOBOr0 Taiimepa abo Mpy BUHUKHEHH1
niepepuBaHb.

Bubip pexuMy poOOTH TaKTOBOTO TeHEparopa J03BOJISIE BUKOPHCTOBYBATH
MIKPOKOHTpPOJIEpU B pBBHUX AojaTkax. Pexxum takroBoro reneparopa RC nozBosie
3MEHIIMTU BapTICTh MPUCTPOI0, a pexuM LP 3HM3UTH eHeprocmnokuBaHHA. bitu
KOH(Irypamii MIKpOKOHTpOJepa BHUKOPHUCTOBYIOTHCS JJIi BKa3IBKH PEKUMY HOTO
poOOTH.

1.3 Onuc nepudepiiiHUX NPUCTPOIB Ta po6OTA 3 HUMHU

1.3.1 JaBay remnepatypu DS18B20

udposuii TepmonaBay dipmu DALLAS-MAXIMDS18B20 - ue uudposwuii
BHMIPIOBAY TEMIIEpaTypH, 3 MEepeTBOPEHHAM 9 - 12 po3psaiB 1 GYHKIIIEI0 TPHUBOKHOTO
CUTHAJTy KOHTPOJIO 3a Temmeparyporo. Ilapamerpu KOHTpoJIO MOXKYTh OyTH 3aJaHi
KOpUCTYBaueM 1 30epexeHl B €HeproHe3alexHii mnam'sati pgaBada. DSI18B20
OOMIHIOETbCA JaHUMHM 3 MIKPOKOHTPOJIEPOM OJHONPOBIAHOKO JIHIEO  3B'SI3KY,
BUKOPHCTOBYIOUH MPOTOKOJ iHTepdeiicy 1-Wire. JliamazoHn BUMIpIOBaHHS TeMIIEpaTypH
cTaHOBHTH Bim -55 go +125 ° C.Jlna mianmazony Big -10 go +85 °© C moxubOka He
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nepepuirye 0,5 © C. YV koxHoi mikpocxemu DS18B20 € yHikanbHHWI CepiiHUN KO
TOBXKUHOIO 64 pO3psAnH, KU J03BOJISIE ACKUTLKOM JaBadaM MIIKII0YaTHCS Ha OJHY
3arajbHy JIHIIO 3B'si3Ky. ToOTo dYepe3 OAMH TOPT MIKPOKOHTpOJIEpa MOKHA
OOMIHIOBATUCS JaHUMHU 3 JIEKUIbKOMa JaBadyaMu, PO3JIUICHUMM Ha 3HAYHIM BIICTaHL
30BHILIHINA BUTJISI 1 TPU3HAYEHHS BUBO/IIB HAaBEEH1 y ONKC1 BUPOOHHUKA.

Ha pucynky 1.2 nHaBemena Onok-cxema natumka DS18B20. 64-Oirnuit I1311
(ROM) 36¢epirae yHIKanpbHUHN CEPITHUI KO MPUCTPOIO.

PucyHok 1. Bnok-cxema DS18B20

Weu
4 TK CXEMA JIOTTIIRA
MAPAZWTHOMO NUAHWA st VIIPABRTEHHA DS 1 8 Bz U
TEANMATRIO
= + P
DQ €7 v
A 4—' OATUMK TEMMEPATYPLI |
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BHYTF. VDD > o BEPXHWW NOPOT (T,
T & .'l PETMCTP (EEPROM)
GND J_ o MAMATE =
g (SCRATCHPAD) HVBHHMA NMOPOT (T.)
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ZP' OATYUMK ""I FEmCTTEE';%a?PALH“ |
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Pucynok 1.2- brok-cxema DS18B20

OcnoBHa ¢yskiis DS18B20 - nepeTBopeHHs Temreparypu JaBada B IUGPOBHIA
koJ. IIpy BKITIOUEHHI JKUBJICHHS, CTaH pericTpa KoH(Irypailii BCTAHOBIIOEThCS Ha 12
oir. [llo0 HifoBaTH BUMIPIOBAHHS TEMIEPATypU MIKPOKOHTPOJEP MOBUHEH MOJATH
KOMaHay TepeTBOpeHHs Temrieparypu [44h]. Ilicms 3aBepuieHHS TEpETBOPCHHS,
pe3yJbTaT BUMIPIOBAHHS TeMIlepaTypu Oyae 3HaXOAUTHCS B 2 OalTax pericTpa
TeMIIepaTypH, 1 1aBad 3HOBY mepeiiie B cTan crnokor. DS18B20 Bumiproe Temneparypy
B Ipaaycax 3a mkanoro llenbcisa. Pe3ynbTar BUMIpIOBaHHS NPEACTaBISIETHCS K 16-
pO3psiAHE, 3HAKOBE YHCJIO B JOAAaTKOBOMY Kol bit 3naka (S) mopiBHroE «0» ms
JTIOAATHIX uyurcell 1 « 1» U1t Bi €EMHUX.

OnepaTuBHA MMaM ‘SITh MITUTh :

® 3HauEHHs BUMIPSIHOI Temreparypu (2 OGaiita);

® BEpXHII 1 HWKHII NOPOroBl 3HAUEHHS CIIpaLfOBaHHs curHairy TpuBoru (Th,
TI);

e pericTp KoH}Iryparmii (1 OaiT);

e reHeparop 8-6itHoi CRC.

Opranizaris nam'sti DS18B20 nokazana Ha pucyHky 1.3. Bona Bkitouae B cebe
onepatuBHy (SRAM) 1 enepronesanexny (EEPROM) mnam'ste. ¥ EEPROM
36epiratothest perictpu Th, Tl 1 perictp xoudiryparii. Skmo ¢yHKIS TPUBOKHOTO
CHUTHaJIy HE BUKOPHCTOBYETHCS, TO perictpu Th 1 T1 MOXyTh BUKOPUCTOBYBATHCS SIK
pericTpH 3arajibHOTO MPHU3HAY CHHSL.
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Pucynoxk 1.3 - Kaprta mam‘siti DS18B20

baiitr 4 nmam'ati ue perictp koHpirypauii. biramu RO, R1 mMoxHa BcTaHOBUTH
PO3IIMPEHHS I TIEPETBOPEHHS Temneparypu. [Ipyu BKIOYEHH] KUBIICHHS CTaH OITIB
RO, R1 = 11, mo BinmoBinae po3mmpento B 12 6ir. Tpeba mam'sitath, 110 ICHYE TIpsMa
3JICKHICTh Yacy MEPETBOPEHHS Bl po3UIbHOIT 30aTHOCTL bitn 7 10 — 4 3ape3epBoBaHi,
BOHHU HE MOXKYTh BUKOPUCTOBYBATHUCH 1 MPU YMTAHHI TOBEPTAIOTH 1.

Tabmuus 1.1 - Koau koHIrypyBaHHS pO3IIHPEHHS [IEPETBOPEHHS TeMIIepaTypH

R1 RO Poszmmpenns Yac nepeTBopeHHS
0 0 9-6ir 93.75Mc¢ (teon/8)
0 1 10-61r 187. 5mc (teon/4)
1 0 11-61r 375Mc¢ (teonv/2)
1 1 12-61r 750Mc¢ (teony)

VY Tabmumi 1.1 moka3aHi MPUKIAAX BIAMOBITHOCTI MU(PPOBUX KOIB 3HAYCHHSIM
TEMIEpPaTypH.
Jlia 004KCIIeHHs TeMIIepaTypy HEOOXiTHO:
e [pu J0JaTHROMY 3HaueHHI (S = 0) Koa TepeBeCTd B JECSITKOBUHU 1
nmoMHokutH Ha 0,0625 ° C;
e 1Ipu Big'eMHOMY 3HadeHHI (S = 1) - mepeBecT 00epHEHU KO B TPSMHIA.
Jlna uporo Tpeba iHBEpPTYBATH KOXKEH PO3psia ABIMKOBOro Koay 1 foaaru 1.

A TOTIM nIepeBecTH B JeCATKOBUM 1 moMHOkUTH Ha 0,0625 ° C.

[Tam'sTe BkIIOUae B cede omeparuBHy (SRAM) 1 enepronesanexxny (EEPROM)
nam'site. Y EEPROM 36epiratotecst perictpu TH, TL 1 perictp xondiryparti. Skmo
(YHKIIISI TPUBOXKHOTO CHUTHAIy HE BUKOPUCTOBYeThcs, TO perictpu TH 1 TL MoxyTh
BUKOPHCTOBYBATUCS SIK PETICTPU 3arajIbHOTO MPU3HAYECHHS.

B Gaiitax 3 anpecamu 0 1 1 30epiraroThCsi MOJIOAIINMN 1 CTapIIUii OalTH pericTpa
BUMIpsTHOI Temnieparypu. L{i 6aliTi TOCTymHI TUTbKY JJ1s YnTaHHs. 2i 1 31 Oavitu - TH 1
TL perictpu. 4 Baiit - perictp koHdirypaii. baittu 5, 6, 7 3ape3epBoBaHi, HE MOXKYTb
OyTu 3amucadl 1, IpY YUTaHHI, 3aBXJIHU MOBEpPTat0oTh 1. 8 BalT MOCTYNHI TUIbKU JJIst
yutanHsa. Bin Mictuts mukmiaaui ko1 (CRC) a1 mepmmx BOChbMH OaMTIB.
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3anuc naHux B Oaiftax 2, 3 14 BinOyBaeThCsl KOMaHI010 3anucy nam’ati [4Eh].
JlaH1 MOBWHHI TIepeaaBaTrCs, MOYWHAOYM 3 MOJIOAMOro Oira Oairta 2. [y mepeBipku
3amuCy JaHUX MOYHA MPOYMUTATH TaM siTh KOMaH 1010 ynTaHHs 1mam’ siTi [kox BEh]. Tlpwu
YUTaHH1 JIaH1 TIEPEIAt0ThCS O IIHMHI, B TOCIIOBHOCTI MMOYHUHAIOYH 3 MOJIOAIIOTO OiTa
Oaitra 0. 3anuc [anmx TH, TL 1 perictpa xoHdirypauii B EEPROM BinOyBaeThcs
komaHm0r0 [48h]. [Ipu BKIIOYEHHI >KMBJIEHHSA AaHi 3 He3ainekHoi mam'sti EEPROM
MePEBaHTAXYIOThCS B omnepatuBHIM mam'sTi (SRAM). Benyuwmit mpucTpiii moBUHEH
KOHTPOJIIOBATH CTaH IIMHU, MO0 BU3HAYUTH 3aBEpIICHHS Mepe3aBaHTaxeHHS. CloT
YUTAaHHS HU3BKOI'O PIBHS O3HAYae€, 10 IMEPE3aBAHTAXEHHS IIE HE 3aKHYWIOCh. [lo
3aBepuIeHHIO niepe3aBaHTaxkeHHsa DS 18B20 nepenae cinot ynTaHHs.

1.3.2 PinkoxkpucrtanivHi aiaaBiTHO-CUMBO/IbHI iHINKATOPH

PKI 13 3HaKOCHHTE3yIHOUYMM KOHTPOJICPOM HYacTO BHUKOPHUCTOBYIOTHCS TIPH
MIPOEKTYBAaHHI IM(PPOBUX MPUCTPOIB.

PK - naHens BL+
Illllil[”ll BL-
—t— Vo
o1 Opaiisepn VCC
KoHnTponep GND
) ) )
8 _L
V

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

OcnoBoto PKI € marpuns 3 piikux KpHUCTaliB, MOJIal0uM HANPYTy Ha €JIeMEHTH
AKOI MO’KHA "3acBITUTH" KpanKy Ha €KpaHi. MaTpuus CKIagaeTbcs 13 3HAKOMICIb
(maftyacTime  5*8 mikcemniB), 3TpYNOBaHUX Yy KuUTbKa psaakiB. L{um kepye BOymoBaHuit
kontponep PKI. Bin kepye mikcemsimu PK — mgucruieto 1 iHTEepdEiCHOIO YaCTHUHOIO
HJIUKATOPY.

PinkokpucTanuHi 3HAKOLIM(PPOBI TadJI0 HaJIe)KaTh 110 HAMOUIBII
PO3MOBCIOHKEHUX TUMIB 1HAuKaropiB. Ll iHamkatopu OyBaroTh 1,2,4 cTplUKOBAMH. Y
ctpiuui &, 12, 16, 20, 24, 40 cuMBOJIB, KOXKHUI 3 IKUX (HOpMY€EThCs pudToM popmary
5*8 abo 5*11 mikcenis.

3aBAaHHs MIIKIIOYEHHS 3BOJMTLCS JIO OpraHBaui OOMIHYy [JaHMMH MDK
MIKpOKOHTPOJIEpOM Ta BOYZOBaHUM KOHTpojepoM. Hikde mokazaHi MPUKIAT CXEMH
MIKIFOYEHHS 111 BOCBMHOITHOTO 1HTEpdeEicCy.
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Pucynok 1.5 - Cxema cripsizkennst MK 3 PKI

[arepdeiic mae BiciM Hpopmauninux niHiii: DB7.DB0 1 Tpu kepytouux: RS,
R/W, E. Jlinia RS Bm3Hauae no skoro perictpy kontpolsiepa PKI mMu mparaemo
3BEpPHYTHUCS, TOOTO sKy iH(MOpMaII0 MU TiepeaeMo - naHi abo komannu. JliHis R/W
BH3Haua€e HampsMOK Tiepenadi manux - 3anuc y PKI a6o yurtanns 3 PKI. JliHig E
BKJIFOYA€E (KOJIM Ha JIiHIi BUCOKHM piBEHb) a00 BUKIIIOUAE (KOJIM HA JIH1I HU3BKUI PIBEHB )
nepenady iHpopwmari, chopMoBaHOi Ha IHImMX IHTepdehcHux mniHiIX. OCHOBHI
napaMeTpy HaBeICHI y TeXHIUHIN JiTeparypi.

[nimianizamis  PKI  monsirae B mepemadl  AEKUIBKOX KOMaHi Yy TEBHIN
nocmgoBHOCTL. KUIbKICTP KOMaHI IHINIaIBalii MOXKE BIIPBHIATHCA B PIBHUX
KoHTpoJepiB. [lix vac iHimianizaIi kpamie He aHanyBaTu nparnopens BUSY, a yekatu
BU3HAUEHUM 4Yac T1iepea TOCWIKOI HACTYIHOI KOMaHAHM, TOMY IO Mparopelpb
BCTaHOBJIIOETHCSI HE BiApa3y, a IMICJsA MEBHOI KOMaHAM (AuB. marammr). [HiMiaaBaiis
PKI BUKOHYETBCS aHAJIOTTYHO SIK JJIs1 TAPAJIEIbHOTO HTEp(PeNcy MIKIOYEHHS TaK 1 JJIsl
nocaigoBHoro (minkmoudenHs PKI mo 12C gu SPI).

Pi3auis Mok 8-01rHUM Ta 4-01THUM 1HTEpPericoM MOJsTae JUilie B TOMY, 1110 TIPU
4-01TH1M TIepeaayl JaHuX HeoOX1MHO nojaBatu curHaimu RS, R/W sk 11 Mosioimoi Tak
1 17151 ctapiuoi Terpanu. Komanau iHinianiauii podotu PKI 3anmiaroTbcs 0 JHaKOBUMMU.

VY PKI € 2 Bunu nam'sti: DDRAM, CGRAM (CGROM). DDRAM - display data
RAM (mam'sath nmcruies) - Te, MO 3amucaHe B Iid maMm'saTi,  OE3MoCcepeaHbo
BiloOpaxkaeTbcst Ha jaucruiei. Ll mam'siTb Mae HAcTymHMN agpecHUid mOpocTip 1
BINOBIAHE BiI0OpakeHHs Ha auctuiei ( auB. Tabsmug 1.5 ):

Tobto, Te, mo 3ammcane B DDRAM 3a aapecoro, Hampukiam, 42h, Oyme
BiTOOpakaTHCs B TpeTid  TO3WINI  HA  JPyroMy  PSAKYy  JIUCTUIES.

CGRAM (CGROM) - character generator RAM (ROM) - mam'sTh
3HakoreHeparopa. Ilam'ste 3HaKoreneparopa posznivieHa Ha CGRAM - noctynHa 1js
3aIUCy/dUTaHHS, CFOM MOJKHA 3a7UTH 8 ¢BOiX BiacHUX cuMBoJIB 1 CGROM - noctymHa
TUTBKH JJIST YUTAHHS.
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Tabmug 1.2 - Crpykrypa PKI-gucnnero

[lepumii psioox

TTo3mm

Aa

omop| L] 2] 3| 4|56 7|8]9]0]|11|12]|13| 14|15/ 16
DORA

Maddr | ooh | ozn | 92 | 03 | 04 1 05 1 06 1 o7 b g | 09 1 gan | OB | och | oph | 0ER | OFN
a hlh!|h!|h|nh h h

JApyruii panox

[To3umi

Aa

omop| L] 2] 3| 4|56 78] 9]0]|11|12]|13|14]|15] 16
y

DDRA

M | ooh|oth| 92 03] 041051 06 5ot ogn| 99| 0an| °B | och | ooh | 0N | OFh
address h h h h h h h

1.3.3 Podora 3 nporokosiom UART

UART (Universal Asynchronous Receiver Transmitter) mpencrasise co600
yHIBepCaJlbHUI aCUHXPOHHUHN mpuifomonepenaad. BiH npuzHaueHuil 1751 MOCI0BHOL
nepenayl AaHux. 1'0JOBHOIO 00J1acTIO 3aCTOCYBAHHSI ACMHXPOHHOI Iepefayl JaHuX, K
NpaBWwIo, € He OOMIH JaHUMH B CKJIaJl CXEMH, a KOMYHIKaIil MDK OJIOKaMH
PO3IUICHUMH B TIPOCTOPI, SIKI MAfOTh O3HAKH BJIACHOrO IHTENeKTy. Ilpukimamom moxe
CIOYXUTH 3B’ S30K MDK TEPCOHATBHUM KOMIT IOTEPOM 1 MPUHTEPOM, MOAEMOM,
MIPOrpaMyrOduM NPUCTPOEM abo PEriCTPaTOPOM JaHUX.

[Ipu acuHXpOHHIN Mepenavi 1aHuX TAKTOBUN CUTHAII HE MEPENAEThC HA BAMIHY
BiJl BHUIIAQJKy CHHXPOHHOI MoCHimoBHOI mepemadi ganux depe3 SPI iHTepdetic. Lle
BHCYBA€ CTPOT1 BUMOTH JI0 PO3MOJILTY IHTEPBAIIB Yacy B KaHalax repeaadi Ta npumiomy.

VY HallmpoCTILIOMY BUNAAKY JJi1 KOMYHIKAlli MDK JBOMAa MPUCTPOSMHU JIOCHUTH
MaTH TpOCTe 3'€THAHHS 3a JOTIOMOTOK TPbOX JIHIN: TIepeaardi i IpUiMaroIbH1 JTIHI
Tx0 11 Rx0, a Takok aiHII 3a3eMJIEHHS.

B crangapti RS-232 Bu3HayeH! BUCOKMIA 1 HU3BKHM piBeHb Hampyru. bymo
NpuHATO, WO B IHTepdeiici RS-232 Oyayts ity uudposi piai +3 1 -3B. Hanpyru
Buiie 3B npuiiMaioTh 3a CUTHAIM JIOTTYHOTO HYJS , @ Oyab-AKi Hanpyru Hux4de -3B —
JorigHOI0 omuHMICKD. Hanpyra B mianmazoni Bin -3B 10 +3 BBaXkaeThCsl cCHTHaIaMu 0€3
3MICTY.

[lo mpu4uMH1 BIICYTHOCTI CUHXPOHI3ALll, SIKa MOKa3y€e MOYaTOK 1 KIHELb KOKHOTO
OaiiTy, OaliT MaHWUX TPUXOIUTHCS TMOYWHATH CTOMOBHM 1 3aKIHUYyBaTH CTapTOBUM
Oiramu, MO0 MpHUIMaTbHI IPUCTPOI MOTJIM PO3IMI3HABATH ITOYATOK 1 KIHEIb Iepemadi
Oaifty nmanux. CrapToBHMil OIT 3HAXOAUTHCA HA MOYATKY KOXHOro Oaifry. B minil
nepenayl B peKrMMI OUIKYBaHHS Jli€ BUCOKHUM piBeHb Hanpyru. [Ipu BuBosi Oaiita B JiHii
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BCTAHOBIIIOETbCS HU3bKUUI piBEHb. [HTEpBal CTApTOBOrO CUrHally TakUil sIK y Oira
TaHUX.

BinmoBinHO 10 Bu3HaYeHHS cTaHmapTy V.24, y JIiHII mepenadi MJaHWX y CTaHi
OUYIKyBaHHSI BCTaHOBJIEHUH piBeHb Jior. 1. Ilepenaua moxe OyTu moyarta B OyIb-IKUi
MOMEHT 4acy. Jlyisg Toro mo6® mnepenatu mnpuiiMady MOBLIOMIIEHHS MPO TMOYaTOK
nepeaadi, MocwiIaeTbess cTaptoBuid Oir 3 piBHeMm Jor.0. Ilicas mporo mepemaroThes
po3psiau gaHuX (y O UTbIIOCTI BUTIAAKIB 7 a00 8, TXHE YUCIIO 3yMOBITIOETHECS B MPOTOKOJTI
nepenayl 1aHux), Ipy [bOMY CHOYATKy NMEePEAAETbCA MOJIOAIINN 3HAYYIUNA OIT.

JI1st migBUILIEHHST HAJAIMHOCTI Mepeiadl JaHUX MOKe OyTH JTOJaHUi OIT MapHOCTI.
bir mapHOCTI JOTIOBHIOE PO3PSAN JaHUX TAKMM YHHOM, IO JOCATAETHCS NPsSMa MapHICTh
(cyma Bcix O1T1B, BKJIIOUAIOUH O1T MapHOCTI, MapHUil) a0 HempsiMa MapHICTh (Cyma BCIX
O1TiB, BKIIOYarOYM OIT mapHocTi, HemapHa). HeoOxigHWil BUJ MapHOCTI (BIACYTHICT,
npsiMa 4i HeNpsIMa) TaK0K MOBUHEH OyTH BU3HAYEHUHN y MPOTOKOJI Mepeaayi TaHuX.

Ilepemada 3akiHUIYETHCS CTOM-01TOM 3 piBHEM Jior. 1. ITicast BigmpaBiaeHHS CTOII-
Oita JHIA JaHUX 3HOBY TMEPEXOJUTh Y BHUXITHUM CTaH OYIKyBaHHS W TOTOBa [0
HaAcTynHOi nepenayi. YacoBa nmiarpama nepenaui 6aitra ESh (11100101b) 3 HenpsiMoro
MapHICTIO ¥ cTonOITOM uepe3 iHTepdeiic Thmy V.24 nokazaHa Ha puCyHKy 1.7.

CrapToBbin Bur
Bwi0 {LSB)
bvr4

Bwvrs

bwiB

Bur7 (MSB)
Bur yeTHoCTH
Cron-bur

bw3

COhRuaaHue

By
hHI

Crmaanve

i
i

Pucynok 1.7 - Yacosa mgiarpama nepegadi 6aiira ESh (11100101b).

VY 3B'S3Ky 3 TUM, L0 TakT JJs1 CUHXPOHBALI Mepedadyl HE IepecHIIaeThes,
MOYaTOK PO3PsIAYy MOXKe OyTH PO3IMI3HAHO TUIbKY MO BUMIPIOBAHHI Yacy, 10 MPOMIIOB 3
MOMEHTY TOSIBM Claaardoro ¢GpoHTy cTtaptoBoro Oira. Came TOMy HEOOXiTHO
BH3HAYaTH IIBUJIKOCTI Mepenadl JaHuX, sKi € 0OOB'S3KOBUMHU I TepeAaBaIbHOI ©
npuitMarodoi ctopoHu. Y ctauaapti RS232 noriyna oaunuis Ha3uBaeThes "mark", mpu
IbOMY piBeHb curHaimy Ha JiHii (-5..-15B). Jloriunmii nyms y ctangapti RS232
Ha3uBaeThca 'space", oMy BINMOBiNae piBeHb curHaimy +5.+15B. VYV BincyrHocTI
nepenadi Ha JIHI 3aBXau JoTidyHa oauHuI. [Ipo movyaTok mepemadi JaHUX CUTHATIZYE
cTapT 01T (JloriyHui HyJb). KiHenps nepenayi TaHUX Mo3HAYa€eThCsl CTOM OiTOM (JIOT MHA

OJIMHHUIIA ).

1.3.4 OcobauBocTi npotokoay 1-WIRE

1-Wire - mnpotokon mepenadi JaHUX TO OAHiA JHil. JlaHuéi TpoTOKONI
po3pobnenuit kopmopatiiero Dallas  Semiconductor (3apa3 Maxim Integrated). 3
BuKkopucTanHsaM 1-Wire mpamroe Outeinicts gomodorHuX uimB (DS1990A), xapTok
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JOCTYyIly, a TakoxX uepe3 1-Wire CHUIKYIOTBCS MOMYJSpHI JaBadl TeMIlepaTypu
(DS18S20 1 DS18B20), tpan3uctopsi kimoui (DS2405, DS2406), mporpamoBasi mopTu
BBeneHHs-BuBeneHHs (DS2408), AL 1 LATIL roguuauuku peansHoro dacy (DS2417)
TOIIO. ... PexuM 3B'13Ky B I[bOMY MPOTOKOJI - aCHHXPOHHUU 1 HamiBaymiekcHui. [lpu
IbOMY 3aBXKJU € BEAy4Uil - OJIMH NPUCTPIA HA MIMH], SIKE NOCUJIA€ KOMaH]IH, 1 BECHI -
MIPUCTPOT, SIKI Il KOMAaHIH MPUHMAIOTh 1 BIIMOBIIAIOTh Ha HUX, SKIIIO HEOOXITHO; KOKEH
3 BEIEHUX MPUCTPOIB MIAKIIOUAEThCA Oe3M0cepeHbO JI0 3araibHoi mmHU. [IpoTokos 1-
Wire He ckiIagHui B peai3allii 0JIHaK JOCUTh YyTJIMBHUH JI0 Yacy 1 40 nepemko. Takox
1-Wire He mnpu3HaueHuMW [ Mepenadl BEIMKUX 00°eMIB Hopmalii Ta s
MBUAKICHOTO OOMIHY JTaHUMH - MaKCHUMaJlbHa MBHAKICTE 96000601/C.

*VDD VDD
Master 4.7k
data

¢VD D ¢VD D

data data data

Slave 1 Slave 2 Slave 3

Pucynok 1.8 - [Ipukiaa miaKrOdeHHS BEAYUOTO 1 BEACHUX MPUJIa/IIB
3a npoTtokojom 1-Wire

[Ipotokon 1-Wire onucye pBUYHUN, KaHAIbHHMA, MEPEKEBUN 1 TPAHCIOPTHHIMA
piBH1 B3aemonii. Ha ¢iBuaHOMY pPiBHI JalOTBCS OINWUCH METOJIB 3B'I3KY, BUMOTH 0
IIMHUA JaHUX 1 kuBJieHHIO. KaHambHUN piBEHb ONMHMCYE CMOCOOM YMTaHHS 1 mepeaaui
OITIB 0 MPOTOKOIYy. MepekeBuil pIBEeHb BU3HAYa€ METOAM aapecallii J0 pIBHUX
NpuUCTpoiB Ha jiHIi. Hapemri, TpaHCIOPTHUI pIBEHb ONHUCYE (PYHKIIOHAIbHI KOMaH[IH,
BUKOPHUCTOBYBaHi mpuctposimu 1-Wire,

O6MiH iHpopMalliero BeaeTbcss TaM-ciotamu (60 MKC): OAMH TalM-CIIOT
CIYXUTh JIs1 0OMiHy ojnHuMm OiroM iH(opmari. Jlani nepemaroThesi OiT 3a OiToM,
NOYMHAIOYY 3 MOJIOAIIOTO OiTa MOJIOAMIOrO OaiiTa.

IIpu oOmiHiI HpoOpMaIlEr0 Beayduid IHIIIFOE 3B'S30K Ha OiroBomy piBHL ILle
O3HaJyae, IO TMepejada KOXKHOro Oirta, HE3aIeKHO BII HaNpsaMKy (mepemada abo
MpUIOM), IOBUHHA OyTH HI[IIOBaHA BEAYYUM.
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2 IPOEKTYBAHHS EJEKTPUYHOI MPUHIIMIIOBOI CXEMHA
2.1 Po3podka cxeMH eJieKTPUYHOI MPUHIIMIIOBOI MiKPOKOHTpOJIepa

VY npoueci npoeKkTyBaHHsI OyAb-IKOTO MPHUCTPOIO, POPMY€EThCS HAOIP TEXHIYHOI
JOKYMEHTAITIl 110 IbOMY MPHUCTPOI0. B TEXHIUHIN TOKYMEHTAIll OMUCYETHCS IMapaMeTpH,
poboTa MPHUCTPOIO, HEOOXIAHI JJIT BUTOTOBJICHHS KOMIIOHEHTH Ta METOAW 1 3ac00H
HaJIaroHKeHHs (DYHKIIOHATBHUX MO>KJIMBOCTEH MPOEKTOBAHOTO MPUCTPOIO.

OnHUM 13 HAMBAXKJIMBILLIMX PO3/UTIB TEXHIYHOI JOKYMEHTALI SIBJISETHCS MOJIaHHS
EJIEKTPUYHOI NPUHIUIIOBOI CXEMHU MPOEKTOBAHOTO TIPUCTPOIO.

Enexrpuuna npunHIunosa cxema — 1e rpadidHe 300pakeHHs] 0yI0BH TPUCTPOIO
Ha ¢BUuHOMY piBHI. [laHa cxema BinoOpa)kae KUIbKICTh Ta THUI BHUKOPUCTOBYBAaHUX Y
OpUCTPOT KOMIIOHEHTIB (PalOTEeXHIYHUX €JIEMEHTIB, MIKpOcXeM, IHTep(encHuX
PO3‘€MIB, TOIIO...) Ta IX B3aEMOII0 OJUH 3 OJHUM. [[ITKIIFOUCHAS KOMIIOHEHTIB CXEMU
OJIMH JI0 OJTHOTO BIOOpaXaeThCs JHIIMH. 3TIIHO 11€1 CXeMU BiIOYBA€ThCS PO3BEICHHS
JOPIKOK Ha TUIAT1 Y BIAMOBITHOCTI 10 JIHINA MIKITIOYEHHS, 300paKeHUX HA CXEMi, Ta
MOHTaX 1 MaiiKa €JEMEHTIB MPOEKTOBAHOIO IMPHUCTPOIO. YC1 €eMEHTH, 300pakeHl Ha
SIIEKTPHUYHI IPUHITAIIOBINA cXeMi, MAMUCYrThCs 3TimHO BuMoT JICTYVY.

XKopeH eneKTpUYHUI TPUCTPIA HE MOXKE MpaIroBaTH 0Oe3 JpKepelia Hamnpyru
xuBjieHHsA. [Ipuctpoi, mo noOynoBaHI Ha OCHOBI MIKPOKOHTpoJiepa, 1€ LHU(PPOBI
npucTpoi. JlianazoH Hanpyru *KUBJIEHHS AJIS1 TAKKX MPUCTPOiB ckianae B 1.5 1o 5.5B,
a cTpyM - mocTiiHWi. g minkmodeHHs IUGPOBUX TPUCTPOiB 10 Mepexi 220B
BUKOPHUCTOBYIOTECS TpaHC(OpMATOpHi, IMIYJIbCHI, KOHJEHCATOPHI OJIOKH >KUBJICHHS
Tomo... Jlo ckiamy HaMOpOCTIIOT CXEMU BXOJATh: MOHWXKYHOUHUN TpaHchopMmarop,
TIOJHUNA MICT, €JIEKTPOJITHYHI KOHIEHCATOpH Ta MIKpocxeMa cTabuiizamii (AuB.
pucyHok 2.1).

S~ Trl
| VDAl  ppi
I

~220V ! L7805 [ .
I

— : —= 1 —— 2 5V

- . .

Pucynoxk 2.1- Cxema ctabutizaitii >KMBJICHHS JJIsI TU(DPOBUX MPUCTPOiB HA OCHOBI
MIKpOKOHTPOJIEPIB

KmouoBuM enemeHToM B naHii cxemi € ctabuizarop L7805. IcHye nBa Bunu
ctabuizaropa 7805: 3 cTpymMoM HaBaHTaxeHHS 10 1A 1 manmonortyxHuii 78L05 3
ctpymoMm HaBaHTaxkeHHS 10 0,1A. KpiM HuX € mpombkHuid Bapiant 78MO05 3 cTpymom
HaBaHTaxeHHs 710 0,5A.
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€wmuicte Cl Ha BXxoal craburzaTopa HeOOXIIHA Ul 3IUIaJUKEHHS
BHCOKOYACTOTHUX 3aBaJ MpHW mojadi BxiqHoi Hampyru. €wmuicth C2 Ha BHXOII
cTabinidaTopa 3aaa€ CTaObUIbHICTh HAMPYTW MPU PB3KIA 3MIHI CTPYMY HaBaHTAXEHHS, a
TaKO CYTTE€BO 3HIDKYE aMIUTITYly Myjbcaid. /s iioro HopmalibHOT poOOTH Hampyra
Ha BXO/Il IOBUHHA OyTH y Aiana3zoni 10-20 B.

Jlns  ¢dopMyBaHHS Hampyrd TaKOro pIBHSI BHKOPHCTOBYETHCS OXHO(A3HHIMA
TpancgopMarop Ta miogHui MIcT. s Toro, mo6 chopmMyBaTH HEOOXITHI YMOBHU IS
podot MKC HeoOxinHO niepeadaunTH JIKEPENo IMITYIbCIB CUHXPOHIZALII.

B wmikpokonTposnepax cimeilictea PIC16 mnepenbaueHo paekuvibka THUITIB
rerepatopiB. s PIC16 kopuctyBau MoOXke 3amporpamyBaTé ABa KOHDIrypariiHuX
oirtu (FOSC1 1 FOSCO) nnst Bubopy oanoro 13 yotupbox pexxkumiB: RC, LP, XT, HS.,
ae:

RC — reneparop na RC-nanj;

XT — cTanmapTHUN KBapLOBUM F€HEPATOP;

HS — BucokouacToTHUI KBapIIOBUI reHEPaTOD;

LP — Hu3bKOYACTOTHUI MaJIOi TIOTY>KHOCTI T€HEpaTop.

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

MIKIF0YAETHCS KBApIIOBHA 400 KepaMIdHUN pe30HATOP.

DD1
—URrA2 RA1 8
—21RA3 RAO |7 z1 Cf
—3ras  osctpPe T
“1rRas osC22 %MHZ
— | I
—=l_, 14 7
S Vdd C2
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Pucynok 2.2 - Cxema TakTyBaHHsI MIKpOKOHTpOJIepa

JUisi MiAKITIOUEHHS pe30HaTopa BUKOPUCTOBYETHCS TUIIOBA CXeMa BUPOOHHUKA.
€MHICTh KOHICHCATOPIB MOBHMHHA OyTH B HTEepBail Big 15 10 22 nd, onuH BUBIA SKUX
MIIKIIF0OYAETHCA JO PE30OHATOPA, a HILUHI 10 3EMIIL

Y npuctpoiB, moOyZOBaHMX Ha OCHOBI MIKPOKOHTPOJIEPIB MependadeHuit
MEXaHI3M amapaTHoro peceTyBaHHsI. Y MikpokoHTposiepie PIC16 BuBim, 110
MPU3HAYCHUN JIJIsT pydHOTo rnepesanycky HazuBaeThess /MCLR. AKTUBHUN curHai s
CKHMJIaHHS — LIe curHai JjoriyHoro 0, mo noxaetscs Ha Bxin /MCLR npu HatuckaHHi
KHOIKH S1.
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Jlnst 3miau mporpamuoro 3abe3nedenHs MK BukopuctoByetrbes po3‘em ICSP.
Jlaauit po3‘em, SK 1 OJHOIMEHHHM TPOTOKOJ OOMIHY, JO3BOJISIE 3MIHIOBATH POO0UI
nmapamMeTpu MIKpOKOHTpoJjiepa 0e3 BWIydeHHs Horo 13 mpuctporo. IIpu mpommBanHI
MIKpokoHTposepa Ha HDKKY /MCLR nopaerscsi curnan piBuem 15B. [Jlanuii curnan
MO3HAaYEHO Ha po3‘eMl K Vpp. 3aal0ETbCI MEXaH3BMY JOCTYIly A0 HaMm ATl
MIKpoKOHTpoJjepa. [lani mepenarotses mo miHii Data Ha BuBim PGD MikpokoHTpoOIiepa,
npu mpomy 3 mHI Clock po3‘emy ISCP moctymae curnan takryBanHs. JlaHwil curHAI
npuitmaetbest BuBoJoM PGC MIKpOKOHTpoJiepa, Ta BIANOBIIAE€ 3a KOPEKTHUN 3aIucC
nporpamu y MikpokoHTpoJiep. Curnanu Vss 1 Vdd 3a0e3neuyroTh cTaHIapTHY HANPYyTy
YKUBJICHHS JIJI1 MIKDOKOHTpOJIepa piBHeM +5B.

Ha enexTpuuHiii NpUHIMIIOBIN CXeMi MOKA3aHO SIK B3a€MOJIIIOTH PI3HI BY3JIM MDK
co00I0 Ta $SIKI KOMIOHEHTH BUKOPHCTOBYIOTHCA JUIsl TOOYIOBU TMPOEKTOBAHOTO
OPUCTPOIO. 3TITHO 13 IIEI0 CXEMOIO Y MOAATBIIOMY (POPMYBATUMETHCS MPUHIUI POOOTH
yCiel cHCTEeMHU Ta aaropuTM (YHKIIOHYBAHHS MIKPOKOHTpPOJEpa, SK OCHOBHOTO BY3Jja
KepyBaHHS.

[IpucTtpoi BBeNEHHS/BUBEIEHHS — 1€ PIBHOTO poay nepudepiiHi MOAyii, sKi
MIKTI0YAI0THCS 10 GYHKIIOHATBHO 3aBEPIICHOIO MPUCTPOIO JIJIsI KEPYBaHHS pOOO TOIO
IIOTO TIPUCTPOIO Ta OTPUMaHHS iHGOpPMAIIil PO BUKOHYBaH1 HUM (pyHki. Hampukman,
s [TIK takuMu mpuCTposSiMH € KilaBiaTypa, MUIIKA (PUCTPOi BBEACHHS) Ta MOHITOP 1
npuHTEp (MIPUCTPOT BUBEJICHHS ).

Jlist  MIKpOKOHTPOJIEPHUX CHCTEM HOMEHKJIATypa TMPUCTPOIB BBEACHHSA YU
BHUBENICHHS nemo iHia. [IpucTposiMmu BBOAYy KpiM KiIaBiaTypH (KJIaBiaTypHOI MaTpHII)
MOXYTh OyIM p13HI JATYUKH — TeIIa, BOJIOTOCTI, 3arazoBanocTi, [U-naryuku, Tomo... B
CBOIO U€pry MPUCTPOi BUBOY TaKOXK HE 0OMexyroThcst MoHiTopoM. st MKC e, — sik
npaBwio, — 3HaKocuMBOJIbHI a00 rpadmni PKI, CCI, akycTuuHi enementu (Oinepw,
JTWHAMIKW ), HaB1b 3BUYAMHI CBITJIOII0IH.

HaiinpocTimni 13 mux MpUCTPOiB BBEICHHS/BUBEICHHS IHTETPYIOTHCS B MPHUCTPIi
Ta MIKIIOYAIOTHCS OE€3MOCEPEIHLO 10 MOPTIB MIKPOKOHTpOJIEpa, MPOTE € 1 Taki, JJis
MIKITIOYEHHS SIKUX BUKOPUCTOBYIOTHCS HTEp(PeHCHI po3‘eMHU.

[aTepdeiic — y MIKpOKOHTPOJICpHIM TEXHIIl — Ii¢ HaOIp MPOBITHHUKIB, SKi
BUKOPHUCTOBYIOTHCS JUIA TIKIIOYEHHS 30BHIIHHOTO TPUCTPOIO BBOAY/BHUBONY Ta
3a0e3neuyroTh peaniBalilo NPOTOKOJIy Nepenadl JaHuX. Sk mnpaBuwio, Taki Tpynu
NPOBITHUKIB 00 °€IHIOIOTECS B MEXax OJIHOTO po3‘emy. Hampukman, nias 30BHIIIHIX
npucTpoiB, ski npaimooTs Mo USART/RS-232 mpoTokoiy, rpymna MpOBITHHKIB, sSKa
3a0e3mneuye 3B 30K 13 MIKPOKOHTPOJIEPOM OCHOBHOTO MPHUCTPOIO MO IbOMY MPOTOKOIY
00‘eqHIOETBCS Y po3‘em Ty D-SUBO.

HaBenena enexTpuuHa MPUHIMIIOBA CXEMa MPAIlO€ HACTYMHUM 4duHOM. [licyis
Moja4l JKUBJICHHS MIKPOKOHTPOJIEp MOKPOKOBO BUKOHYE TMPOrpamy, IO 3akjajeHa y
roro mam'sath nporpam. [lepmmmM erarnoM € HiiaT3aIisl MOPTIB MIKPOKOHTpoJIepa Ta
Horo BOYJOBaHMX MONYNIB. AKTHBYETbCSl IHTEpQeic 3B'I3Ky Ta BUKOHYETHCS OOMIH
JTaHUMHU.
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Pucynok 2.3 - EnexrpuuHa npuHIMNOBa cxeMa po6otu CucTeMyu MOHITOPUHTY
TEMIEPATYpPHU

Tabmmuug 2.1 — Ilepenik eneMeHTIB eIeKTPUYHO1 MPUHIIUIIOBOI CXEMU
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Ne 11/11 | Ha3Ba enemenra [To3Haue HHs Hominan

1 TpauchopmaTop TR1 220B

2 JlioiHMH MiCT VDS1 D13A4

3 Perynsatop nanpyru DD3 7805

4 KBapuesi pezonatopu 71,72 4MI'1t

5 Kounnencarop Cl1 100MkD

6 Konnencarop C2 10mMk®D

7 Kounnencarop C3,C4 151D

8 PesucTopu R1,R2 4k7xOM

9 Pesucropu R3,R4 10kOM

10 MiKkpoKo HTpoJIepu DD5,DD6 PIC16F689, PIC16F884
11 Hudpouit TepMomaBaq IC4, 1C5 DS18B20, DS18B20
12 2-psinxoBuii PKI LCD LMO16L

13 KHonka-nepemnkau S1,S2 SK1-53
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2.2 CtBopenns npoekTty B cepenosunsi PROTEUS VSM

binmpmiicTs pamioamMaTopiB CTUKAIKUCS 13 CHTYAIlI€I0, KOJM 32 OpakoM JIOCBINY YU
MPUCYTHICTh TOMWUJIOK Yy cxemi abo X 3a IHIMMH OOCTaBUHaMH, IICyBalld
pPaaloeNneKTpOHHI KOMIIOHEHTH.

3'siBunacsl BeMM4Ye3Ha KUIBKICTh MPOTpaM CUMYJSITOPIB, IO 3aMIHIOIOTH peaibHi
pamionerani W TpWiIaan, BIpTyaTbHUMH MoAemsiMu. CHMYISTOPH JO3BOJISIOTH, O€3
30MpaHHs PEAILHOTO TPHUCTPOI0, HAJATOAWTH POOOTY CXEMH, 3HAWTH TIOMWIIKH,
OTpHUMaHI Ha CTajii MPOEKTYBaHHs, 3HATH HEOOXIIHI XapaKTEPUCTUKU M Oarato 4oro
iH1oro. Oxxiero 3 Takux mporpam € PROTEUS VSM.

Proteus VSM cxrnanaetbes 13 1Box camocTiiiHux mporpam ISIS ta ARES. ARES
1€ TPACUPYBAIbHUK JPYKOBAHUX IUIAT 3 MOKJIMBICTIO CTBOPEHHS CBOIX O10JI0TEK.
3amyck mporpamu BinOyBaethes 3 MeHI0 [lyck — IIporpamu - Proteus 7 Professional -
ISIS 7 Professional. [Ipu 3amycky mporpamu 3'sIBISETECS OCHOBHE BIKHO mporpamu [SIS
7 Professional.

HaitOumpimii  mpocTip BinBeaeHuid min BIKHO penaryBanHsa EDIT WINDOW.
Came B HbOMY BIIOYBalOTbCS BCl OCHOBHI IPOLECH CTBOPEHHS, pEJaryBaHHS U
HAJIarOJKEHHSI CXeMH MpucTpor. JliBopyd yropi MajieHbKe BIKHO MOTIEPETHHOTO
neperisigy Overview Window 3 #Horo JONOMOTOI0 MOKHA MEPEMIIyBaTUCS IO BIKHY
peaaryBaHHs (KJalaro4u JIIBOIO KHOMKOK MUII MO BIKHY MONEPEAHbOrO MEpEersiay,
MO’KHA TEpEMINlyBaTh BIKHO peJaryBaHHS 3a CXEMOIO, AKIIO 3BHYAHHO cXema He
BMIIIA€TbCS Yy BIKHO). [lepemilryBatu BIKHO penaryBaHHs 3a CXEMOIO MOKHA 1€
yrpuMytoun HatucHyTtoi kHOmKy SHIFT Tta pyxaioum KypcopoM MHIII MO BIKHY
penaryBanHs. HaOmmkyBaTu il BiggaisiTi cXeMmy y BIKH1 MOxHa kHonikamu F6 it F7 abo
X KonecoM mui, F5 neHTpye cxeMy y BikHI, a HaTUCKaHHA F8 minranse po3mip cxemu
MT-BIKHO pearyBaHHS.

ray LINTTELERE - 1515 Profedisasl (Dema
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[
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Pucynok 2.4 - OcnoBHe BikHO nporpamu ISIS 7 Professional 1 BikHO
MOTIEPETHHOTO TTEPETIITY.

ITin BikHOM TmOTIepeaHROr0 meperisimy 3Haxoauthes Object Selector - crmcox
00paHUX y 11l MOMEHT KOMIIOHEHTIB, CUMBOJIIB W IHIIMX eJleMeHTIB. Bumutenuii y
CIIMCKY 00'€KT BIIOOpaXaeThCs Y BIKHI IONIEPEIHBOrO TEPETIISY.
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Bci moximuBi1 ¢yHkuii Ta iHcTpymeHTH Proteus VSM nocTynHi uepe3 rojaoBHE
MEHIO, Yepe3 MIKTOTPaMH SKI 3HAXOISThCS IT1T MEHIO 1 y JIBOMY KyTi OCHOBHOT'O BIKHA
Ta 4Yepe3 TrapsA4l KIaBilli, SKI MOXYTh IMEpPENpU3HAYYBATUCS KOpPHUCTyBaueM. BHuU3y
OCHOBHOTO BIKHA PO3TalllOBaH1: KHOIKM 00EpPTaHHS Ta pO3BOPOTY 00'€KTa HABKOJIO CBOEL

OCi, MaHeJb KEPYBaHHS IHTCPAKTHBHOIO CHUMYJLILIEIO - BHUIVIIIAE K MArHiro(poHHa 1
¢ynkuii Taki x: [TYCK , [IOKPOKOBUU PEXNUM, TIAY3A,CTOIL

COF -t ¥ [ [ 1l [ m | mootseEEn 0 A &

Pucynok 2.5 - [lanenb kepyBaHHS IHTEPAKTUBHOIO CUMYJISIIELO.

Cepenosuiie PROTEUS mae Bennue3ny 610,110TeKy €IEKTPOHHUX KOMIIOHEHTIB.
Bci enementn mepeOyBatorh y 6i0miorernti kommoneHTiB. I1[o6 mo HEl moTpanuTtu
notpioHo nepeitu B pesxkuM COMPONENT (KOMIOHEHTH), HATUCHYBIIM BIAMOBITHY
nikrorpamy P (Pick devices) abo nBidi KIalHYBIIM JIIBOKO KHOIIKOIO B TOJ BUOOPY
kommoHeHTiB Object Selector.

KomnonenTs Mo’kHa BHOMpATH TO KaTeropiix, Ta y CIHUCKY. 300pakeHHs
KOMITIOHEHTA 3'IBUTHCA y BIKHI nomniepeHporo neperisiay. [{o6 po3MicTUTH KOMIOHEHT
Ha poOoOYOMY TOJI MOTPIOHO HABECTH KypcOp MHUII HA MOTPIOHE MicIe 1 KIAlHYTH
niBoto kKHOMKOr wmuiil. [[[o6 3’e€qHaTh BHBOAM KOMIIOHEHTIB MPOBITHUKOM MOTPIOHO
MIBECTHA KypCOp MHIII 10 BUBOJY KOMIIOHEHTA, IMICJIS MOSIBH Ha BUBOJ1 KOMITOHEHTA
XpeCcTHKa MOTPIOHO KJIAIIHYTH JIBOIO KHOTMKOI MHUIII 1 MIIBECTH KypCOp MHIII 0
BHBOJIY IHIIIOT'O KOMITOHEHTA.

st Pick Devices
Macra Pesynerares [B25) Mprocaaomp cxents
[ UerpoieTeo | Befmorera | Dmucassie A reErO HE BRODEHO AR MROCHIT
Cnoma e na oed 555 AMNALOG Turer/0zodlaton
T s ot/ 7655 AMALOG CMOS Times/Dscilator
B0 AMALOG BV Fiead 14 Posilive Power Supply Fegulator
Keveropus: 7605 AMALOG BV Fieed 14 Pasitive Powes Supply Regulsts P Mpackorp:
[Bee paTerop) ~ | TEOB ANALOG BY Feond 14 Postlive Fower Supply Flegulsto
He K naccies B9 ANALOG 9 Feeed 14 Positve Power Supply Regulsto
Me_ 7810 AMALOG 10V Fied 1A Positive Power Supply Regulst
Capacilor: 7812 AMALOG 12 Fixed 14 Positive Power Sugply Fegulat
CHMOS 2000 senes TE1S AMALDG 15V Fised 14 Positive Power Supply Regulat F .Y
Corneciors 7E18 AHALOG TEV Fueed 14 Positive Power Supply Fegulat 1 W |7
Laplace Primilives 7RL24 AMALOG 24V Froed 100mé Positive Powar Supply Feg I_
:“h*“f; 78540 ANALOG 1.54 Univerza Swihching Regulstor Subayste &4 f
H:"’“‘ﬁ' Y s 7905 AMALOG B Fioed 18 Negative Power Sigpl Requlat it
Mircelaneous 7906 AMALDG BV Fiozd 1A Negative Power Supply legulat
Mo P 7508 ANALOG 8V Foced 14 Negative Power Supply Fiegulsh L 9
Dipmsstionsl Ampkiiacs 7909 AHALOG & Frosd 14 Negative Power Supply Flegulat |\
Mirdredacirranics & | Mo AMALOG 10V Fised T Hegative Fower Supply Reguls
7912 AMALOG 12V Fied 16 Hegative Power Supply Reguls
Mo srecopeas 7915 ANALDG 15V Fioad 14 Hegative Power Supply Reguls
m 3913 AMNALOG TEY Freed 14 Hegatiee Power Suppl Reguls
e e A0S AN EumdJonerembery dveclifims
s 712 ANALDG 12/ Fied 100w, Negalive Poeer Supoly e | [[ omena |
MarmaBaman o 15 AMALOG 25V Fived 100mA Neoastive Power Suook e

Pucynok 2.6 - BibioTeka e1eKTpOHHUX KOMIIOHEHTIB.
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Jlia Toro, mo0 neperigHyTH poOoTy cxeMu, HeoOxingHuil Buxignuii HEX-¢aiin.
Cepenosume PROTEUS mintpumye 6arato 3aco0iB po3pooku, cepen Hux 1 HI-TECH
Ci xommissitop 1 CROWHILL PIC BASIC 1 BASIC STAMP. Tlonepenaso HEX-daiin
MOBUHEH OYTH CTBOPEHHMH 3 BHUKOPUCTAHHAM CEPEAOBHILEM IPOTPAMyBaHHS
MiKpokoHTpoepiB Bix pipmu MICROCHIP, a came MPLAB.
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3 PO3POBKA ITPOI'PAMHOTI'O 3ABE3ITEYEHHSA MKC
3.1 Po3pobka aaroputmy ¢pynuknionyBanass MKC

ANrOpuT™M — 1€ MOCHIAOBHICTb, CUCTEMA, HAOIp CHCTEMATU30BAaHUX IPABUI
BUKOHAHHS OOUHCITIOBAJILHOTO MpPOLECY, M0 OOOB'SI3KOBO MPUBOAUTH 10 PO3B'SI3aHHS
MIEBHOTO KJacy 3adad Iicid CKIHYEHHOTO 4Yucia ormepamid. Ilpm nHammcanHi
KOMIT'IOTEPHUX TPOTpaM aJrOpuUTM OMNKCYE JIOTIMHY MOCHIOBHICTh onepartid. s
BIBYaJIbHOT'0 300pa)KE€HHS aITOPUTMIB BUKOPUCTOBYIOTh OJIOK-CXEMH.

brok-cxema — cxemarndHe 300paXCHHS ITOCTIAOBHOCTI MI, CHpPSIMOBAaHMX Ha
JOCSITHEHHSI CIMUIBHOI METHM Ta iX ocoOsmBocTeil. Po3nun mporpamu, y sKomy
BiIOYBAEThCA 3aHECEHHS 3HAUYCHHS 3MIHHMUX IOJIA€ThCA y BUIJISI Mapajenorpama, B
SAKOMY TepepaxoBaHi IMEHa LUX 3MIHHUX. Po31i1 mporpamu, y sikoMy BinOyBaeThCs
BHKOHAHHS IIEBHOI oTeparlii momaeTeest y (Hopmi MPSIMOKYTHHKA, a PO3AUT TEPEBIPKHU
yMoBU — y dopmi pomba. KpiM TOro MOXyTh BHKOPHUCTOBYBATHUCH PO3AUIM, SIKI
MOBTOPIOIOTH MEBHUI HAOIp KOMaHA JIJIsl IHIIOTO aHAJIOTIYHOTO BUMAAKY. Taki po3auiu
Ha3MBaIOTh OJIOKOM IAEHTUYHHUX OIEepaliidl Ta 300paKylTh y BUIJIAl HIECTUKYTHHUKA.
[Ile oguH pO3aLI, IO € MOMMPEHUM Y IIPOorpaMax — Ie PO3ail BUKOHAHHS TIMPOTPaMHU.
300paxyeTbest BiH y (popMi MPSIMOKYTHHUKA 13 IBOMA BEPTUKAITbHUMU CMYTaMu 10 Kpasx
¢irypu Ta 3arMcoM y HbOMY Ha3BU MiAMPOTPaMHU.

Kosxen anroputM € cnuckoM 100pe BU3HAUEHUX IHCTPYKLIM A PO3B'sI3aHHS
3anaul. [louynHaroum 3 MOYAaTKOBOTO CTaHy, 1HCIpyKH11 ANfOPUTMY OIHCYIOTh NPOLIEC
oOuucneHHs, $Ki BiIOyBalOTbCA Ye€pe3 TMOCIAOBHICTh CTaHIB, $KI, 3PEITOIO,
3aBEPIIYIOTHCS] KIHIIEBUM CTaHOM.

[IpuHiMnu noOyI0BU MPOTPaMHOTO 3a0€3MEUEHHS TOYHO TakKl XK, SIK 1 anaparHol
YaCTUHU: CTBOPEHHS KIHIIEBOTO MPOAYKTY 3 TOTOBUX OJIOKIB - MiAIporpaM. SIKIIo BCIO
poOOTY IporpaMu Po3MICTUTH Y BEKTOpax MepeprBaHb, TO OCHOBHUN J0AATOK HIIK HE
BIIUy€ BUKOHaHHSI (PparMeHTIB CYCIOHIX Mignporpam. [ 0JloBHE BU3BHAYUTH MOMIJIUBOCTI
anaparHoi YaCTUHU.

[Iporpamae  3abe3medcHHS  MIKPOKOHTpOJiepa  HEoOXimHO  OyayBaTk 3
MakCUMaJlbHUM BUKOpUCTaHHAM niepudepii. [Ipu nipomy s1po He BUKOHYBaTHME O€3J1i4i
PYTUHHHUX OTeparlii.

[licns BKJIIOUEHHS OKUBJIEHHS CEpBICHA TMporpamMa [OYWHAE MPOBOAUTU
HimianBaniro. Ha mnodarky mporpaMm TNPUKPIUTIOETBCS  haiin 0100 TeKH
MIKPOKOHTpOJIEpa, MICIS YOTO OroJOUIyIOTHCS OITH MOPTIB 1 PEricTpH MaM'siTi, SAKi
BUKOPHUCTOBYIOTECS B TporpamMi. MIKpOKOHTpOJIEp Ma€ BUIbHI JJIsi BUKOPHUCTaHHS
KOMIPKU MaM'sITl 1, 100 NMPU KOXKHOMY 3BEPHEHHI 10 MEBHOI KOMIPKUA HE OMHMCYBATH il
azipecy, Ta moJiermmTy (opMyBaHHS MPOTPAMU - NPUCBOIOETHC 111 Ha3Ba.

V moHATTS HILAII3a1(il BXOIUTD:
® TIPUCBOEHHS MOYATKOBUX 3HAYEHBb BCIM 3MIHHUM MIPOTPAMU;
® HaJAIITYBaHHS BCIX BHYTPINIHIX CUCTEM MIKPOKOHTPOJIEPA;
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® BITHOBJICHHS PEKUMIB POOOTH CUCTEMH, BCTAHOBIICHHX Y TOIEPEIHROMY CEaHCi
po0OTH LUIAXOM 3YMTYBAaHHS BiNOBINHUX napaMeTpiB 3 EEPROM-nam'siTy;

® BUKOHAHHA MIANPOTpaM, NPU3HAUCHUX [JI1 HAIAIITYBaHHA BCIX mepudepiiiHux
MOJTYJTIB y BUXITHUHN CTaH;

® BUKOHAHHS HIIMPOrpaMU 3aMyCKy CUCTEMHUX JHUWIbHUKIB-TaAUMEPIB 1 MEXaH13MY
nepepuBaHb MIKPOKOHTPOJIEpa.

JIis BUKOpPUCTaHHS y MpOrpamMi KOHCTAHT 1 3MIHHUX HEOOXITHO iX MOMNEPEIHbO
onucatu Ta orojocutd. KoHCTaHTa - 1€ MNPOCTO JesdKe YHCJIO, M0 YacTo
BHKOPHUCTOBYETHCS B nporpaMi, 1 Ma€ MEeBHUH 3MICT.

Kpim KOHCTaHT, 5Ki, BIIMIOBITHO 0 CBOEI HAa3BH, TMPOTArOM YChOTO 4acy pO60TI/I
NPOrpaMu HIKOJIM HE MIHSAIOTBCS, Y Mporpami icHytoTh 3MiHHL [1in 3MiHHOIO B porpami
pPO3YMIIOTh IM'st pericTpa, abo agpecy KOMIPKM Mam'siTi, J€ B MpPOIeCi BUKOHAHHS
nporpamMu OyJe TUMYacoBO 30epiraTvcsi 3a3lajleriib HEBIOMa BEIMYMHA, a0o
MPOMDKHUM pe3ybTaT 00UKCIICHb.

<|)'m : ) : :
Iouator Dout [lowaTok

THIIITATI3AIIA MK
HATAIITY BAHHA NOPTIBR
MSSP UART, ADC

!

| 4

THILLIAJIIBALLIA MK
HAJAIITYBAHHA MOPTIB
MSSP UART

OTpuMaHHA TaHAX
3 DS18B20 x2

OTpuManHA JaHHX
3 Ul ma U2

Y

Y

3anne panux
¥ 3miuni

Miaroroska xannx
IS BHBECACHHA HA
2-puarosunii PKI1

\

llEP&‘,LIH.‘{H ()'I'pllMll HOTO
3Ha4uennn na U2

Pucynoxk 3.1 - brok-cxemu pobotu CucteMa MOHITOPUHTY TEMIIEpATypHu
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3.2 KongirypyBanus npuctpoio 3 Bukopuctanusm aupektusu _ CONFIG

CimeiictBo  MmikpokoHTposiepiB PIC16 wmae Habip crhemianpHUX —(DYyHKITIH,
NPU3HAYEHUX JUJIS PO3LIMPEHHS MOXKIMBOCTEW CHUCTEMH, MIHIMB3alil BapTOCTI,
BUKIIFOUEHHSI HAaBICHUX KOMITOHEHTIB, 3a0€3M€UEHHSI MIHIMAJIbHOTO €HEPTOCTIOKUBAHHS
13axucTy Koay Bix 3uutyBanHs. B PIC16 peanizoBani HacTyIH1 crieriaibHi (yHKITI ;

e BHOIp THUITy T€HEpPATOPA;
CKUJIaHHS,
cxeMa CKUJaHHS TI0 BKIIFOYCHHIO )KUBJICHHS |
taiimep ckunanus (DRT);
ctoposxoBuii Tarimep (WDT)
pEXUM NOHMKEHOTO eHeprocnoxuBaHHs (SLEEP);
3aXHUCT KOAY Bill 3UUTYBaHHS;
01Ty 1meHTuIKaIlii.
B pericTpi koH}irypaitii onucyrotscs 061Ti KOHPIrypaitii, B iKi BXOJSATS:
OIT 3aXHUCTY
01T 103BOJTy POOOTH TaiiMepa BKITFOUCHHSI JKUBIICHHS
01T 103BOJTy POOOTH CTOPOIKOBOTO TalMepa
BUOIp TUITy reHepaTopa
bitn xondirypanii 3agatorecs 3a fonomoroto aupektuBu _ CONFIG. @parment
3aroJIOBKy IIpY HaMCaHHs nporpamu 11 MikpokoHTposepa PIC16F689 3
BUKOPHUCTaHHSIM MOBH C:

#include <pic.h>
__CONFIG(FOSC_HS&WDTE_OFF&PWRTE_OFF&CP_OFF&BOREN_OFF&LVP
_OFF&CPD_OFF&WRT_OFF&DEBUG_OFF),

@®parmMeHT 3aroJioBKy MU HAMTMCAaHHS MPOTpaMu JJIsl MIKPOKOHTpOJepa
PIC16F884 3 Bukopuctanusim MoBu C:
__ CONFIG(FOSC_XT&WDTE_OFF&PWRTE_OFF&MCLRE_ON&CP_OFF&CPD _
OFF&BOREN_OFF&IESO_OFF&FCMEN_OFF&LVP_OFF&DEBUG_OFF),
__CONFIG (BOR4V_BOR4OV&WRT_OFF);

3.3 HanncaHHs Kepylo4oi mporpamMu /1Jjisi MikpOKOHTPoJiepa

[licns BKIIOYEHHS JKUBJIEHHS CEpBICHa TNporpaMa IOYMHAE MPOBOJAUTH
HinlanBaulto naHux. Ha mouarky nporpamMu NOpUKPILUTIOETbCA (aitm 010110 TeKH
MIKpOKOHTpOJIEpa, IMCAS YOTO OroJIONIYIOTHCS OITH TMOPTIB 1 PEricTpH IMaM'sTi, SKi
BUKOPHCTOBYIOTECS B mporpami. JlaHuii TN MIKpOKOHTpoJiepa Mae€ BUIbHI IS
BUKOPHCTaHHS KOMIPKU MaM'ATi 1, 100 IPU KOXKHOMY 3BEpPHEHH1 A0 TIEBHOI KOMIPKH HE
OTMCYBATH 11 apecy, Ta MOJETHIUTH (OPMYBaHHS NPOTPaMu - TPUCBOIOETHCS i1 Ha3Ba.
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V noHATTA Hiaa3anil BXOAUTh:

® TPUCBOEHHS MOYATKOBUX 3HAYEHb BCIM 3MIHHUM IIPOTPaMU;

® HAIAMITYBaHHS BCIX BHYTPIIIHIX CUCTEM MIKPOKOHTPOJIEPA;

® BITHOBIICHHS PSKHMIB POOOTH CHCTEMH, BCTAHOBJICHUX Y ITOMEPEIHROMY CEaHC1
pOOOTH UIAXOM 3YUTYBAHHSA BIIMOBITHUX MapaMeTpiB 13 ¢uieni-mam'sti;

® BHUKOHAHHA MIANPOrpaM, TNPU3HAYEHUX JJII YCTAHOBKM BCIX mnepudepiiHux
OPUCTPOIB CXEMHU NO3MIIIOHEpAa y BUXIAHUN CTaH (OYMILEHHS IHJIUKATOPIB,
HiITBEPKCHHS KOMAH/IY 3YIIMHKY JBUTYHA TOIIIO...);

® BUKOHAHHA MIANPOTPAMU 3aMMyCKY CUCTEMHUX JIMWIbHUKIB-TAUMEP 1B 1 MEXaH BMY
niepepuBaHb MIKPOKOHTPOJIEpa.

Kpim KOoHCTaHT, sIKi, BIAMOBITHO JI0 CBOEI HA3BH, MPOTITOM yCHOTO Hacy poOOTH
Mporpamu HIKOJIM HE MIHSIOTHCS, Y IpOrpami icHyroTh 3MIHHL. [1i1 3MiHHOIO B porpami
po3ymieTbcs IM'st pericTpa, abo ampeca KOMIpKHA Tam'siTi, J€ B MPOIECI BUKOHAHHS
nmporpamMu Oyne THMYacoBO 30epiraTWicsl 3a3faleriipb HEBIIOMa BeIWYMHA, a0o
MIPOMDKHHUI pe3ysIbTaT 0OUUCIIEHb.

[Ticass BUKOHaHHS MOAYJS IHILiAIBalil mporpama MEepeXOauTh 10 OCHOBHOTO
HUKITy. Y bOMY UKL porpama rnepedyBae yBeCh 4ac, MOKU BKIIIOUCHE KUBIICHHS.

[lepmioro 4acTHHOKO HAIIOTO TPOEKTY OYyJ0 HAMMCAHHS TEKCTY MpOTrpamMu IJis
MEPIIOTO MIKPOKOHTPOJIEPA, LIO0 BUKOHYE (PYHKLIIO OJEp>KaHHS JaHUX 3 MPHUCTPOIB
DS18B20 x2, a Takok 00poOKy Ta nepeaauy nqanux Ha apyruii MK.

HaBenennii HuX4e MOIyJIb MPOTpaMH 3AIMCHIOE  IHIIaTBBaIlil0 TMOPTIB
MmikpokoHTposepa PIC16F689 ta monyns UART:

#include "MK _init.h"

/[---- oruc QYHKITH -------==-=-==-=-------

void MK _init(void)

{

/[--HanamryBanss nmopti--//

TRISA=1,;

TRISC=0;

TRISB4=1; // 3 BuBin mopTa Ay yntanHs gaHux 3 nepmoro DS18B20
TRISB5=1; // 4 BuBin nopTa Ay unTaHHs AaHux 3 apyroro DS18B20
TRISB7=0;//7 BuBin nopta ninst mepenadi qanux Ha 2 MK 3a mpoTokoioMm

Hactymawmii ¢pparmenT komy 3aiMcHIOE iHiian3aniro perictpis moayiast UART:
TXREG=0;//perictp npuitomy

RCREG=0;//pericTp npuiiomy
/[-----SPBRG-----------

SYNC=0;//acunxpoHuii pexum
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TX9=0;// poboTa 9-T1 OITHOT NOCHIIKU
TXEN=1;//n103B11 BKIFOUEHHS ITepeaaBaya
[[------ RCSTA-------=-mmemm-

RX9=0;//mo3B11 pob0oTH 9-TH OITPHOI MOCUITKU
CREN=1;//n03Bin BKItOYEHHS TIepeaaBaya
SPEN=1;//sxmouenns moayns UART

}

[Ticas HiMianB3ani MU BUKOHYEMO HAlMCaHHS KEpYKUoi Hporpamu y Qaiini
main.c :

unsigned int ID_1;
unsigned int ID_2;

/|---- OCHOBHA ITPOIPAMA ------n- =z mmmm -
void main(void)

{

MK _init();

Hactynuuit ¢parment 3aiiicHioe unutanHs ineHtudikaropis npuctpoiB DS18B20 Ha
JHI:
ds18b20 _init();//migxrouaemo ¢yukiiro iHimiaazani DS 18B20
ds18b20_trans(Read_ROM);//3BepHeHHs 10 yCiX MPUCTPOIB HA IIUHI
ID_1=ds18b20 receive();//[anTanHs agpecu MpUCTPOIO
ID_2=ds18b20 receive(); /[autanHs agpecu MPUCTPOIO

Jlai Mu 3BepTaEMOCH JI0 TIEPITIOTO MPHUCTPOIO 3a Horo aapecoro “017:

if (ID_1==01){

ds18b20 _init();//migxrodaemo ¢yukiiro iHimiaazani DS 18B20

ds18b20 trans(Srch_ ROM);//3BepHeHHS 10 MEPIIOr0 IPUCTPOIO HA IIMHI

ds18b20_trans(Adc_strt);// 3amyckaeMoO KOHBEpTAIIiFO TEMIIEpaTypu

__delay _ms(750); //3aTprmMka 111 KOPEKTHOI pOOOTH

ds18b20 init();

ds18b20 trans(Skip_ ROM);

ds18b20 trans(Read RAM); /*3unTyemMo 3MiCT mam'sTi MPUCTPOIB, MO MAKIIOYEHI
JI0 HaIIOro MIKpOKOHTpoJiepa™/

DS _t 1=ds18b20 receive();//3amuc naHux y 3MiHHY

}

Tenep 3BepTaeMOCh A0 IPYroro NpUCTPOIO 3a Moro aapecoro “027:
if (ID_2==02){
ds18b20 init();//migkarouaemo ¢yukiio iHimiaazani DS18B20
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ds18b20 trans(Srch_ROM);//3BepHeHHS 10 TIEPIIOTO MPUCTPOIO HA IIKHI

ds18b20 trans(Adc_strt);// 3amyckaeMo KOHBEPTAILLIIO TEMIIEPATYPH

__delay_ms(750); //3atpumMka a1t KOpEKTHOT pOOOTH

ds18b20 init();

ds18b20 trans(Skip_ ROM);

ds18b20 trans(Read RAM); /*3uuTyemMo 3MicCT mam'sTi MPUCTPOIB, IO MAKIIOYEHI
710 HAITIOro MIKpOKOHTpoJiepa™/

DS _t 2=ds18b20 receive();//3amuc qaHux y 3MiHHY

}
while(2) {

Jlani 3a1iicHIOETBC ST 00pOoOKa JaHUX JJIs TIepenadl Ha APYTHil MIKPOKOHTPOJIEp:
ds18b20 init();
ds18b20_trans(0xCC);// mpomyckaemo ineHTHDIKAIIiFO
ds18b20_trans(0x44);// 3anyckaeMo KOHBEPTAILIO TEMIIEpATypH
__delay_ms(750);
ds18b20 _init();
ds18b20_trans(OXxCC); //3H0BYy mpoImycKaemo imeHTH]IKAIiFo
ds18b20 trans(OxBE);//Ta 3aificHi0eMO YuTaHHS pericTpa

[Ticnss woro mu 3amucyeMo KoHBepToBaHi Temmeparypu y 3miHHI T 1, T 2 Ta
niepenaeMo Ha apyruii MK:

T 1=receive();

T _1=T 1>>4,

TI=T_1<<12;

uart_trans(T_1);//nepenaua ganux

T_2=receive();

T 2=T 2>>4;

TI=ET 2<<12;
uart_trans(T_2);//nepenaua ganux

}
}

JIpyroro 4YacTHHOIO HAIIOr0 TPOEKTy OyJo HAamMCaHHS TEKCTY MPOTpaMH JIJIs
JPYroro MIKpOKOHTpOJIepa, 10 BUKOHYE (DYHKITIIO oJiepKaHHs naHuX 3 nepmoro MK Tta
BHBOJINTH OTpHMaHi jaHi Ha 2-psiakoBuii PKI.

HaBenenuii HmwK4ye MOIynb TIpOrpamMu 3AICHIOE IHIIaT3aIil0 IMOPTIB
MmikpokoHTposepa PIC16F884 ta monyns UART:

#include "MK init.n"

//---- ontric PYHKITIHA ----------=-==--==-=---
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void MK _init(void)
{

//--HanamrryBanus moptis--//

TRISA=0;

TRISB=0; /[mopt nyis BuBeacHHs cuMBoJiiB Ha PKI
TRISD=0; //mopT nys xepyBanns PKI
TRISC7=1;//BuBin nputiomy nanux Bix nepmoro MK

HacTtynnuil pparMeHT kony 3A41MCHIOE IHian3aiito perictpis Moayist UART:
I--—--- UART----------
TXREG=0;//perictp npuitomy
RCREG=0;//perictp npuitomy
/[-----SPBRG-----------
SPBRG=25;
/------ TXSTA---------
BRGH=1;
SYNC=0;//acuaxponuii pexxum
TX9=0;// poboTa 9-Ti 6ITHOT MOCUIIKU
TXEN=1;//103B11 BKIFOUEHHS ITepeaBaya
------ RCST A-----=-=mnmeeee
RX9=0;//m03B11 poboTH 9-TH OITPHOI MOCUIIKH
CREN=1;//n03Bi1 BKIIOYCHHS TICpe1aBaya
SPEN=1;//sxmouenns moayns UART

}

[Ticns iHiiamBami MU 3IIMCHYEMO HAIMCaHHS Kepyrodoi mporpamu y daiiti
main.c :

void main(void) {
MK _init(); //momyms HimiaaBamni MK
Icd_init(); /moayns imiianizarii PKI

Pobumo mianky-3aroToBKy /i BUBEACHHS NOTPIOHOT HAM 1HAMKALIT :

Icd_pos(0,0);

lcd_str("T1= "),

Icd_pos(0,1);

lcd_str("T2= "),
while(1) {

//BukoHYyeMO 3unTyBaHHs AaHuX 3 repiroro MK npo temneparypy 3 DS18B20 x2:
T 1= getch();



T 2= getch();

Hactynuuit dparment 3aiiicHioe BuBeneHHs Ha PKI:
Icd_pos(4,0);
Icd_dat(T 1);

Icd_pos(4,1);
Icd_dat(T 2);
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BUCHOBKUA

B mpormeci KypcoBOro mpOEKTYBaHHS PO3TISIHYTO MPUHIUIKA PO E€KTYBAHHS
OpUCTPOiB 1 cCHCTEM, IO TMOOyIOBaHI 3 BUKOPUCTAHHSIM OJHOKPUCTAIHLHUX
MIKpOoKOHTposepB ¢ipmu Microchip. Ilin yac BUKOHAHHSA NPOEKTYBaHHS 3A1MCHEHO
3aKpIUICHHS TEOPETUYHUX 3HAaHb Ta NPAKTUIHUX HABUYOK I10 peajii3allil eTamiB
MPOCKTYBaHHA. Y3arajlbHEHO TEXHIYHMM Marepian sl ¢opMyBaHHS OCHOBHOI 1€l
MPOEKTYBAHHSA. 3AIMCHEHO aHAJI3 BXIAHUX JaHUX, OOTPYHTYBaHHS 1 CUHTE3 CTPYKTYPHOL
cxeMu. JleTanmbHO PpO3TISIHYTO CKJIQJOB1 amaparHoi 4YacTUHU 1X MPU3HAYEHHS 1
ocobmmBocTI (pyHKIIOHYBaHHS. [IpoaHam3oBaHO JOKYMEHTAIIIO, IO OIHUCYE POOOTY
ckianoBux By3aiB MKC. Ha 0CHOBI IMX JaHUX OMKCAHO Ta CIIPOEKTOBAHO MPUHIIUIIOBY
CXEMY Ta aJlTOPUTM POOOTH.

Jnst moOynoBu OJIOK-CXEM, AITOPUTMIB Ta MNPUHIUIOBUX CXEM 3aKPIIJICHO
HaBUYKU poOOTH 3 mporpamoro sPlan. JIis HamucaHHS 1 BIAro KEHHS MIPOTPaMHOTO
3a0e3neueHHs] BUKOPHUCTaHO cepefoBuine po3podoku MPLAB 8.92. V  upomy
CepeIOBHILI CTBOPEHO MPOEKT, HAMKMCAHO TEKCT MPOrpaMu 3 BUKOPHUCTAHHSIM MOBH C, i
3aiicHeHo koMmupinio y hex-gaiin. CepenoBuiie po3poOKH MOXKE BUKOPHUCTOBYBATHUCH
pa3oM 3 MporpamaTopaMy JJisl 3aIiCy TOTOBOTO BUXIAHOTO KOAY NMPOIIMBKH y HaM'sITh
porpamMu BUOPaHOTO MIKPOKOHTpOJepa.

[Ipu HanucaHHi TeKCTy nporpamMu c(hopMOBAaHO 3HAYEHHS pericTpa KOHDIrypari
3a JaHUMHU JOKYMEHTallii BUPOOHHWKA, OMHCAHO PEriCTpH ChelialbHuX (YHKIIH Ta
3araJibHOTO MPU3HAY CHHSL.

[IpoBeneHo iHiiaN3aIlil0 MIKpOKOHTPOJIEpa, HOTO BY3JIIB Ta MOIYJIIB.

Jna 3abe3nedeHHs poOOTH nepudepliiHUX NPUCTPOIB 3AIMCHEHO KEepyBaHHS,
NpUIOM Ta TMiepeqada JaHuX 3 IPUCTPOIB BBEJECHHS Ta O MPUCTPOiB BUBEIACHHS 3TTHO
BapiaHTy.

VY pobouiit yactuni 3a6e3neueHo GpyHkiionyBanHss MKC 3rinHo BapiaHTy.

KypcoBuii npoekt Moke OyTH OCHOBOIO PO3POOKH KEpPYyHOUOi CHCTEMHU 300Dy
JAQHUX YU CUCTEMH KEPYBaHHS Ta KOHTPOJIIO 32 BUKOHAHHSAM 3aB/1aHb.
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