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BCTVII
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1.1 Ananiz 3aBgaHHs Ta CUHTE3 CTPYKTypHOi cxemu MKC
1.2 O6rpyHTyBaHHs BUOOPY MIKPOKOHTPOJIEPIB
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PED®EPAT

TekcToBa yacTUHA KypCOBOTO MPO€EKTY: 36 CTOpiHOK, 16 pUCYHKIB, 3 TaOIMIIb
Ta 8 MOCUIJIaHb.

OO0’ exT mpoekTyBaHHA - “Cuctema moHrropunry U ta T”.

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

Pesynbrar pobOTH Ham KypcOBHM TIPOEKTOM TIOKa3aB, IO 3aBISKU
BUKOPHUCTAHHIO JIBOX MPOCTUX MIKPOKOHTPOJEPIB Ta MOAYJS PEATbHOTO Yacy MOKHA
CTBOPHUTH MOBHOIIIHHY CUCTEMY MOHITOPUHTY TEMIIEpaTypH.

MK, MCP3001, UART, 1-psnxosuii PKI, SPLAN, MPLAB IDE.
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12C Inter-Integrated Circuit (MikiHTerpasbHa 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 npucTtaBkax 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 CKOpOUCHIM KiTbKOoCTi komaHn (Bim 33 10 35) yci KomaHIu 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 3amam’STOBYBJIbHUI MPUCTPIi BUKOHAHO 32 CXEMOIO 3 JOBUILHOIO
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 Bxogax. 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’ STOBYIOUUN TPUCTPiN) 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, KOHTpOJEpH MarOTh BiA OJAHOrO J0 TPhOX TailMepiB, 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. KinbkicTs po3psniB mopTiB — 12-33. Koxxuuii po3psia
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
JIBOHANpPSIMJICHUH CHUHXpOHHHI mopT 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 npoexTyBanH1 MiIKpoKoHTpoJepHux npuctpoiB (MKII) ado 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 YABJICHHS, IO BlioOpaxae
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 pIBHI (DOPMYJIIOBATH 1 BUPINIYBaTH 3aJadi JOMYCTHMO1 CKJIQIHOCTI, IO
HiIAAI0ThCSl YCBIIOMJICHHIO M PO3YMIHHIO JIFOAMHOK Ta PIIICHHIO 32 JIOMOMOTOIO
TocTymHHX 3aco0iB. [lepeBarn Takoro maxomy MOJATalOTh B TOMY, IO CKJIaJHA
3a/1aya BEJIMKOI PO3MIPHOCTI PO30MBAEThCA HA TPYMHH 33]a4 Majioi pO3MIPHOCTI, SAKi
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
pPO3YMIIOTh CKJIQJIOBY YaCTHHY CXEMH: €JIEeMEHT, MPUCTPIM, (PYHKUIOHAIbHY TpPYITY,
(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 CXeMHU MOBMHHO OyTH 3pO3yMUIO, HABIIO MOTPIOHWHA JaHWI
OPUCTPIA 1 AK BIH IpAallO€ B OCHOBHUX PEXMMax pOOOTH, SK B3aEMOJIOTH HOTO
yacTuHU. [l03HAaYEHHS €1eMEHTIB CTPYKTYPHOI CXEMH MOXKYTh OOMPAaTUCh JTOBUIHHO,
X04a 3araJlbHONMPUHHATHX TIPaBUJI BUKOHAHHS CXEM CJIIT JOTPUMYBATHCHh.

O0’€KTOM JOCIAKEHHS TAHOTO KYpCOBOTO MPOEKTYy € CUCTEMAa MOHITOPUHTY
U ta T, mwo npairoe Ha oHOBI1 2 MikpokoHTpoJiepax PIC16F873, PIC16F874.

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

Busin iHopmartii 311CHIOBATUMETHCS Ye€pe3 OTHOPSIKOBUN
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 BIANOBIAAaE 3a 34uTyBaHHS 1HMopwmari. 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.



MCP3001

PIC16F873

DS18B20

PIC16F874 L o PKL 1pmx ]

Pucynok 1.1 - CtpykrypHa cxema Cucrema moHitopunry U ta T

1.2 Bu6ip MikpoKkoHTpoJiepiB Ta aHAJI3 iX mapamMeTpiB

B ocrtanni poxu mpu po3po6ui CHCTEM KepyBaHHS BCE€ OUIbIIe yBaru
NPUIUILETHCS MIKPOKOHTpOJIEpHii TexHiri. [le moB's3ano 3 11 OypXJIMBUM PO3BUTKOM
1 [MPOKUM  aCOPTUMEHTOM  MPOMOHOBAaHOI  MPOAYKIi.  Bukopuctanus
MIKpOKOHTPOJIEPIB JI03BOJISIE KOHCTPYIOBATU MPUCTPOi 3 HEBEIMKUMU rabapuramu,
0 € BITHOCHO JICIICBMMH, NMPOCTHMH 1 HATIMHUMH, CYMICHUMH 3 TICPCOHATBHUM
KOMIT'FOTEPOM U€pe3 CTaHIAPTHI IHTEpPeicH.

OcHoBHa MeTa mpu BHOOpI MleOKOHTpOJIepa - O6paTH MleOKOHTpOJIep 3
MIHIMaJbHOIO IIHOIO, ajJe€ B TOM € dYac BIH NOBUHEH BIIMOBIIATH BHMOTaM
IPOIYKTUBHOCTI, HAIMHOCTI, yMOBaM 3aCTOCYBaHHsI, TOIIIO.

HacTynHuii kpox npu BHOOpP1 MIKpOKOHTpOJIepa — TNOIIYK MOJENEH, sKi
3a/I0BOJIbHSIOTh CUCTEMHHUM BUMOraMm. BiH BKiIIouae minOip jirepaTypH, TEXHIUHHUX
OTHCIB 1 TEXHIYHUX KOMEPIIAHUX KYpPHATIB, a TAKOX JEMOHCTpAIliHI KOHCYNbTAIIii.
OcTanHs cTajisi BUOOPY CKIATAETHCS 3 KUTbKOX €TariB, MeTa SIKUX - 3BY3UTH CIHCOK
NPUINHATHUX MIKPOKOHTPOJIEPIB 10 oAHOTO. LI eranu BKIHOYaOTh B ce0e aHaii3 I[1HHU,
JIOCTYITHOCTI, 3ac001B pO3pOOKH, MIATPUMKHA BUPOOHHUKA, CTAOUTLHOCTI Ta HASBHOCTI
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HIIMX BUPOOHUKIB. [IpOBeneHHSI CUCTEMHOIO aHAJ3y MPOEKTY J103BOJISIE BUSHAYUTH
BHMOTH JI0 MIKpOKOHTpOJIepa:
® PO3PSAHICTH OOYHCTIOBAIILHOTO S/IPA;
e HalOIp BOymoBaHUX nepudepitHnX mpucTpoiB (Taiimepu, AL Tomo...);
e amapaTHa opraHiaiiss oOpoOKH [aHuX (CTPYKTypa MAIIMHHOTO ITUKITY,
cmiBBigHOIICHHS TakTiB ['T1 1 MalMHHUX TUKITIB);
® MOXKJIMBICTH POOOTH IO TIEPEPUBAHHIO, 32 30BHIIIHIMUA CUTHAJIAMU TOTOBHOCTI
a00 10 KOMaHgaM JIOIUHU,
® KUIbKICTh KEPOBAaHMX TIOPTIB BBEICHHSA/BUBOAY, XapakTep Iepemadi -
OaiiT abo OiT, MpoTrpaMHe HANAMTYBAHHS HANPSMKY Iepeaadi,
® TUI MIPUCTPOIB BBEJICHHS/BUBO1Y, IKUMH MIOBUHEH KEPyBaTH OOUPAIOTh MIKPO -

KOHTpOJIEp B MPOEKTOBAHIM CUCTEeMi (TepMiHAJM, BUMHKadl, peje, KIaBIIIi,

naBadi, UQPPOBI IPUCTPOI BI3yalbHOI HAMKAI, aHAIOro-1U(poBl i mudpo-

aHAJIOTOBI TIEPETBOPIOBAY1, MOIYJIITOPH TOIIIO );

® IMATPHMYBaHI CIIOCOOM 3aBaHTAKEHHS TMpOrpaM B MIKPOKOHTpOJIEp, -
MOXJIMBICTh BHYTpIIHbOCHUCTEMHOTO TporpamyBaHHs (ISP), BuxopucTanus
npu 1boMy cTangapTuzoBanux Hrepdeiics (SPI, 12C);

® KUIbKICTh 1 TUIT HAIPYTH JKUBJICHHS;

e MajiorabapuTHI Ta €CTETUYHI 0OMEKEHHS;

® YMOBH HaBKOJIMIIHBHOTO CEPENOBHILA, HEOOXITHI JIJIsl eKCIUTyaTallii.

Mikpokontponepu  PIC16F873 ta  PICI6F874  maroTh  pexuMu
€HEepPro30epeKeHHs 1 MOXKIIUBICTh 3aXUCTY KOAY MPOTPAMH.

VY MikpokoHTposiepu BOynoBaHul cToposkoBuii Taiimep WDT, skuii moxe
OyTH BUMKHEHUU TUIbKM B OiTax KOHQIrypaiii MIKpoKoHTpoJiepa. i migBUIIEHHS
HaJIMHOCTI cTopoxoBui Taiimep WDT mae Bmacauit RC reneparop.

JonarkoBux JBa TaliMepa BUKOHYIOTh 3aTpUMKY CTapTy poOOTH
MIKpoKoHTposiepa. llepumii, Taiimep 3amycky reHeparopa (OST), yrpumye
MIKPOKOHTPOJIEpP B CTaHl CKHJIAHHSA, NMOKUM HE CTaOUIBYeThCS 4acTOTa TaKTOBOTO
reHeparopa. Jpyruhi, taiimep BikmoueHHs xkuBjieHHS (PWRT), cnparmpoBye micis
BKJIFOUEHHSI JKUBJICHHSI 1 YTPUMY€E MIKpOKOHTPOJIEP B CTaHI CKUJAHHS MTPOTATOM 72MC
(TMIIOBE 3HAUEHHA), MOKUM HE CTaOUIBYEThCS Hampyra >KMBJICHHS. Y OUIBLIOCTI
nojaTkiB 1l (yHKIIi MIKPOKOHTpOJIEpa M03BOJIIIOTH BUKIIOUUTH 30BHIIIHI CXEMH
CKUJJAHHSL.

Pexum SLEEP NPU3HAYEHUN JJIsT 3a0e31eyeHHs HaJJHU3bKOTO
eHeprocnokuBaHHs. MIKpOKOHTpoJep Moxke BUHTH 3 pexumy SLEEP no curnamy
30BHIIIHBOTO CKHWIAHHS, IO TEPEMOBHEHHIO CTOPOXOBOro TaliMepa abo mpu
BUHUKHEHHI IEpEPUBAHb.

Bubip pexxumy poOOTH TaKTOBOIO TIeHEpaTtopa J03BOJIIE BHUKOPHUCTOBYBATU
MlI(pOKOHTpOJIepI/I B pBBHUX JoaaTrkax. Pexxum takroBoro reHeparopa RC no3Bosise
3MEHIIMTH BapTICTh MPUCTPOIO, a pekuM LP 3HMBUTH eHeprocmokuBaHHsS. bitu
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KOH(Irypaiii MIKpOKOHTpOJIEpa BUKOPHUCTOBYIOTHCA JJII BKAa3IBKU PEXKUMY HOTO
poboTH.

1.3 Onnc nepudepiiHUX NPUCTPOIB Ta podOTA 3 HUMHU

1.3.1 JaBau Temnepatypu DS18B20

[Mudposuit TepmogaBau dipmu DALLAS-MAXIMDS18B20 - ne mudposuit
BHUMIPIOBAY TEMIIEPATYPH, 3 IEPETBOPEHHAM 9 - 12 po3psiaiB 1 GYHKIIIEI0 TPUBOKHOTO
CUrHATy KOHTPOJIIO 32 TEMIIEPATYPOIO. [Tapamerpu KOHTpOJIIO MOXYTb OYyTH 3a/1aHi
KOpUCTYBadeM 1 30epekeHI B CHEpProHe3aIekHIM mam'ati gaBada. DS18B20
OOMIHIOETBCS JaHUMH 3 MIKPOKOHTPOJEPOM OJHOTMPOBIAHOIO JIHIEIO 3B'S3KY,
BUKOPHUCTOBYIOUM TPOTOKOJ iHTepdericy 1-Wire. Jliama3oH BUMIpIOBaHHS
TEMIepaTypu CTaHOBUTH Bif -55 mo +125 ° C.Jlna mianazony Big -10 mo +85 ° C
noxubka He mepesuirye 0,5 ° C. YV koxnoi mikpocxemu DS18B20 € yHikanmbHHIA
CepiiHMIA KOJ IOBXHHOIO 64 po3psiau, SIKUH JI03BOJISIE JCKUIBKOM J1aBadam
MIIKTIOYaTUCS Ha OJHY 3arajibHy JIHIO 3B's3Ky. ToOTo Yepe3 OaWH MOPT
MIKpOKOHTpOJIEpa MO>KHAa OOMIHIOBAaTUCS JAaHUMU 3 JICKUIbKOMA JiaBadyaMu,
PO3IUICHUMH Ha 3HA4YHIA BiNCTaHL 3O0BHINHIA BUTJSA 1 NMPU3HAYCHHS BUBOJIB
HaBE/ICH1 y OIMUC1 BUPOOHHUKA.

Ha pucynky 1.2 naBegena Oiok-cxema nartuumka DS18B20. 64-6itamii 1311
(ROM) 306¢epirae yHiIKaTbHUHN CEPIMHUN KO IPHUCTPOIO.

Vey

47K CXEMA JOTHRA
MAPAZIWTHOMO NMAHMA -‘—.- YTIPABRTEHHA DS1 BBZD
TAMATRID
= s g
ba v
H OATUMK TEMMEPATYPhLI |
BHYTP. V B4-BHT ROM
fud M ‘_’I BEPXHWM NOPOL (T,.) |
GND I . Yowire MIOPT e PETWUCTP (EEPROM)
PR i -
(SCRATCHPAD) HVGAHMA NOPOT (T}
PEFMWCTP {EEPROM)
TATUAK ‘_.‘l FE‘HCTI:Egl-cnqérmenmm |
Vop Ik TTMTAH .
uA
-‘-"l FEHEPATOP 8-5MT CRC |

Pucynok 1.2- biok-cxema DS 18B20

OcnoBHa ¢ynkmis DSI18B20 - mneperBopeHHs TeMmIepaTypu JaBadya B
mudposuit  kona. [lpy BKIIOYEHHI JKHUBIICHHS, CTaH pericTpa KoH(Iryparrii
BCTaHOBIIOeThcst Ha 12 Oir. 1Ilo6 iHIIFOBaTM BUMIPIOBAaHHA TEMIIEpaTypu
MIKpOKOHTpPOJIEp TOBUHEH TOJaTH KOMaHIy TNEpeTBOpPEHHs TemIeparypu [44h].
[Ticnss 3aBeplIeHHST NMEPETBOPEHHS, PE3YJIbTAT BHUMIPIOBAHHS TeMIlepaTypu Oyne
3HAXOJWUTHUCSA B 2 OaiiTax perictpa TeMmmeparypd, 1 JaBad 3HOBY Iepelae B CTaH
criokoro. DS18B20 Bumiproe Temmeparypy B Tpaaycax 3a Imkamoro I[lembcis.
Pe3ynpTar BUMIpIOBaHHS TIPEACTABISIETHCS SK 16-po3psiHE, 3HAKOBE YHUCIO B
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nonarkoBomy kojl. bir 3naka (S) gopiBHIOe «O» 1Jsi qomatHIX yucen 1 «1» s
BII  €EMHUX.
OrnepaTuBHA 11aM ‘SITh MITHTb :
® 3HAYEHHS BUMIPSIHOI TeMrieparypu (2 Oaiita);
® BEPXHIM 1 HMKHIM MOPOTOBI 3HAUEHHS CIPAIIOBAaHHS CUTHAITy TPUBOTHU
(Th, TI);

e perictp koHpiryparii (1 GaiiT);

e reHepatop 8-61rHoT CRC.

Oprananis mam'sti DS18B20 mokazana Ha pucysky 1.3. Bona Bkmouae B
cebe omneparuBHy (SRAM) 1 enepronesanexny (EEPROM) nam'ste. ¥ EEPROM
30epiratotbest perictpu Th, T1 1 perictp kondiryparii. Ko (yHKIIST TPUBOKHOTO
CUTHAJTy HE BUKOPUCTOBYETHCS, TO perictpu Th 1 Tl MOXyTh BUKOPUCTOBYBATHCS SIK
PETICTPH 3araJIbHOTO NMPU3HAYEHHSL.

Gaiir 0 | Temnepatypa ma. (50h) }(85“0)_ e
Gaitr 1 | Temnepatypa ct.  (05h)

gaitr 2 | Tr Perictpl * 4—p | Ty Perictp

Gaitr 3 | To Perictp2 * <«—» | Ty Perictp

Gaiir 4 | Perictp kondirypamii * <4—>» | Perictp xordirypauii

Gaitr 5 | 3apesepeoBaHHid (FFh)

Gaiir 6 | 3ape3epeoeaHuil (0Ch)

Gaiir 7 | Jape3epBoBaHuii (10h)

Gaiir & | Llvsoriaami ko CRC*

Pucynoxk 1.3 - Kapta mam‘siti DS18B20

baiit 4 nmam'siTi e perictp koH¢irypaui. biramu RO, R1 MoxHa BcTaHOBUTH
PO3IIMpPEHHS 15 TIEPETBOPEHHS Temneparypu. [Ipu BKIIIOUCHHI )KUBJICHHS CTaH OITIB
RO, R1 = 11, mo BinnoBinae po3mmpento B 12 6ir. Tpedba mam'sitaTy, 110 iICHY€E mpsimMa
3QJICKHICTh 4acy IMEpEeTBOPEHHs Big po3avbHOI 3aartHocTi. bitm 7 1 0 — 4
3ape3epBOBaHI, BOHM HE MOKYTh BUKOPHUCTOBYBATHUCS 1 TPU YUTAHHI TOBEPTAIOTH 1.

Tabmausa 1.1 - Koan koH}IrypyBaHHS pO3MIMPEHHS MEPETBOPEHHS
TeMIeparypu
R1 RO Pozumpenss Yac nepeTBopeHHs
0 0 9-O1r 93.75Mc (teon/8)
0 1 10-01r 187. 5mc (teon/4)
1 0 11-61r 375MC (teon/2)
1 1 12-61r 750MmcC (teony)

VY tabmuui 1.1 noka3aHi npukiIaau BIANOBITHOCTI HM(POBUX KOAIB 3HAUECHHSAM
TEMIEPATYPH.
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g oOuucIeHHs TeMIepaTypu HE0OXiIHO:

e 1pu jgonaTHoMy 3HaueHHI (S = () Kox mepeBecTH B JECATKOBHM 1
nmoMHoxutH Ha 0,0625 ° C;

e 1Ipu Big'eMHOMY 3HadeHHI (S = 1) - mepeBecT 0OEpHEHUIA KOJI B MPSMHIA.
Jlna uporo Tpeba iHBEpPTYBAaTH KOKEH PO3psi ABIIKOBOrO Koay i goaaru 1.
A TOTIM TIepeBeCTH B JE€CATKOBUI 1 mOMHOkUTH Ha 0,0625 ° C.

[Tam'siTh BKITFOUaE B ceOe oneparuBHY (SRAM) 1 enepronezanexny (EEPROM)
nam'site. Y EEPROM 36epiratrotses perictpu TH, TL 1 perictp xoudirypartii. ko
(GYHKIISI TPUBOXKHOTO CUTHAITy HE BUKOPUCTOBYeThCs, TO perictpu TH 1 TL MoxyTh
BUKOPHUCTOBYBATHCS SIK PEriCTPH 3aralIbHOTO MPU3HAYCHHS.

B 6aiitax 3 agpecamu 0 1 1 30epiraroThCsi MOJIOJIIHIA 1 CTApIIUi OATH pericTpa
BUMIpsHOI Temmeparypu. Lli 6aiiTu qocTymHl TUIBKKA JUIT YUTaHHS. 26 1 31 OalTH -
TH 1 TL perictpu. 4 baiit - perictp koHdirypauii. baiitu 5, 6, 7 3ape3epBoBaHi, He
MOXYTh OyTH 3amuCaHi i, IpM YWUTaHHI, 3aBXKIU NOBepTaoTh 1. 8 ballT nocTymHi
TUTbKU 1711 9uTaHHA. BiH mictute mukmuanid konx (CRC) s mepmmx BOCEMH
OaifTIB.

3anuc gaHux B Oaiftax 2, 3 14 BigOyBaeThCsl KOMaHAO0 3anucy nam’sti [4Eh].
JlaH1 OBMHH1 NIEpe1aBaTUCs, MOYMHAOYH 3 MOJIOAIOro Oita Oaiita 2. /[ nepeBipku
3amucy JaHUX MOXKHA MPOYUTATH TaM'sTh KOMAaHJOI YuTaHHsA mam siTi [kog BEh].
[Tpu yuTaHH1 7aH1 EpEaaOTHCS TI0 MIKHI, B TTOCTITOBHOCTI ITOYWHAKOYH 3 MOJIOIIIIOTO
ora Oaitra 0. 3amuc Janux TH, TL 1 perictpa kondirypauii B EEPROM
BiOyBaeTbcsa KomaHaow [48h]. Ilpu BK/IIOYEHH! >KUBJICHHSA JaHl 3 HE3aIEKHOI
nam'ati EEPROM mnepeBantaxyrotbcss B onepatuBHid mam'sti (SRAM). Benyuwmii
NpUCTPid TIOBMHEH KOHTPOJIIOBATH CTAaH IIWHHU, MO0 BW3HAYWUTH 3aBEPIICHHS
nepezaBaHTakeHHs. CIIOT YUTaHHS HU3BKOTO PIBHS O3HAYaE, MO TIepe3aBaHTAKEHHS
e He 3akiHuwiock. [lo 3aBepmeHHI0 nepezaBantaxkeHHs DS18B20 mepenae ciot
YUTAHHS.

1.3.2 PinkokpucrtasivyHi ajapaBiTHO-CUMBOJIbHI iHINKATOPH
PKI 13 3HakoCHMHTE3yIOUMM KOHTPOJIEPOM YacTO BHUKOPUCTOBYIOTHCS THPHU
MPOEKTYyBaHHI MU(PPOBUX TPHUCTPOIB.

PK - naHens BL+
I I I I I E I [ I I I I BL-
—i— Vo
a1 Opaiieepu VCC
KoHTponep GND
\ A \
8 _+
V

DBO-DB7 RS R/W E
Pucynok 1.4 — Ctpykrypna cxema PKI
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OcHoBoto PKI € matputis 3 pigkux KpUCTaliB, MOJAI0YH HAMIPYTY HA €JIEMEHTH
SKOI MOJKHa '"3aCBITUTH'" KpanKy Ha eKpaHl. MaTpuis CKIaJZacTbCs 13 3HAKOMICITh
(maiiuactime 5*8 mikcenis), 3rPYNOBAHKX Y KUTbKa p;unclB [Mum xepye BOym0BaHMIA
koHTposep PKI. B kepye mikcemsimu PK — nucruiero 1 iHTEppEHCHOIO 4acTHHOIO
HIUKATOPY.

Pinkokpuctamunai  3HakoimmdpoBl  Tabmo  HajgekaTh A0  HAHOUIBII
PO3TOBCIOKEHUX TUITB iHAUKAaTOpiB. L1 iHauKaTopu OyBaroth 1,2,4 cTpaKOBUMHA. Y
ctpiuut 8, 12, 16, 20, 24, 40 cumBOJIB, KOXHHUWA 3 SIKUX (OPMYeTbCA HIpUPTOM
dbopmary 5*8 abo 5*11 mikcenis.

3aBoaHHA MIIKIIOYECHHS 3BOJMTHECS 10 OpTaHizamii oOMIHYy JaHUMH MDK
MIKPOKOHTPOJIEPOM Ta BOYIOBaHUM KOHTpoJsiepoM. Huxkde mokazani npukiaa cxeMu
MIKTFOYEHHS JIJI1 BOCbMHOITHOTO THTEpeEicy.

[nrepdetic mae Bicim iHbopmaniiinux niHiid: DB7..DB0 1 Tpu kepyrounx: RS,
R/W, E. Jlinia RS BusHauae no sxoro perictpy koHtposiepa PKI mu mparnemo
3BEPHYTHUCS, TOOTO SIKY HPOpMAaIIK0 MU NepeaaeMo - faHi abo komanau. Jlnis R/W
BU3Ha4Yae HanpsMok mepenadi nanux - 3anuc y PKI abo uwranns 3 PKI. Jlnig E
BKJIIOYA€E (KOJM Ha JIHII BUCOKUU PIBEHb) a00 BUKIIOYAE (KOJM HA JIHI HU3bKUI
piBeHb) mepemady iHbopMalli, cpopMoBaHOI Ha IHIMX IHTEPPEHCHUX JHIAX.
OcCHOBHI MapaMeTpu HaBeJEH1 y TEXHIYHIN JIiTeparypi.

Irimianizamnis  PKI momsirae B mepemadi  JEKUTbKOX KOMaHA Yy TIEBHIM
nocaioBHOCTL. KimbKicTh KOMaHA iHIMiad3alii MoKe BIAPBHATHUCS B PIBHUX
koHTposnepiB. Ilim wac iHimianmizamii kpamie He aHanizyBatu mpamopens BUSY, a
YeKaTh BU3HAYCHUH 4yac Tepe]] MOCUIIKO0 HACTYITHOI KOMaHIH, TOMY IO Tpanoperb
BCTAHOBJIIOETHCS HE Bipa3y, a MiCJs MEBHOT KOMaHAW (AUB. natammr). [Himianizanis
PKI BUKOHY€TBCS aHAIIOTTYHO SIK JUIsl MApaJIENbHOTO HTEp(EiCy MIAKIOYEHHS TakK 1
11 iocmigoBrHoro (TimkmodeHast PKI mo 12C gu SPI).

Pi3aumg Mok 8-01rHUM Ta 4-0iTHUM 1HTEpdelcoM MoJsIrae Juilie B TOMY, 10
npu 4-0iTHIA mepenayl JaHWX HEoOXimHO mojaBatu curHamu RS, R/W sk gns
Mosioamioi Tak 1 ;s crapmoi Terpaau. Komanmm imimianizauii po6otu PKI
3QJIMIIAIOTHCS O THAKO BUMU.

VY PKI € 2 Bunu nmam'sati: DDRAM, CGRAM (CGROM). DDRAM - display
data RAM (mam'siTe aucmes) - Te, 11O 3alMcaHe B LI mam'ari, 0e3mocepenHbo
BinoOpakaerbcss Ha paucrei. Llg mam'sste mMae HacTynmHUM aapecHUd MTpocTip i
BIATIOBITHE BimoOpakeHHs Ha auctuiei ( auB. Tabmrs 1.5 ):

Tob6to, Te, mo 3amucane B DDRAM 3a anpecoro, Hampukiam, 42h, Oymae
BijoOpakarucs B TpeTid  MO3WINI  HA  JPYyroMy  pSAKY  JIUCILIES.

CGRAM (CGROM) - character generator RAM (ROM) - mnam'sth
3HaKoreHepatopa. [lam'ste 3HaKoreHnepatopa pozaiviena Ha CGRAM - noctynHa mis
3aMUCy/4UTaHHs, CIOAM MOXHa 3amuTh 8 cBoix BiracHuX cumBoiiB 1 CGROM -
JIOCTYITHA TUTLKH JJIsI YUTAHHS.
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Tabmus 1.2 - Ctpykrypa PKI-gucmiero

[lepumii psioox

Tloznmis

wpeopy| L | 2 | 3| 4| 5| 6] 78 9 |10 11 (12| 13| 14 | 15| 16

DDRAM
address | 000 [ 01h | 02h | 03h | 04h | 05h | 06h | O7h | 08h | O%h | OAN | 0Bh | OCh | ODh | OEh | OFh

JApyruii psok

Tlo3umis

kypeopy| 1 [ 2 | 3| 4| 5| 6 | 7| 8 9 |10 11 (12 | 13| 14 | 15| 16

DDRAM

address | 000 [ 01h | 02h | 03h | 04| 05h | O6h | O7h | 08h | O%h | OAN | 0Bh | OCh | ODh | OEh | OFh

1.3.3 Po6oTa 3 nporokosiom UART

UART (Universal Asynchronous Receiver Transmitter) mpezacrabisie co00io
VHIBEpCAIIbHUA  aCUHXPOHHMW mpuiiomonepenaBay. BiH npusHaueHuid s
NOCJIAOBHOI Tepenayl JaHuX. ['0JIOBHOIO OOJacTi0 3aCTOCYBaHHS ACHMHXPOHHOI
niepenadi JaHux, sk MPaBUIIO, € HE OOMIH JJaHUMU B CKJIaJll CXeMH, a KOMYHIKAIli MK
OJIoKaMu PO3AUICHUMH B TMPOCTOPL, SIKI MalOTh O3HAKW BJIACHOTO IHTEIIEKTY.
[IpukmagomM MOXe CITYKUTH 3B’ S30K MDK ITEPCOHATLHUM KOMIT FOTEPOM 1 IPUHTEPOM,
MOJIEMOM, TIPOTPaAMYIOYUM MIPUCTPOEM a0O0 PEriCTPaTopoOM JAaHUX.

[lpyn acuHXpOHHIN Tepenavi JaHUX TAaKTOBUW CHUTHAJ HE TIEPEIAETHCS Ha
BIIMIHY BiJ BUMAJIKy CHHXPOHHOI IMOCIMOBHOI Tiepeaadi nanux aepe3 SPI iTepdetic.
[le BuCyBae CTpOri BUMOTH JI0 PO3MOAUTY IHTEpBAIB 4acy B KaHalIaxX Iepeaadl Ta
IPUHOMY.

VY HaWmpoCTIIIOMY BUIAAKY JJIsI KOMYHIKAIlli MDK JBOMa MPUCTPOSIMH JOCUTH
MaTH IIPOCTE 3'€HAHHS 32 IOMTOMOTOI0 TPHOX JIHIN: TIepeIaroyi i MpUMMaroIbH1 JTIHIT
Tx0 11 Rx0, a TakoX JNHII 3a3eMJICHHS.

B cranmapti RS-232 Bu3HaueHi BUCOKHI 1 HU3bKUU piBeHb HANpyru. byio
npuitHATO, MmO B iHTepdeiici RS-232  Oynyre aiatu mudposi pisHi +3 1 -3B
(pucynok 1.9). Hanpyru Buie 3B npuitMaroTh 3a CUTHAJIM JIOTYHOTO HYJIS , a OYy/Ib -
K1 Hanpyru HWxk4e -3B — normHoto ogunuiero. Hanpyra B mianazoi Bin -3B 10 +3
BBKAETHCS CUTHATIAMU 0€3 3MICTY.

N L L 2 L

Pucynoxk 1.5 - Peananis iHTepdeiicy RS-232 Ha ¢pBuyHOMY piBHI
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[lo mpuuuHiI BIICYTHOCTI CHUHXpPOHI3alll, $Ka INOKa3ye IOYaTOK 1 KIHELb
KOJKHOTO OaiTy, OalT MaHWX NPUXOAUTHCS IMOYWHATH CTOMOBHM 1 3aKIHIYBaTH
ctaptoBuM Oitamu (pucyHok 1.10), mo0 mpuiiManbHi MPUCTPOi MOTIIM PO3MI3ZHABATH
NoYaroK 1 KiHelb nepenavi O6aity nanux. CTapToBUIl OIT 3HAXOAUTHCS HA MOYATKY
KOXKHOro Oaity. B 1iHil mepeaadi B peXuMl OUIKYBaHHsS Ji€ BUCOKHIl PIBEHb
Hanpyru. [Ipm BuBOmi Oaiita B JIiHIi BCTAHOBIIOETHCS HM3BKHM pIBEHBb. [HTEpBanm
CTapTOBOI'0 CUTHATY TaKUH K y OiTa JaHUuX.

BignoBinHO A0 BU3HAYEHHS CTaHnapTy V.24, y JiHIl nepenadi 1aHuX y CTaH1
OUIKyBaHHS BCTAaHOBJICHU piBeHb Jor. 1. Ilepenaya moske OyTu nouyara B Oyib -sIKU
MOMEHT 4yacy. J[ns Toro mo0 mnepenatd npuiiMady MOBIIOMIJIEHHS PO TOYaTOK
nepeaadl, MOCWIAEThCS cTapToBUi OIT 3 piBHeM Jor.0. Ilicas mporo mepenaroThes
po3psau maHux (y OUIBIIOCTI BUMAAKIB 7 a00 8, iXHE YMCJIO 3YMOBIIOETHCS B
OpOTOKOJI Mepenayi [JaHuX), NpU IBOMY CIOYaTKy TMEpPEeNaeTbCsl MOJIOAIINI
3HAYyIIUH OIT.

Jnst minBUINEHHS HAAIMHOCTI Tiepeaadl JaHuX MoXke OyTu JoJaHuii Oir
napHOCTL. BiT mapHOCTI TOMOBHIOE PO3PSAN NaHUX TaKUM YUHOM, IO JOCSTAETHCS
npsiMa MapHICTh (Cyma BCiX OITIB, BKJIIOUAIOUM OIT MApHOCTI, MapHUil) abo Hempsima
MapHIiCTh (CyMa BCIX OITIB, BKIOYAIOYM OIT MapHOCTI, HemapHa). HeoOXimHuil BU
NapHOCTI (BIACYTHICTh, MpsiMa YW HEMpsiMa) TaKOK MOBUHEH OYTH BU3HAYEHUM Y
MPOTOKOJII TIEpeiayi JaHUX.

[lepenaua 3akiHuyeThCst cTOn-OiToM 3 piBHeM Jor. 1. Ilicis BimmpaBieHHS
CTOT-O1Ta JIHIA JaHUX 3HOBY MEPEXOJUTh y BUXIIHUIN CTaH OUYIKyBaHHS ¥ TOTOBA J0
HacTynHo1 nepenayi. Yacosa miarpama nepenadi 6aiita ESh (11100101b) 3 Henpsimoro
NApHICTIO i cTonOITOM yepe3 iHTepdeiic Tuity V.24 nokazana Ha pucyHky 1.10.

apToBbLIK Byr
bvr4
burs
bwis
bur7 (MSB)
Cron-bur

Bt 2
b3

bwr0 (LSB)
i BT yeTHoCTH

by

Owunadue

Cwnganme O

|
|

i
d

Pucynox 1.6 - Yacosa niarpama nepenaui 6aitra ESh (11100101b).

VY 3B'S3Ky 3 TUM, IO TaKkT JUIsi CUHXPOHBAIl IMepenayl HEe MepecUsIaeThes,
MOYaTOK PO3Psy MOKe OyTH pO3MI3HAHO TUILKH MO BUMIPIOBaHHI 4acy, 10 MPOMILIOB
3 MOMEHTY IOSIBH CIaAarudoro (QpoHTy ctapTroBoro Oira. Came TOMy HEOOXITHO
BH3HAYaTH MIBUIKOCTI TIepeaadl JaHuX, siki € 00O0B'I3KOBUMHU I TIEpEIaBaIbHOI
npuiiMarodoi cTopoHu. Y crangapTi RS232 noriHa ogunuis Ha3uBaeThbes "mark”,
IpU LIbOMY piB€Hb cUrHaNy Ha JiHil (-5..-15B). Jlortunuii Hyns y ctanmapti RS232
Ha3uBaeTbca "space’’, oMy BinmoBimae piBeHb curHaiy +5..+15B. V BigcytHOCTI
nepenadi Ha JHI 3aBXaW JorigHa oauHHUI. [Ipo modarok Tmepemadl JgaHUX
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CUTHAIBYE CTapT OIT (JloriuHuil Hy’b). KiHenps nepenayi JaHUX MO3HAYAETHCS CTOIM
O1ToM (JIOTTIHA OTUHUIIA ).

1.3.4 OcobauBocTi mpoTokosy SPI

[Mocninouuii nepudepiitauii iHTepdeiic (Serial Peripheral Interface - SPI)
3a0e3meuye BUCOKOIIBUAKICHUM CHHXPOHHUI OOMIH JaHUMH MK MIKPOKOHTPOJIEPOM
1 mepudepitHUMH MPHUCTPOSMH, a TAKOK MDK JIEKUTbKOMAa MIKPOKOHTPOJIEpaMHU.

B SPI pexumi MOXIMBI OJJHOYACHUM CUHXPOHHMI MpUHOM 1 mepenava 8-
PO3PSAAHUX JTaHUX.

Pexxum Bemydoro SPI. Benyunii moske Hil[iaaByBaTH nepeaady JaHUX y Oy/b-
SKAWA MOMEHT, OCKUIbKHM BIH T'€HEpY€ TaKTOBWUU CHTHAJ, 1 BU3HAYA€E, KOJU BEACHUMN
MMOBHUHEH MEPE/aTy JIaHi BIIMOBIIHO 0 BUKOPHUCTOBYBAHOTO MPOTOKOITY.

Y pexumi BeAydyoro JaHi MEpeAaloThCS/MPUNHATI MICHiA  IXHBOTO
sanucy/untands 3 perictpa SSPBUF. fxmo B SPI pexumi motpiOHO TUIBKH
npuiiMary fani, BuBin SDO mosxe Oyt 3a0okoBanuil (HacTpoeHui Ak BXin). [lani 3
BuBOAY SDI mocninoBHO 3cyBatoThes B pericTp SSPSR 13 BCTaHOBIIEHOIO MIBUIKICTIO.
Koxnuii npuitHatuii Oailt 3aBaHTaxyetbcsa B perictp SSPBUF (sx HOpmaiibHO
oTpuMaHuii OaiT) 3 (GopMyBaHHSAM IIepepHUBaHh 1 BIUIMBOM Ha BIIMOBITHI OITH
crarycy. Llg gynkuist moxe OyTu KoprcHa MpH peanizalli "MOHITOpa IMHA".

byab-sika HeOaxaHa (yHKIIISI MOCIIIOBHOIO MOpTa MOXXE OYTH BHKIIIOUYEHA,
HAJIAIITOBYIOYH BIMOBIAHI O61TH pericTpiB HanpsAMKy Aanux TRIS. Hanpukmnan, skio
B pexkuMi Benydoro SPI BUKOHYeThCS TUIbKU Tiepenava nanux, To BuBoau SDI i -SS
MOXYTh BUKOPHUCTOBYBATHCS K IIU(POBI BUXOAU, CKUHYBIIH BinmoBiaHi 61t TRIS B

‘0.

1.3.5 OcobauBocTi npotokoay 1-WIRE

1-Wire - mporokon Imepenavi JaHUX MO OAHIA JiHil. JlaHWHA TPOTOKOJ
po3po0biienuit  koprnopaitieto Dallas Semiconductor (3apa3 Maxim Integrated). 3
BUKOpucTaHHsAM 1-Wire mpaitoe OutbiicTs qomModonHuX viniB (DS1990A), kapTok
JOCTYIly, a TakoX depe3 1-Wire CHUIKYIOThCS TOMYJSIPHI JaBadl TeMIleparypu
(DS18S20 1 DS18B20), tpanzuctopni kmoui (DS2405, DS2406), mporpamoBani
noptu BBeneHHs-BuBeneHHs (DS2408), ALl i IHAIL roauHHUKH pealbHOTO Hacy
(DS2417) Tompo.... Pexum 3Bs3ky B LbOMY MPOTOKOJI - ACHHXPOHHMH 1
HamBAyIIeKCHUN. [Ipu 1iboMy 3aBXKIU € BEAyYHM - OJWH TPHUCTPIA HA MIMHI, SKE
MOCHJIA€ KOMaH/IH, 1 BEJICH1 - MPHUCTPOI, K1 I[1 KOMaHIA IPUHMAIOTh 1 BiAMOBIAAIOThH
HA HHUX, SKIIO HEOOXiMHO; KOXXEH 3 BEICHUX TMPHUCTPOIB MIIKIFOYAETHCS
Oe3nocepeaHbo A0 3aranbHoi mmHU. [IpoTokon 1-Wire He ckiaaHuii B peaniaiii
OJHAK JOCHTh YYTJIMBHM 10 Yacy 110 nepemkona. Takox 1-Wire He mpu3HaueHU 1715
nepenadyl BEIMKUX 00’ eMIB iHGopmalli Ta s MBUAKICHOTO OOMIHY JaHUMH -
MakcuMaiibHa NBUAKICTE 9600001/C.
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4\VDD VDD
Master 4.7k
data

*VDD /PVDD

data data data

Slave 1 Slave 2 Slave 3

Pucynoxk 1.7 -Ilpukian miakmroueHHs BEAY4Oro i BeISHUX MpHJIaliB
3a nportokojiom 1-Wire

[Iporokon 1-Wire onucye Gpi3UuHMA, KaHATbHUN, MEPEXKEBUM 1 TPAaHCTIOPTHUN
piBH1 B3aemonii. Ha ¢pi3uuHOMY pIiBHI JAIOTHCS OMUCH METOAIB 3B'A3KY, BUMOTH JIO
IIMHU JaHUX 1 kKuBJIeHHIO. KaHambHUI piBeHb OMHCYE COCOOM YUTaHHS 1 mepenadi
OITIB MO TPOTOKOJIy. MepekeBuil pIBEHb BHU3HAYA€ METOMHM aapecalil 0 Pi3HHX
npucTpoiB Ha JiHii. HapemTi, TpaHcmopTHUN piBeHb onucye (PyHKIIOHATIBHI
KOMaH/T1, BUKOPUCTOBYBaHi npuctposimu 1-Wire.

O6MiH iH(pOpMaIlielo Benerbes TaiiM-ciaoTtamu (60 MKC): OIMH TalM-CJIOT
CIYXUTh JUII OOMIHY omHMM OiroM iH(opwmarii. [lani mepemaroTecst OIT 3a OITOM,
IMMOYMHAIOYH 3 MOJIOAIIOTO O1Ta MOJIOAIIIOrO Oaiira.

[Ipu oOMiH1 1H(pOpPMaIEI0 BeAyYuil IHIIIIOE 3B'SI30K Ha OtroBomy piBHL Lle
O3Hauae, M0 Tepenada KOXKHOTO 0Oira, HE3aJlekHO B HampsaMKy (miepemada abo
MIPUIAOM), TOBHHHA OYTH IHII[IHOBAaHA BETYIHM.

1.3.6 Ananoro-uugposuii nepersoprosay MCP3001

10-po3psanumii ananoro-uudposuii nepersoproBad (ALIIT) MCP3001 noennye
BHCOKY IPOAYKTHBHICTh 1 HU3bKE EHEPrOCTIOKMBAHHS B HEBEJTMKOMY KOPITYCI, IO
poOUTH HoTO 1MeabHUM ISt BOY/ioBaHUX mporpam kepyBanHsi. MCP3001 mae
apXITEKTypy MOCINOBHUX pericTpiB anpokcuMaltii (SAR) 1 mociaigoBHuit inTep deiic
SPI, mo BiAMOBiaE MPOMUCIOBOMY CTaHIAPTY, IO J103BOJIsI€ foaaTh 10-po3psaHmii
ALII no 6ymp-sxoro mikpokoHTpojepa PIC®. MCP3001 mae 200 trc. BUOIpOK B
CEeKyHy, | BXITHUIN KaHall, HU3bKE EHEProCIOKUBAHHS (TUIIOBUM PEKUM OUIKYBaHHS
5 HA, TunoBuil aktuBHUIN 400 MKA) 1 1OCTYITHUH y §-KOHTAKTHUX KopIitycax PDIP,
SOIC 1 TSSOP. 3actocyBanns aiist MCP3001 Bkimrouarots 301p JaHUX, KOHTPOJIBHO -
BUMIPIOBAIbHI MMPUJIAIHN, OaraToKaHaIbHI peECTpaTOpH JaHux, mpomuciioni [1K,
KEepyBaHHS JIBUT'YHAMU, pOOOTOTEXHIKY, MPOMHUCIIOBY aBTOMAaTH3AIII0, PO3YMHI
JaTYWKU, IOPTATUBHI MPUIIAIU Ta TOOYTOBY MEIUYHY TEXHIKY.



XapaKkTEepUCTHUKHU:

10-po3psnHa po3auibHA 37aTHICTS;

Bubipka Ta yrpumyBaHHs Ha 4iIi;

[NocnimoBuwuit iHTepPeiic SPI;

Omepartist 3 0JTHOTO JiKepena kuBieHHs: 2,7 B - 5,5 B;
MBUAKICTh TUCKpeTHu3arii 75 k/c mpu 2,7 B;
[TpomucioBuii Temneparypauii gianazoH: -40°C o +85°C;
8-xonrtakTHui Ilaketn PDIP, SOIC, MSOP 1 TSSOP.

3acTOCyBaHHS:

Iarepdeiic naTunka;

Kepysanns npouecom;

3061p naHux ;

Omnuc cucteM, IO MpaloTh Ha OaTapei.

Vieer 1

IN+
IN—

8
7T |CLK
6| |1D

ot
Ve, 5[ ] CS/SHDN

Pucynok 1.8 - Po3ninoBka npuiagy MCP3001
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2 MPOEKTYBAHHS EJJEKTPUYHOI MPUHIIMIIOBOI CXEMHA
2.1 Po3poOka cxeMH eJIleKTPUYHOI MPUHIMIIOBOI MiKPOKOHTpOJIepa

VY nmporeci npoekTyBaHHs OYAb-IKOTO MPUCTPOIO, POPMYETHCS HAOIP TEXHIYHOT
JOKYMEHTAIlii 10 MpOMY TPUCTPOrO. B TEXHIUHIN JTOKYMEHTAIlli OTNCYEThCS
napameTpu, podoTa MPUCTPOI0, HEOOXITHI JIJIT BUTOTOBJICHHS KOMIIOHEHTH Ta METOIU
13aco0u HamaroKeHHs QYHKIIOHATLHUX MOKJIMBOCTEH MPOEKTOBAHOTO MPUCTPOIO.

OnHuM 13 HAMBaXIMBINIMX PO3AUIIB TEXHIMHOI JIOKYMEHTAllll SIBISETHCS
TIOTaHHSI €IEKTPUIHOI MPUHITUTIOBOI CXEMHU MTPOEKTOBAHOTO MPHUCTPOIO.

Enextpuuna mnpuHIMIoBa cxema — 1€ TpadiiHe 300pakeHHS OyH0BH
OpuUCTpor0 Ha (BUUHOMY piBHL JlaHa cxema BinoOpakae KUIBKICTh Ta THII
BUKOPUCTOBYBAaHMX Yy TMPHUCTPOi KOMIIOHEHTIB (PaAlOTEeXHIYHMX €JIEMEHTIB,
MIKpOcXeM, IHTep(hEeHCHUX pPO3‘€MIB, TOIIO...) Ta iX B3aEMOJII0 OJWH 3 OJJHHUM.
[TigkTroYeHHS KOMIIOHEHTIB CXEMH OJIMH JI0 OJTHOTO BITOOpaXae€ThCsl JTHIIMH. 3TITHO
i€l cxemMH BIIOYBa€eThCS PO3BEAEHHS JOPDKOK Ha IUIATl Y BIAMOBIIHOCTI O JHHINA
MTKTIOYEHHS, 300paXXEHUX HA CXEMl, Ta MOHTaX 1 MaiKa €JIEMEHTIB MTPOECKTOBAHOTO
OPUCTPOIO. YC1 eNeMeHTH, 300pakeHlI Ha eJeKTPUYHI TMPHUHIUIOBIA CXeMi,
nianmucyrThes 3rimHo Bumor JICTY.

Konen enexTpuuHMil MPUCTPIA HE MOXE MpaioBaru 0e3 Kepena Hanpyru
xuBieHHs. [Ipuctpoi, mo noOynoBaHi Ha OCHOBI MIKPOKOHTpOJEpa, 1€ IU(pPOBi
npucTpoi. Jliana3oH Hampyru >KMBICHHS JJI TaKUX MPUCTPOiB ckiagae Big 1.5 mo
5.5B, a ctpym - nocTiiHui. 11 miAKIIOueHHs [IUPPOBUX MPUCTPOIB 10 Mepexi 2208
BUKOPHCTOBYIOTHCSA TpaHC(OPMATOPHI, IMITYJIbCHI, KOHJIEHCATOPHI OJIOKU >KUBJICHHS
Tomo... JIo Ckiany HaMMpOCTINIOi CXeMH BXOASTh: MOHWXKYHOUUN TpaHcdopMarop,
TIOMHUN MICT, €NeKTPOJITHYHI KOHIEHCATOPH Ta MIKpocxXxeMa crabutiamii (JIuB.
pucyHok 2.1).

Trl
S ' VDAL
| DD1
~220W i L7805 [ .
I
— : = C1 —*c2 SV
-‘- ]

Pucynox 2.1- Cxema cTaOutizaii »KUBJIEHHS AJis1 IU(PPOBUX MPUCTPOIB HA
OCHOBI MIKPOKOHTPOJICPIB

KimrouoBuM enemeHToM B AaHid cxemi € ctabiuiarop L7805. Icnye nBa Buau
crabinizatopa 7805: 3 cTpymoM HaBaHTaxeHHs 10 1A 1 Manomoryxkuuii 78L05 3
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ctpyMoM HaBaHTaxeHHs 10 0,1A. Kpim Hux € npomipkHuii Bapiant 78MO05 3 ctpyMom
HaBaHTakeHHA 710 0,5A.

€wmuicte Cl Ha Bxoal ctaburidaTopa HEOOXiTHA UIA  3MVIAOKEHHS
BUCOKOYACTOTHMX 3aBaJl MpHU Mnojaadi BxigHO1 Hampyru. €MHicTh C2 Ha BUXO.I
cTabu1i3aTopa 3a/1a€ CTAOUILHICTh HAIPYT'W NPU PI3KIMA 3MiIH1 CTPYMY HaBaHTaKEHHS, a
TaKO’K CYTTEBO 3HWXKYE aMIUNTyQy myibcamid. Jlns #oro HopMambHOI poOOTH
Hampyra Ha BX0J1 MoBWHHA OyTH y miama3oni 10-20 B.

Jns ¢dopmyBaHHS Hampyrd TakoTO PIBHS BHKOPHUCTOBYEThCS OAHO(DA3HUIA
TpaHcopmarop Ta aiogHui mict. [{nsg Toro, mo6 cpopmyBaTi HEOOXIAH1 YMOBH ISt
po6otu MKC HeoOXimHO miepeadaduTH IKepesio IMITyIbCIB CUHXPOHI3AIIi.

B wmikpokonTponepax cimeiictBa PIC16 mnepenbaueHo jekuibka THIIB
rereparopis. Jns PIC16 xopuctyBau Moske 3amporpamyBatd JBa KOHQIrypariiHux
61t (FOSC1 1 FOSCO) ansa Bubopy oaHoro i3 othphox pexkumis: RC, LP, XT, HS.,
ne:

RC — reneparop nHa R C-nani;

XT — cTanaapTHUN KBapLOBUN IE€HEPATOP;

HS — BuCOKOUacTOTHMIA KBapIIOBHI reHepaTop;

LP — Hu3pKO9acCTOTHHI MajIoi TIOTY>KHOCTI T€HEpaTo.

B pexumax XT, LP 1 HS go BuBomiz OSCI/CLKIN i1 OSC2/CLKOUT
MIKTIOYAEThC KBapIIOBUM 00 KepaMIdHUN pe30HATOP.

DD1

—21RA3 rRAO 71 Cf

3 16 |
—3lras  osc1e T 1
_ 4 15 == MHz

RA5  OSC2 -
T g vdd 14— c2
1g

Pucynok 2.2 - Cxema TakTyBaHHSI MIKpOKOHTpOJIEpa

JIis minKIroYeHHsI pe30HaTopa BUKOPUCTOBYETHCSI THIIOBA CXeMa BUPOOHUKA.
€MHICTh KOHJICHCATOpPIB MOBHUHHA OyTH B iHTepBail Bin 15 mpo 22 nd, oauH BUBII
SKUX MIIKIIOYAETHCS IO PE30HATOPA, & IHIIHMHA 10 3€MJIL.

Y mpuctpoiB, NMoOYyJOBaHMX Ha OCHOBI MIKPOKOHTPOJEPIB mependadeHuit
MEXaHI3M amapaTHoTO peceTyBaHHA. Y MikpokoHTposiepiB PIC16 BuBix, mio
NpU3HAYCHUN NJI1 pydyHOro mepesamycky HasuBaeTbesi /MCLR. AkTuBHMIA curHan
JUIsl CKWAaHHS — 1ie curHai JjorigHoro 0, mo mnogaerbcs Ha BXim /MCLR  npu
HATUCKaHH1 KHOTIKA S1.
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Jnst 3miau niporpamuoro 3abe3nedeHHss MK BukopuctoByerbest po3‘em ICSP.
Jaauii po3‘em, K 1 OJHOIMEHHHI TPOTOKOJ OOMIHY, JO3BOJIIE€ 3MIHIOBAaTH POOOYi
napamMeTpu MIKpOKOHTpoJiepa 0€3 BWIydEeHHS HOTO 13 mpucTporo. [lpu mpommBaHHi
MIKpoKOHTpoJsiepa Ha HiKKY /MCLR mnopaerscst curnan pisHem 15B. Jlanmii curnan
NO3HAYEHO Ha po3‘emi gk Vpp. 3aAlt0€TbCsl MEXaH3BMY JOCTYIy JO IaM STl
MIKpoKOHTposiepa. Jlani mepematothcss mo mHI Data nHa BuBim PGD
MIKpoKoHTposiepa, npu mpoMmy 3 mHi Clock po3‘emy ISCP moctymae curaan
TakTyBaHHs. JlaHumii curHan npwuitmMaetbcsi BuBogoM PGC MikpokoHTposiepa, Ta
BIITIOBIIA€ 32 KOPEKTHUM 3aMUC Nporpamu y MikpokoHTpojep. Curnam Vss 1 Vdd
3a0€3MeuyroTh CTaHJAPTHY HAMPYTY >KUBJICHHS JJI1 MIKpOKOHTpoJiepa 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 yci€i cUCTeMH Ta airopuTM (YHKINIOHYBAHHS MIKpOKOHTPOJEpa, SIK
OCHOBHOTO BY3JIa KEPYBaHHS.

[IpucTpoi BBENEHHS/BUBEAEHHS — 1€ PI3HOTO pojy nepudepiiiHi MOy, SK1
HIIKIIIOYAIOTECS 10 (PYHKLUIOHAJIBHO 3aBEPIICHOr0 MPUCTPOIO ISl  KEPyBaHHS
po0OTOI0 IHOTO MPUCTPOIO Ta OTPUMAaHHS iH(OPMAIIil PO BUKOHYBAaHI HUM (DYHKIIIi.
Hanpuknan, s [IK Takumu npucTposiMu € KiaBiaTypa, MUILIKa (IPUCTPOI BBEACHHS )
Ta MOHITOP 1 IpUHTEP (IPUCTPOi BUBEIACHHS ).

Jlyis  MIKpOKOHTPOJIEPHUX CHCTEM HOMEHKJIaTypa MpPUCTPOIB BBEICHHS YU
BUBEJICHHS Jemlo Hima. [IpuctposMu BBOy KpiM KJiaBiaTypH (KJIaBiaTypHOI MaTpHIIi)
MOXYTh Oy PI3HI TaTYUKU — TEIUIa, BOJIOrOCTI, 3ara3oBaHocTi, [U-naTuuku, To1o. ..
B cBoto uepry npucTpoi BUBOY Takox He oOMexyroThcs MmoHiTopoM. s MKC e,
— SK mpaBwio, — 3HaKoCcUMBOJIbHI a00 rpadiuni PKI, CCI, akycTuuHl eneMeHTH
(Oimepu, AUHAMIKH), HABiAb 3BUYAHI CBITIIO IO TH.

HaifmpocTimi 13 1uX TMNPUCTPOIB BBEICHHS/BUBEACHHA IHTETPYIOTHCS B
MPUCTPIA Ta MITKIIOYAIOTHCS 0€3M0CePeaHbO A0 MOPTIB MIKPOKOHTPOJIEpa, MPOTE € 1
TaKi, JJIsl MIKIFOYEHHS SIKUX BUKOPUCTOBYIOThCS IHTEP(ENUCHI PO3‘ €EMH.

IaTepdeiic — y MIKpOKOHTpOJIEPHIN TEXHINI — Ie HaOlp IPOBITHHUKIB, SKI
BUKOPHUCTOBYIOTBCSl JIUI TIKIFOYCHHS 30BHIIIHBOTO MPHCTPOIO BBOAY/BUBONY Ta
3a0€3MeuyIoTh peali3allilo MPOTOKOY Mepenadl AaHux. SIK mpaBWiio, Taki Ipynu
NPOBIIHUKIB 00°€THIOIOTHECS B MEXaxX OJHOro po3‘emy. Hampukian, st 30BHIMIHIX
npUCTPOiB, skl mpaioTh o USART/RS-232 mpoTokomy, rpymna MpoOBITHUKIB, sSKa
3abe3rmeuye 3BSI30K 13 MIKPOKOHTPOJIEPOM OCHOBHOTO TIPUCTPOIO TIO IHOMY
IPOTOKOJY 00°€aHIOEThCS y po3‘eM Triry D-SUBO.

HaBenena enekTpuyHa NPUHIMIIOBA cXeMa Mpaloe€ HACTYmHUM YuHOM. [licis
1o1a41 KUBJICHHS] MIKPOKOHTPOJIEp MTOKPOKOBO BUKOHYE MpOrpamy, IO 3aKJaJieHa y
foro mam'site mporpam. Ilepimm eranom € iHIiaa3aIis TOPTIB MIKPOKOHTpOJIEpa Ta
1oro BOyJOBaHMX MOJYJIB. AKTUBYEThCS IHTEp(eEic 3B'S13Ky Ta BUKOHYETHCS OOMIH
JAHUMH.
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PucyHok 2.3 - EnexkrpuuHa npunnumnosa cxema po6otu Cuctema moritopunry U ta T

Tabmuis 2.1 — Iepenik eneMeHTIB eNeKTPUYHOT MPUHIUIIOBOI CXEMH

Ne /11 | Ha3Ba enementa ITo3nauenus Hominan

1 Tpancdopmatop TR1 220B

2 Jlioguuii MicT VDS1 D13A4

3 Perynarop Hanpyru DD1 7805

4 KBap1ieBi pezonaropu 21,72 AMI 11

5 Konnencarop Cl 100mk D

6 Kongencarop C2 10MKD

7 Konnencaropu C3,C4,C5,C6 15n®

8 Pesuctopu R1,R2 10xOm

9 Pesuctopu R3 4K7xOm

10 MikpoKOHTpoOJIEpU DD2,DD3 PIC16F873,
PIC16F874

11 [MudpoBuit TepMomaBad IC1 DS18B20

12 1-psaxoBuii PKI LCD LMO16L

13 Knomnka-mepemukaq S1,S2 SK1-53

14 Amnanoro-mmdposuii nepersoptoBay | DIL8 MCP3001
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2.2 CtBopenns npoekty B cepenopunsi PROTEUS VSM

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

3'ssBUsIacs BeMMYe3Ha KUTbKICTh MPOTpaM CUMYJISITOPIB, 0 3aMIHIOIOThH peallbHi
pamioaeTan ¥ mpuiaanu, BIpTyalbHUMH MoAenaMu. CUMYISTOPH JTO3BOJIAIOTH, 03
30MpaHHsl PEATHHOTO MPHUCTPOIO, HAJTATOJUTH POOOTY CXEMH, 3HANTH TOMUJIKH,
OTPUMAaHI Ha CTaJlii MPOEKTYBaHHS, 3HATU HEOOXIIHI XapaKTEPUCTUKHU i1 Oararo 4oro
immoro. Oxniero 3 Takux mporpam € PROTEUS VSM.

Proteus VSM cknamaetscs 3 aBoX camocTiiHux mporpam ISIS ta ARES.
ARES 1e TtpacupyBalbHMK JPYKOBAaHUX IUIAT 3 MOJKJIMBICTIO CTBOPEHHS CBOiX
016mioTek. 3amyck nporpamu BinOyBaeTbesi 3 MeHto Ilyck — I[Iporpamu - Proteus 7
Professional - ISIS 7 Professional. [lpu 3amycky mporpamu 3'SBISIETECS OCHOBHE
BikHO Tiporpami ISIS 7 Professional.

HaitOinpbiimii  mpocTip BiaBeaeHui mif BikHO penaryBanHs EDIT WINDOW.
Came B HbOMY BiZOYBAalOTHCSI BCl OCHOBHI IMPOLIECH CTBOPEHHS, pEIaryBaHHs U
HAJIarOJDKEHHS CXEMH MPUCTPOoro. JIBopyd yropi ManeHbKe BIKHO TOIMEPETHBOTO
nepersiny Overview Window 3 #oro J0momMororo MokHa MepeMIIyBaTUCs 10 BIKHY
penaryBaHHs (KJIaljarouu JIBOIO KHOMKOI MHUIII MO BIKHY MOTIEPEIHBOTO MEperisiay,
MO>KHa TEPEeMIllyBaTl BIKHO pelaryBaHHsA 3a CXEMOIO, AKIIO 3BMYAWHO cXema He
BMIIIAETbCSL y BIKHO). [lepemilyBaTu BIKHO peJaryBaHHsS 3a CXEMOIO MOKHA IIIe
yrpuMytoun HatucHyToi kHomky SHIFT Ta pyxatroum KypcopomM Muim Mo BIKHY
penaryBanHs. HaOmuxyBatu ¥ BiIJaIATH CXeMY Y BIKH1 MOKHa KHomikamu 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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Pucynok 2.4 - OcnoBne BikHO nporpamiu ISIS 7 Professional 1 BikHO
MIOTIEPETHBOTO TIEPETIITY.
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[1in BIKHOM momepenHbOTo mneperisny 3Haxonautbes Object Selector - crmcok
00paHMX y IIe MOMEHT KOMITOHEHTIB, CHMBOJIIB M IHIIMX €JIEMEHTIB. Buainenuii y
CIHCKY 00'€KT BIMOOpaKa€ThCS y BIKHI IMOMEPEIHBOTO MEPETIISTY.

Bcei moximBi QyHKIil Ta iHCTpyMeHTH Proteus VSM noctymnHi uepe3 rojioBHe
MEHIO, Yepe3 MIKTOTpaMM Kl 3HAXOIAThCS MiJ MEHIO 1y JIBOMY KyTI OCHOBHOTO
BIKHA Ta 4Yepe3 rapsiui KJIaBilIi, SKi MOXYTb MEpEeNpPU3HAYYBATUCSI KOPUCTYBAUYEM.
BHM3y OCHOBHOro BIKHA PO3TaIllOBaHI: KHOMKH OOEpTaHHS Ta PO3BOPOTY 00'€KTa
HABKOJIO CBO€I OCi, MaHellb KepyBaHHs IHTEPAKTUBHOIO CUMYIBILIEIO - BUTJIIAE SIK
marHitobponna i ¢ymkuii Taki x: IYCK , ITIOKPOKOBUM PEXUM,
[MTAY3A,CTOIL.

CHEF «wt [» [0 [ m] AoorseEer a0 A m

PucyHok 2.5 - [lanenbs kepyBaHHSI IHTEPAKTUBHOIO CUMYJISIIIELO.

CepemoBumie PROTEUS wmae BemuuesHy  OI0IOTEKy — €JEKTPOHHHUX
KOMIIOHEHTIB. Bci enemenTn mepedyBaroTh y 0i0mioTeni komnoHeHTiB. 11[o6 mo Hel
noTpanuty noTpioHo neperT B pexkuM COMPONENT (koMMoHEHTH), HAaTUCHYBILIU
BiinoBinHy niktorpamy P (Pick devices) a0o nBid1 KialHyBIIM JIBOIO KHOMKOIO B
noJii BuOopy komnoHeHTiB Object Selector.

KoMmmoHeHTH MOkKHa BHOMpATH IO KAaTEropiixX, Ta y CHHCKY. 300paKeHHS
KOMIIOHEHTa 3'SBUTHUCA Yy BIKHI mnomnepenHboro mneperysany. o0 po3mictutu
KOMIIOHEHT Ha poOOYOMY TOJIl TOTPIOHO HABECTU KypCOp MHMILI Ha MOTPIOHE MiCIIE 1
KJIAIHYTH JTiBO¥O KHOTIKOIO Muiti. [1[00 3’ €qHaTyi BUBOM KOMIIOHEHTIB MPOBITHUKOM
MOTPIOHO MIABECTH KypCOp MHUII A0 BHUBOAY KOMIIOHEHTA, ITICJIS MOSBU Ha BUBOJL
KOMITOHEHTA XpeCTHKa MOTPIOHO KIJIAIHYTH JIIBOIO KHOTIKOIO MMIIII 1 MIIBECTH KYypCOp
MU 10 BUBOY IHIIOTO KOMIIOHEHTA.

st Pick Devices
Macis Pesynerares (B25] NMpocioT Chesds
| UerpoieTes | Bufmorerka | Drucassse A 900 HE BEOPSHO LA MROCHEIT
Cnceo uemar.om 555 ANALOG Timer/Ozcillaton
T e HGER Ve 755G BHALOG CMOS Times/Oscilslor
RS AMALOG 5V Froed 14 Pasilive Powes Supply Fleglato
B 7005 ANALOG By Feced 14 Posilive Powes Supply eguiaton  PCB Mpocsaorp:
[Bee materop) A | TEOB ANALOG B Feord 14 Postive Powe: Supply Flegulato
He Hmmm% TS ANALOG 9 Feeed 14 Positive Power Supply Regulato
g TE10 AMALOG TV Fineed Tl Piozitive Powser Supply Flegulat
Capacilors |z AMALOG 12V Freed 14 Pogsitive Power Supply Regulah
CMOS a000 senes TEIS AMALOG 15V Fiwed 14 Positive Power Supply Regulat
Cormectors TEi1E ANALOG TEY Fried 14 Pasitive Power Supply Flegulat T L) 1
Laplace Primitives TEL24 AHALDG 24V Freed 100me Positive Power Supply Fleg l_
:’?"h"“fgr 78540 AMAEOG 1.58 Univarzal Switching Regulsior Subsyite 4 b
M:"‘“ﬁ' 2 7905 ANALOG 5 Fisond 16, Negative Fower Supply Regulat bt
i 7906 AMALDG B Froed 14, Negative Power Supply Regulst
Modaling Privines Ta0a AMALOG B Feoad 1A Megative Power Supply Flegulat & 9
Ohomsnbionial Ainilioacs 7909 ANALDG & Freed 14 Negative Power Supply Flegulat L\
Ml madas e « |0 AMALOG TV Fied T Megative Power Supply Reguls
792 AMALOG 12V Fiend 14 Negative Power Supply Reguls
kSt 7915 ANALOG 15V Find 14 Nagative Power Supply Reguls
m 3913 J‘!‘-EL'!\LU'["- TGU Fnu.'.-d lﬁNch!i'f‘ch'M:f Skwl}l Hmﬂc
—— I, T 1 R R e
Fas 72 ANALDG 12V Fived 100mé Negative Power Supply e | || omema
[WEREN P 15 AMALDG 25 Fieed 1080ené Heoathee Power Suooh Re

Pucynok 2.6 - bibmioTeka e1eKTpOHHUX KOMIIOHEHTIB.



26

Jna toro, mo6 neperiasiHyTH poOoTy cxemH, HeoOxigHuil BuximHuit HEX-
¢aiin. Cepenosuiie PROTEUS nintpumye 6arato 3aco6iB po3poOku, cepen Hux 1 HI-
TECH Ci xommusitop 1 CROWHILL PIC BASIC 1 BASIC STAMP. Tlonepenaso
HEX-¢daiin noBuHeH OyTH CTBOPEHHMH 3 BHUKOPUCTAaHHSIM  CEPEIOBUILEM
nporpamyBaHHs MiIKpokoHTpoJiepiB Bin pipmu MICROCHIP, a came MPLAB.
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Pucynok 2.7 - JlocnimxyBaHa cxema
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3 PO3POBKA ITPOI'PAMHOI'O 3ABE3ITEYEHHSA MKC
3.1 Po3podka aaroputmy ¢pynkunionyBanusa MKC

AJNTOpPUTM — 1€ MOCJIIOBHICTh, CHCTEMA, HA0Ip CHCTEMATH30BaHUX IPAaBUJ
BUKOHAHHS 00YHCIIIOBATIBHOTO TMPOIIECY, 10 000B'S3KOBO NPUBOIUTH A0 PO3B'SI3aHHS
MEBHOTO KJACy 3aaad MICHsA CKIHYEHHOTro 4uuciia omepamiid. [lpuw  HanmcanHi
KOMIT'IOTEPHUX MPOTpaM aICOPUTM OIUCYE JIOTTYHY MOCTIAOBHICTH oneparid. J{is
BIBYAJIbHOT'O 300payKEHHS JITOPUTMIB BUKOPUCTOBYIOTH OJIOK-CXEMH.

brok-cxema — cxemarndHe 300paXEHHS MOCIITOBHOCTI Jii, CIIPSIMOBAaHUX Ha
JIOCSITHEHHSI CIUIbHOI METH Ta iX ocoOsmBocted. Po3ain mporpamu, y sIKOMY
BiIOYBA€THCS 3aHECEHHS 3HAYEHHS 3MIHHUX MOJAETHCS Y BUIJISI MMapajenorpama, B
SKOMY TlepepaxoBaHi iMeHa UX 3MIHHUX. Po3nin mporpamu, y sikomy BiiOyBaeTbcs
BHKOHAHHS TIEBHOI Omepallii moaeThes y popMi MPSIMOKYTHUKA, a PO3AUT MEPEBIPKU
yMOBU — y (opmi pomba. KpiM TOro MoXyThb BHUKOPHCTOBYBATHUCH PO3JUTH, SKi
MOBTOPIOIOTh TEBHUM HAOIp KOMAaHJ JJii IHIIOTO aHAJIOTIYHOrO BHUIAAKY. Taki
pPO3JUTM HA3MBaIOTh OJIOKOM IAEHTUYHUX OIepaliii Ta 300paxyioTh Yy BUIIIAL
mecTUKyTHHKA. [lle omuH po3ail, MmO € MOMMPEHWM Yy TMporpaMax — Iie PO3JIUT
BUKOHAHHA MiAIporpaMu. 300paxyeThcsi BIH y (QOpMI MPSIMOKYTHHKA 13 JBOMA
BEPTUKAJIHbHIUMH CMYTaMH T0 KpasixX (Girypu Ta 3anucom Y HbOMY Ha3BH nu:[nporpaMH

Koxen anroputm € cnuckoMm 100pe BU3HAUEHUX HCTPYKIINA SIS PO3B'sI3aHHS
3anayvl. [louynHarouu 3 MOYATKOBOTO CTaHY, ]HCTpYKHll ITOPUTMY OIHCYIOTh MPOLIEC
OOYHCIIEHHs, SIKI BiAOYBalOTbCS Yepe3 TMOCIHIIOBHICTh CTaHIB, S$Ki, 3pEUITOlO,
3aBEPIIYIOTHCS KIHIIEBUM CTaHOM.

[lpyHumnu noOyAOBH NPOrPaMHOIO 3a0€3MEYEHHS TOYHO Takl XK, fAK 1
arapaTHOi YaCTHHH: CTBOPEHHS KIHIICBOTO MPOIYKTY 3 TOTOBUX OJIOKIB - IMAIIPOTPaM.
Ako Bco poOOTy mporpamMu po3MICTUTH y BEKTOpax IMepepuBaHb, TO OCHOBHHUMN
JIOJIaTOK HISK HE BiMUye€ BUKOHAHHSA (PparMeHTIB CyCiOHIX mianporpam. ['ojioBHe
BU3HAYUTH MO>KIJIMBOCTI aniapaTHOl YaCTHUHHU.

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

[Ticns BKIIOYEHHS OJKUBJICHHS CEpBICHA TMporpamMa TMOYHHAE MPOBOAMTH
Himarkaniro. Ha mnodarky mnporpaMu NPUKPILTIOETBCS — hailr 0100 TEeKH
MIKpOKOHTpOJIepa, IICJIS YOro OTOJIOIIYIOTHCS OITH MOPTIB 1 PEricTpU IMaM'siTi, SKi
BUKOPHUCTOBYIOTBCA B Tporpami. MIKpOKOHTpOJIEp Ma€ BUIbHI JJii BUKOPHUC TaHHS
KOMIPKH Iam'AT1 1, 100 P KOKHOMY 3BEPHEHHI O IEBHOI KOMIPKHU HE OMUCYBATH ii
azipecy, Ta moJiermmty (opMyBaHHS MPOTPAMU - TPUCBOIOETHCS 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 3YUTYBaHHS BIINOBIAHUX napamerpiB 3 EEPROM-nam'siTi;

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

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

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

KpiM KOHCTaHT, sKi, BIUIMOBITHO JO CBO€I Ha3BH, MPOTITOM YyChOr0 Yacy
poOOTH MpoTpaMu HIKOJIM HE MIHAIOTHCS, Y POTpaMi iICHYIOTh 3MiHHI. [1in 3MiHHOIO B
nporpami po3ymitoTh IM'st perictpa, abo ampecy KOMIpKHA TMam'sTi, J€ B MpoIeci
BUKOHAHHS MporpamMu Oye THMYacoBO 30epiraTucs 3a3falieriib HeBiTOMa BEJIMUHHA,
a00 MPOMDKHUN pe3yJbTaT O0YUCIICHD.

Din  [logaTok
( ) Dout TloyaTok

THILIAJII3ALILA MK
HATAITYBAHHA NOPTIB
MSSP UART, SPI

THINIAJIIBALLLS MK
HAJIAWITYBAHHS NOPTIB
MSSP UART

Y OTpuMaHHA JaHUX
3 Ul na U2

OTtpumannsa 1annx
3 MCP3001 Ta DS18B20

Y

) [ligroroBka gJannx
ATH HI’[B(‘.‘,{IEHHH HA
1-paaxosnii PKI

3anuc jauux
v 3MiHHI

|

MMepeaaua oTpuMa”oTro
3naueHHn na U2

Pucynok 3.1 - briok-cxemu po6otu Cuctema moniropunary U ta T
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3.2 KongirypyBanHsi npucTpoio 3 Bukopuctanusm gupektusu _CONFIG

CimeiictBo MikpokoHTposiepiB PIC16 wmae Hablp cnemianbHUX (YHKIIIH,
NPU3HAYCHUX U1 PO3MIMPEHHS MOXJIMBOCTEH CHUCTEMH, MIHIMI3allii BapTOCTI,
BUKJIFOUCHHS HaBICHHX KOMIIOHEHTIB, 3a0e3McueHHS MIHIMAJILHOTO
CHEPrOCTIOKUBAHHS 1 3aXMCTy Koay Bin 3umtyBaHHsA. B PIC16 peamizoBani HacTymH1
crieliaTbH1 PYHKIII :

BUOIp TUITy T€HEPaTOpa;

CKUJIaHHS,

CXeMa CKUIaHHS M0 BKJIIOYEHHIO KUBJICHHS

taiimep ckunanns (DRT);

cropoxoBuii Taiimep (WDT)

PEXHUM NOHMKEHOTO eHeprocnoxuaHHs (SLEEP);

3aXHMCT KOAY Bl 3UUTYBaHHS;

o1tu ineHTudikarii.

B perictpi kKoH}Irypaiii onucyroThes 01Tu KOHGIrypailii, B IKi BXOJSATh:
01T 3aXUCTY

01T 103BOJTy pOOOTH TaliMepa BKIIFOUCHHS KUBIICHHS

01T 103BOJTY pOOOTH CTOPOKOBOTO Taiimepa

BUOIp TUITy reHeparopa

bitn koHdIrypanii 3agatotecs 3a nonomororo aupektusu _ CONFIG.
@dparMeHT 3aroJjioBKy IPU HATMCaHHA IporpamMu st MikpokoHTpoJiepa PIC16F873 3
BUKOPUCTaHHIM MOBH C:

#include <pic.h>

__CONFIG(FOSC_HS&WDTE_OFF&PWRTE_OFF&CP_OFF&BOREN_O
FF&LVP_OFF&CPD_OFF&WRT_OFF&DEBUG_OFF);

@parMeHT 3aroJioBKy IpHU HAMTMCAHHS MPOTpaMu JJIs1 MIKpPOKOHTpOJiepa
PIC16F874 3 Bukopuctanusam mosu C:

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

3.3 HanmcaHHs Kepyl4oi MporpamMu /1Jisi MiKpOKOHTpOJiepa

[Ticiiss BKIIFOYEHHS JKUBJIICHHS CEpPBICHA TMpoTrpamMa TOYMHAE TIPOBOIUTH
HianBanitoo aaHux. Ha mouyarky mporpamu NpUKPIUIIOEThCsS (aiin 010110 TeKH
MIKPOKOHTPOJIEPA, MICJSI YOro OTOJIOUIYIOThCS OITM MOPTIB 1 PEricTpu Ham'siTi, K1
BHKOPHUCTOBYIOTECSI B Tporpami. JlaHwid THIT MIKpOKOHTpOJIepa Ma€ BUIbHI JIJIS
BUKOPHCTAHHS KOMIPKHU MaM'sITi 1, 00 MPU KOKHOMY 3BEPHEHHI 10 TIEBHOI KOMIPKH



30

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, BCTAHOBICHUX Yy TIOMEPEIHBOMY
ceaHcl poOOTH LUIAXOM 3YUTYBAHHSA BIIMOBIIHUX MapaMeTpiB 13 (piem-nam'saTi;
BUKOHAHHS TMIINPOTpaM, MPU3HAYEHUX MJI1 YCTAHOBKM BCIX TepHQepiiHuX
MIPUCTPOIB CXEMH TMO3UINIOHEpAa Y BUXITHUA CTaH (OYHUINCHHS IHIWKATOPIB,
MITBEPKEHHS KOMaHIM 3YITUHKH JIBUT'YHA TOIIIO...);

BUKOHAHHSA MIANPOrpaMHU 3allyCKy CHUCTEMHUX JIYWIbHUKIB-TaiMEpIB 1
MeXaH13My MepepHuBaHb MIKPOKOHTPOJIEpa.

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

po0OTH TIpOoTpaMH HIKOJIM HE MIHSIOTHCS, Y TIpOoTpami ICHYIOTh 3MiHHL. [1ix 3MiHHOO B
nporpami po3yMieTbCsl iM's perictpa, abo agpeca KOMIPKM Ham'sTi, e B MpOILeci
BUKOHAHHS MpoTrpamMu Oyjie TUMYacoBO 30epiraTucs 3a3najierias HEeBITOMa BEJIMYMHA,
a00 MPOMDKHUIN pe3yabTaT O0YHUCIICHb.

[Ticns BUKOHAHHS MOAYJS IHIIaTi3allii MmporpaMa MepexoauTh 0 OCHOBHOTO

UK. Y IbOMY UK Tporpama rnepedyBae yBeCh yac, MOKH BKIFOYEHE KUBJICHHS.

[lep1or0 YaCTUHOIO HAILLIOTO MPOEKTY OYyJ0 HaMMCaHHS TEKCTY MpOrpamu JJist

MEPIIOTO MIKPOKOHTpPOJIEpa, M0 BUKOHYE (DYHKIIO OJEp KaHHSI JaHWX 3 MPHUCTPOIB
DS18B20 ta LM35, a Takox 00poOKy Ta nmepenady nanux Ha apyruii MK.

HaBenenuii Hmwkuye MOAYdh TMporpamMyd 3AIMCHIOE IHIIAT3AII0 TOPTIB

MmikpokoHTposaepa PIC16F876 moaynss UART Ta SPI:

#include "MK _init.h"

/l---- onmc PYHKITH ----------- === === =-----

void MK _init(void)

{

/--HananmryBanus noptis--//

TRISA5=1;//puBin xepyBauus npuitomy ganux no SPI six MCP3001

TRISB4=1;//suBix npuitomy marux 3 DS18B20

TRISC6=0b00011000;/*4 Ta 5 BMBOIM HajamIroBaHi Ha BBeICHHS Hbopmarlii, mo Oyme

noctynatu 3 MCP3001, a 7 BuBix - 11e JiH i epenavi qJaHuk Ha apyruii MK*/

TXREG=0;//perictp npuitomy
RCREG=0;//perictp npuiiomy
/l-----SPBRG-----------

SPBRG=25;

/l------TXSTA---------

BRGH=1,

SYNC=0;//acuHXpOHHIA pEKUM

TX9=0;// poboTa 9-Tu 6ITHOT TOCHIIKH
TXEN=1;//n03B 11 BKIIOYECHHS ITepeaaBayda
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/------RCSTA---------—-----
RX9=0;//n03B 11 po6oTH 9-TH OITPHOT MOCKUITKI

CREN=1;//n03B i1 BKIIOUYEHHS TIepeaBaya
SPEN=1;//sxmrouenns moayins UART

------- VESTSIo R o [—

Il--- SSPSTAT
SMP=0;// onuTyBaHHS BXOy B CEpE/IMH 1 IEPiOy BUBCICHHS JTaHUX
CKE=0;// Bubip ¢poHTY TAaKTOBOrO CHTHAIy, JaHi MEPEHalOThCS IO 3aAHBOMY (GPOHTY

curnany Ha BuBinx SCK

/l--- SSPCON1
CKP=0;// naninepeaaroTses 0 3aAHOMY (POHTY cuTHany Ha BuBinx SCK
I Pesxxum poboti moynst MSSP:
Il Benenuii pexxum SPI, TakroBuii curnan = Fosc/4
SSPM3=0;
SSPM2=1; //slave
SSPM1=0;
SSPMO0=0;
SSPEN=1;
GIE=1;

}

[Ticns Hiianizanii MU BUKOHYEMO HalMCAHHS KepyrodoinporpaMu y daitni main.c :

/l---- Oromnomyemo (GyHKIiO 1t oTpuMaHHs gaHuX Bim MCP3001 -----------------

/l---- oronotueHHs GyHKIIT --------
unsigned char spi_receive(void);
/l---- omic GyHKUH ------------------
unsigned char spi_receive(void)

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

/l---- OCHOBHA ITPOIPAMA --------- = mme oo
void main(void)

{
MK_init();//gynxuis minianizanii MK

I13niiicHroeMo oTpuMaHHs JaHuX Mpo Hanpyry 3 MCP3001

U=spi_receive();/*orpumanns Ta 3amuc orpumaHoro 3HaueHHs 3 MCP3001 y 3miny 3a

JIOTIOMOTO TIponcanoi GyHKirii*/

uart_trans(U);//mepenaua nanux na apyruii MK

HacTymHuii ¢pparMeHT 31iiiCHIOE YUTaHHS JaHUX TeMIiepaTypu 3 mpuctporo DS18B20:

ds18b20_init();//minkirouaemo QyHki o Himianizamnii DS18B20
ds18b20_trans(Skip_ROM);//3BepHeHHS 10 €MHOTO MPUCTPOIO Ha MIMHI
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ds18b20_trans(Adc_strt);// 3amyckaeMo KOHBEPTAILiFO TEMITEPATYPH
__delay_ms(750); //3atpumka uist KOpeKTHOT pOOOTH
ds18b20 _init();
ds18b20_trans(Skip_ROM);
ds18b20_trans(Read RAM); //3unTyemo ampecy NpuCTporo, o0 BUSHAYUTH aPECH
/le TMHOTO TPUCTPOIO HA IMHI
DS_t=ds18b20_receive();/3anuc qanux y sMiHHY
while(1) {
Hani 3nificHIoeThCs: 00poOKa JaHuX JUIs Tepeadi Ha Jp yruil MIKpOKOHTPOJIEp
ds18b20 _init();
ds18b20_trans(0xCC);// mponyckaemo imeHTH (ikall ito
ds18b20_trans(0x44);// 3amyckaeMo KOHBEPTAILilO TEMITEPATyPH
__delay_ms(750);
ds18b20 _init();
ds18b20_trans(OXCC); //3H0BYy mpoIycKaeMo iaeHTH (hiKall ifo
ds18b20_trans(0XBE);//ra 3xiii cCHIOEMO YU TaHHS pericTpa
[Ticns 4oro Mu 3amucyeMo KOHBEPTOBaHY TeMmIiieparypy y 3MiHHy T Ta mepemaemo Ha
npyruit MK:
T=receive();
T=T>>4;
TET<<12;
uart_trans(T);//nepenaya nanux

¥
¥

Jlpyroro 4acTHHOIO HAINOTO MPOEKTYy OYII0 HANHMCAHHS TEKCTY MPOTpamMH IS JPYroro
MIKpOKOHTpOJIepa, 110 BUKOHYE (DYHKI[IIO oJiepKaHHA AaHu X 3 niepiioro MK ta BUBoAUTH OTprUMaHi
naniHa 1-psaxosuii PKI.

HaBenenuii HM)K4Ye MOIYNbh MPOTpPaMH 3AICHIOE iHIIATi3aIil0 MOPTIB MIKPOKOHTpoJIEepa
PIC16F883 ta mogynst UART:

#include "MK _init.h"

Il---- onmc PYHKITH ------------=----=-----

void MK _init(void)

{

/I--HanaurryBasss nopTis--//

TRISA=0;//1e BuKopucTOBYyEMO B aHiii poOOTi

TRISB=0; //mopt BuBeacuus in popmarrii Ha PKI

TRISC=0b11111000;/*mepmui 3 BuBoau - 1e kepytodi BuBoau PKI, a ocranuiii 8 BuBix - 1€
BUBII 11O SIKOMY MU OTPUMYEMO JaHi Bin nepmoro MK*/

Hacrynuuii ¢parmenT koay 3aiiicHIOe Hillianizanito perictpis moayns UART:
------UART----------
TXREG=0;//pericTp npuitomy
RCREG=0;//perictp npuiiomy

/]l M—
SPBRG=25;
/A )5 - —

BRGH=1,



SYNC=0;//acuHXpOoHU peKUM

TX9=0;// poboTa 9-Tu 6ITHOT TOCHIIKA
TXEN=1;//n03B 11 BKIIOYCHHS TIepeaaBadya
[[------RCSTA------------—--

RX9=0;//no3B 11 pobotu 9-TH OITPHOT TOCHIIKA
CREN=1;//n03B i1 BKIIOUYEHHS TIepeaaBaya
SPEN=1;//sxmtoucns moayiass UART

}

[Ticns Hiianizamnii MU 341HICHYEMO HallMCaHHS Kepylo4oinporpamu y (aiini main.c :

void main(void) {

MK_init(); / gy xuis ininianisarii MK
led_init(); /by xuis imimianzanii PKI

while(1) {
/lBuxoHyeMoO 3unTyBaHHsI AaHuX 3 nepioro MK, a came nanpyru 3 MCP3001:
U=getch();
/Ita remnieparypy 3 DS18B20:
T= getch();
[HactymHuii ¢parMeHT 31iiICHIOE BUBECHHS OTpuMaHuX naHux Ha PKI:
/[manpyra
lcd_str(" U= ");//3aroToBKa 1151 BUBEJAECHHS 3HAYEHHSI
Icd_pos(3);//BcTanoBnenHs Kypcopa B 3 TO3HILIO
sprintf(MAS, "%Xx", U); //BuBencHus caMux JaHUX
lcd_string();

lltemneparypa

Icd_pos(8); //BcranoBieHHs Kypcopa B 8 MO3HUIIIFO
lcd_str(" T=");//3aroToBKa It BUBCACHHS 3HAYCHHS
sprintf(MAS, "%Xx", T); /BuBeeHHS TEMIIEPATYPU
lcd_string();

}
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BUCHOBKUA

B mporeci KypcoBOTO TPOEKTYBAHHS PO3TIISTHYTO MPHWHIUIHN TPOESKTYBAHHS
OpUCTPOiB 1 cucteM, MmO TMOOYIOBaHI 3 BUKOPHCTAaHHAM OJHOKPUCTAIHHUX
MIKpOoKOHTpoJsiepiB (¢ipmu Microchip. Ilig yac BUKOHaHHS MPOEKTYBaHHS 3J1HICHEHO
3aKpIUICHHS TEOPETUYHUX 3HAHh Ta MPAKTUIHUX HABHYOK II0 peal3alil eTarriB
MPOEKTYBaHHA. Y3arajlbHGHO TEXHIIHUN Marepian g (GopMyBaHHS OCHOBHOI imei
MPOEKTYBaHHA. 3AIMCHEHO aHali3 BXPIHUX JaHUX, OOIPYHTYBaHHS 1 CHUHTE3
CTPYKTYpHOI cxemH. JleTambHO pO3IISIHYTO CKJIQAOBI amapartHoi YacTUHU 1X
MpU3HAYCHHS 1 0COOMMBOCTI yHKITIOHYBaHHA. [IpoaHam3oBaHO JOKYMEHTAIIIFO, IO
omucye podoty ckmanoBux By3diB MKC. Ha ocHOBI IuX JaHWX OMKCaHO Ta
CIIPOEKTOBAHO MPHUHIIMIIOBY CXEMY Ta alr'OPUTM POOOTH.

Jis mobynoBu OJOK-CXeM, aIrOPUTMIB Ta MPUHIUIIOBHX CXEM 3aKPIIJICHO
HaBUYKH poOOTH 3 miporpamoro sPlan. JIist HammcaHHs 1 BIAaro JKEHHS TPOTrPaMHOTO
3a0e3MeueHHs] BUKOPUCTaHO cepenoBuie po3pooku MPLAB 8.92. 'V upomy
CEpPEIOBHILI CTBOPEHO MPOEKT, HAIMMCAHO TEKCT MPOTPpaMu 3 BUKOPUCTAHHSM MOBH C,
1 3aiicHeHo  komnusinito 'y  hex-¢aitn. CepemoBuiie  po3poOKH  MOXe
BUKOPHCTOBYBATUCH Pa30oM 3 TIporpamaTopamu JJisi 3alMCy TOTOBOTO BUXITHOTO KOy
MPOIIMBKY y TIaM'SITh IPOTrPaMK BUOPAHOTO MIKPOKOHTpOJIEpa.

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

[IpoBeneHo iHiiami3aIlit0 MIKpOKOHTPOJIEpa, HOro By3JIiB Ta MO TYIIB.

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

VY pobouiit yacTuni 3a0e3neueno ¢pyHkiionyBanus MKC 3rigHo BapiaHTy.

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



N o

36

HEPEJIIK IOCUJIAHb

Boiitomu I. B., Cugopenko B. M. MikponpolecopHi CUCTEMHU Ta
MikpokoHTposaepu. — Kuis: KHT, 2020.

Mazyp O. M. Mikpokoutposiepu AVR: mporpamyBanus MoBoro C. — JIbBIB:
JIpBIBCchKa norexuika, 2018.

[Horopimii FO. C. BOynoBaHi cuctemu Ha 0a31 MIKpOKOHTpoJepiB. — KuiB:
KIII m. I. Cikopcekoro, 2021.

Barrett S. F., Pack D. J. Atmel AVR Microcontroller Primer: Programming and
Interfacing. — Morgan & Claypool Publishers, 2019.

Han-Way Huang. The Atmel AVR Microcontroller: MEGA and XMEGA in
Assembly and C. — Cengage Learning, 2017.

Jack Ganssle. The Art of Designing Embedded Systems. — Newnes, 2020.
Barnett R. H., Cox S., O’Cull L. Embedded C Programming and the Atmel
AVR. — Cengage Learning, 2018.

Martin Bates. PIC Microcontrollers: An Introduction to Microelectronics. —
Newnes, 2022.




