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4.5 Ilporokos 0OMiHy HPopmariero: SPI.

4.6 IlpucTpiit BuBeneHHs Hdpopmartii: pene, PKI, 2 panok

4.7 ®@yHKII IPUCTPOIO BUBEACHHA iHpopMalii: Haukaiis: rele - on/off, t = x °C
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5.3 CkpuHIIOT poboTu npoekTy y nporpami PROTEUS



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

BCTVII
1 Po3pobxa ctpykrypHoi cxemu MKC
1.1 Ananiz 3aBgaHHs Ta CUHTE3 CTPYKTypHOi cxemu MKC
1.2 OOrpyHTyBaHHSI BUOOPY MIKPOKOHTPOJIEPIB
1.3 Ilpu3HadeHHS, MPUHITUI pOOOTH, 0COOIMBOCTI TTepudep IMHUX TPUCTPOIB
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
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O IHIIiani3amisl MIKpOKOHTPOJIEPIB;
o HinianiBamnis nepudepitHIX MOyNIB;
O MOSICHEHHS /10 HAllMCaHHS OCHOBHOI YaCTUHU MPOrPaAMHU.

3.3 Buxopuctanns nporpamu PROTEUS a4 ananizy po6oTu mpoekTy.
BUCHOBKHU

[TEPEJIIK TIOCWJIAHD

Kanenmapuuii niian
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PED®EPAT

TexkcToBa yacTUHA KypCOBOTO MPOEKTY: 36 CTOPIHOK, 17 puUCYHKIB, 2 TabiuIi
Ta 8 MOCHJIaHb.

OO0’ exT mpoekTyBaHHA - “CucTeMa KOHTPOJIIO TeMIeparypu’”.

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

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

CTBOPHTH TIOBHOIIIHHY CUCTEMY MOHITOPHHTY TEMIIEPaTypH.
MK, T74, SP1, 2-psinxoBuii PKI, SPLAN, MPLAB IDE.
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LIATT [{udpoananorosi nepeTBoproBadi

LTI LenTpamsHMA MpOTIECOPHUI TPHUCTPIH
[IM [IpoTHO-IMITYJIECHA MOTYIISIITIS

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 BHCOKOIIBUIKICHOTO KEPyBaHHS
aBTOMOOUILHUMHU ¥ EJIEKTPUYHUMU JIBUTYHAMU, MPUIaAax MoOyTOBOi €IeKTPOHIKH,
teneoHHUX pucTtaBkax 3 ABH, cucremax 0XOpoHU 13 CIIOBILIEHHSIM O TeIePOHHII
i, MiHI-ATC. Oxpemi BuUMIprOBaibHI 1H(GOpPMAIHHI CHUCTEMHU BIIPBBHIIOTHCS
pospsnnicTio [I3TI(nocTiiiHO 3amaM’ITOBYIOUOTO MPUCTPOIO): Bin 12 no 14 Oir nis
cepii PIC16Cxx, 16 61t — gy cepii PIC17Cxx.

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

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

Bemuki iHTerpanpHi cxemu PIC16Cxx marots BOynoBani [1311 emnicTio Big 0,5
no 4 xinocniB 1 O3Il(omeparuBHO-3amam’ STOBYIOUUH TPUCTPIN) €MHICTIO 32-256
Oaifr. OCHOBHA YaCTHHA KOHTPOJIEPIB Ma€e OJJTHOKpaTHO nporpamoBanuii [1311, onqHak
neski koutposiepu mictate [I3I1 3 ymerpadioneroBum ctupannsMm, a PIC 16C84
MICTHUTb MaM’sITb Tporpam 11mam’siTh Janux Ha 6a3i [1311 3 enekTpuyHUM CTHUpPAHHSIM.

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

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



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

[Ipu npoekTyBanH1 MIKpoKOHTpoaepHux npuctpoiB (MKII) a6o cuctem (MKC)
MO’KHA BHUKOPHCTOBYBATH OJIOKOBO-IEpApXIIHUHN MIAXIA, MPH SIKOMY YSBJICHHS IIPO
MKII a6o MKC, mo mpoeKTyroThCs, PO3UJICHOBYIOTHECS Ha lepapXiaHi piBHL Ha
BUIIOMY PIBHI BUKOPUCTOBYETHCSI HAMEHIII JETaT30BaHe YSIBJICHHS, 10 BiqoOpakae
JUIEe TUIBKA 3arajlbHl PUCH 1 OCOOJIMBOCTI CHUCTEMH, IO TMPOeKTyeThcs. Ha
HACTYMMHUX PIBHAX CTYITIHb IOJPOOHIs PO3TIIAY 3POCTaE, MPH IbOMY CHUCTEMa
pPO3TIISAAETECS HE 3arajoM, a OKpeMuMu Ojokamu. Takuii migxig J03BOJISIE Ha
KOXKHOMY pIBH1 (DOPMYJIIOBAaTH 1 BUPINIYBAaTH 3aAadl AOMYCTUMOI CKJIQJAHOCTI, IO
HIAAI0ThCSl YCBIIOMJIGHHIO M PO3YMIHHIO JIFOAMHOIO Ta PIIICHHIO 32 JI0TIOMOTOIO
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 cXeMa — II€ CXeMa, sika BU3Haua€ OCHOBHI (PYHKITIOHATbHI YaCTHHH
BUpOOy, X B3a€MO3B'SBKM Ta mnpu3HadeHHs. [lin (yHKIIOHATbHOI YacTHUHOIO
pPO3YMIIOTh CKJIQJIOBY YaCTHHY CXEMH: €JIEMEHT, MPUCTPIii, QyHKIIOHATBHY TPYIY,
(byHKIIOHATILHY JIaHKY.

CTpykTypHa CcxXeMa TpU3HAueHa IS BIMOOpaKEHHS 3arajibHOi CTPYKTypHU
MPUCTPOIO, TOOTO OTO OCHOBHUX OJIOKIB, BY3JIIB, YaCTUH Ta TOJOBHUX 3B'SI3KIB MDK
HUMU. [3 CTpYKTYypHOI CX€MHU MOBUHHO OyTH 3pO3yMUIO, HABILO MOTPIOHUNA JaHUIA
OPUCTPIA 1 K BIH IpAallO€ B OCHOBHUX PEXMMax poOOTH, K B3aEMOJIIOTh HOTO
yacTuHU. [l03HAaYEHHS €1eMEHTIB CTPYKTYPHOI CXEMH MOXKYTh OOMPAaTUCh JTOBUIHHO,
X04a 3araJlbHONMPUHHATHX TIPaBUJI BUKOHAHHS CXEM CJIIT JOTPUMYBATHCHh.

OOG’€KTOM JOCIHIIKEHHSI JAHOIO KYpCOBOTO MpOeKTy € CucteMa KOHTPOJIHO
TEMIEpPATypH, IO Mpaioe Ha OHOBI 2 MikpokoHTposepax PIC16F877, PIC16F689.

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

Busin iHopmartii 311CHIOBATUMETHCS Yepe3 TBOPSIIKOBUI
PIIKOKpUCTATIYHUIMA IHIUKATOP, 110 TOKa3yBaTUME I1HIUKAIIIO.

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

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

VY apyromy 6710111 cxeMu CUCTEMU KOHTPOJTIO TEMIIEPATypH 300payKeHO
rpadiunmnii BUBiA iHopMarii, mo Oyae Matu HacTymHUiA BUrs: rele - on/off, t =
xX°C.
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Pucynok 1.1 - CtpykrypHa cxema CUCTEMHU KOHTPOJIIO TEMIIEPATYpH
1.2 Buip MikpoKkoHTpOJIEPiB Ta aHATI3 iX MapaMeTpiB

B ocrtanHi poxku mnpu po3poOlil CUCTEM KEpyBaHHS BCE OUIbIIE YyBaru
MPUAUIIETHCS MIKpOKOHTpOJIepHIM TexHil Lle moB's3ano 3 ii OypXImMBUM pO3BUTKOM
1  IIMPOKUM  acCOPTUMEHTOM  MpPOMOHOBAaHOI  mpoxaykui.  Bukopuctanhs
MIKPOKOHTPOJIEPIB JI03BOJISIE KOHCTPYIOBATH NPUCTPOT 3 HEBEIMKUMU rabapuTami,
I0 € BYIHOCHO JCHICBUMH, MPOCTUMHU 1 HATIMHUMHU, CYMICHUMH 3 TEPCOHATHLHUM
KOMIT'FOTEPOM Uepe3 CTaHAapTHI HHTepPeicH.

OcHoBHa MeTa Mpu BUOOP1 MIKPOKOHTpoJiepa - 0OpaTH MIKpOKOHTPOJIEp 3
MIHIMAJbLHOIO I[IHOIO, ajie B TOM JK€ 4Yac BIH IOBHHEH BIAIOBIIATH BUMOIaM
IPOAYKTUBHOCTIL, HAAIMHOCTI, yMOBaM 3aCTOCYBaHHsI, TOIIIO.

Hactymamii kpok mnpu BHOOpP!I MIKpOKOHTpOJiEpa — IMOMIYK MOJEICH, SKI
3aJI0BOJIbHSAIOTH CUCTEMHUM BuUMoram. BiH BKiIouae minOip jireparypu, TEXHIUHHUX
ONUCIB 1 TEXHIYHUX KOMEPIIMHUX KYPHAIIB, @ TAKOX JEMOHCTpAIliHI KOHCYJbTALlIi.
OctanHs cTazis BUOOPY CKIAAAETHCA 3 KUIbKOX €TaliB, METa SIKUX - 3BY3UTH CIHCOK
MPUHAHATHAX MIKPOKOHTpPOJIEPIB 10 omHOTO. LI eranu BKIrOYaroTh B ceOe aHai3 I[1HH,
JIOCTYITHOCTI, 3aC00IB pO3pOOKH, MIATPUMKH BUPOOHUKA, CTAOUTLHOCTI Ta HAIBHOCTI
HIIMX BUpOOHUKIB. [IpoBeneHHs CUCTEMHOr0 aHali3y MPOEKTY J03BOJISIE BU3SHAYUTH
BUMOTH JIO MIKpOKOHTpOJIEpa:

® PO3PSATHICTH OOYHCTIOBAIILHOTO S/APA;

e HalOIp BOymoBaHUX nepudepitHuX npucTpoiB (Taiimepu, AL Tomo...);

e amapaTHa opraHiaiis oOpoOKM [gaHuX (CTPYKTypa MAIIMHHOTO ITUKITY,
cmiBBigHOIICHHS TakTiB ['T1 1 MalMHHUX [TUKITIB);

® MOXJIMBICTH POOOTH IO TIEPEPUBAHHIO, 32 30BHIIIHIMUA CUTHAJIAMU TOTOBHOCTI
a00 Mo KOMaHJaM JIFOIUHU;
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® KUIbKICTh KEpOBaHMX TOPTIB BBEICHHSA/BUBOAY, XapakTep Inepenayi -
OaiiT abo OIT, MPOrpaMHE HANAIITYBaHHS HANPSAMKY Mepeaaul;
® THI MIPUCTPOIB BBEIICHHS/BUBOY, IKUMH IOBHHEH KEPyBaTH OOUPAIOTh MIKPO -

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

naBavi, UQPOBI MPUCTPOI BBYAIbHOI IHAUKAIlI, aHATOTO-IIUGPOBI i 1TUdpO-

aHaJIOTOB1 NEPETBOPIOBAY1, MOAYJISITOPU TOLIO);

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

® KUIbKICTh 1 TUIT HAIPYTH >KUBJICHHS;

® MajoradapuTHI Ta €CTETUYHI OOMEKECHHSI;

® YMOBH HABKOJMIIHBOTO CEPEIOBHUIIA, HEOOXIAHI JJIsl eKCILTyaTallii.

Mikpokontponepu  PIC16F877 T1a  PIC16F689  maroth  pexxumu
CHEpro30epeKCHHS 1 MOYKIIMBICTD 3aXHUCTY KOAY IMPOTPaMHU.

VY MikpokoHTposiepu BOymoBaHMi cTopoxkoBuit TaiiMep WDT, sxuii moxe
OyTH BUMKHEHUU TUIbKU B O1TaX KOHQIrypaiii MIKpoKOHTposepa. i miIBUILICHHS
Ha/1MHOCTI cToposxoBui Taiimep WDT mae BacHuit RC reneparop.

JlonatkoBUX JBa TaiiMepa BUKOHYIOTh 3aTpUMKy CTapTy poOoTH
MIKpoKOoHTposepa. Ilepumii, Taiimep 3amycky reneparopa (OST), yrpumye
MIKPOKOHTpOJIEp B CTaHl CKHUJAHHSA, MOKM HE CTaOUIBYeThCS 4acTOTa TaKTOBOTO
reneparopa. Jpyruii, Taiimep BrmoueHHs >kuBieHHs (PWRT), cnpampoBye micis
BKJIFOUEHHSI KUBJICHHS 1 YTPUMYE MIKPOKOHTPOJIEp B CTaH1 CKUAAHHS MPOTATOM 72MC
(TMTIOBE 3HAYCHHA), MOKU HE CTAaOUIBYEThCS Hampyra >KUBJICHHS. Y OUIBIIOCTI
nonarkiB 11 GyHKIli MIKPOKOHTpOJIEpa TO3BOJISIOTh BUKIIOYUTHA 30BHIIIHI CXEMHU
CKUJIAHHSL.

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

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

1.3 Onnc nepudepiiHUX NPUCTPOIB Ta podOTA 3 HUMHU
1.3.1 IocarinoBunii uugpoBuii Tepmonasay T74

TC74 € cepifHO HAOCTYNHUM LHUQPPOBUM MNATYUKOM TEMIEPATYpH, SIKUAN
O0COONMBO MIAXOAWTH IJISi HEJOPOTHX 1 Maimux ModarkiB. JlaHi mpo Temmeparypy
MIEPETBOPIOIOTHCS 3 BOYJJOBAHOTO TEPMOUYTIMBOTO €JIEeMEHTA 1 CTalOTh AOCTYITHUMH Y
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Burisal 8-0iroBoro uugposoro cioBa. 3B's30k 3 TC74 3aiicHIOETHCS depe3 2-
NPOBITHUI TOCTINOBHUN MOpT, cyMmicHUM 3 SMBus/I?C. Lo mmHy Takox MOXHa
BUKOPHCTOBYBATH JIJII MOHITOPUHTY KUTbKOX Touok/06araro 30H. bir SHDN B perictpi
CONFIG MokHa BUKOPHUCTOBYBATH JIsl aKTUBALli PEXUMY OYIKYBAHHS 3 HU3bKHUM
CHEPTOCMIOKMBAHHAM. [eMIepaTrypHa po3AUIbHAa 3JaTHICTh cTaHoBUTH 1°C.
[IIBuAKICT, TIEPETBOPEHHS CTAaHOBUTHL HOMIHATBHY 8§ BuOIipok/cek. Ilim wac
HOPMAaJIbHOI pOOOTH CTpYM CTIOKOI0 cTaHOBUTH 200 MKA (TumoBwmii). I1in wac po6oTu
B PEXHUMI OYIKYBaHHsS CTPYM CIIOKOIO CTaHOBUThb 5 MKA (TumnoBuii). Hepemuki
pO3MipH, HU3bKA BapTICTh BCTAHOBJICHHS Ta MPOCTOTA BUKOpUCTaHHs poOisite TC74
ImealbHIM BHOOPOM IS BHOPOBAHKCHHS TEPMOPETYJIOBAaHHS B PI3HOMAHITHUX
cUucTemMax.

TO-220 S0T-23
O SDA SCLK
51 g
TC74
12345 TC74

5B

NC GND Vpp

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

Pucynok 1.2 — Ctpykrypna cxema T74

TexHIgH1 XapaKTepUC THKU:

TouHicTh - HaiBHIa (HaitHmKk4a): £2°C (£3°C)
Oco0smBocTi: Pexkum o4iKyBaHHS

Po6oua temmneparypa: -40°C ~ 125°C

Tun Buxoxgy: I?*C/SMBus

PozninbHa 3natHiCTh: 7 0

Temmneparypa crpuiinsTrs - micuea: -40°C ~ 125°C
Tun gatauka: nudpoBUid, JTOKATbHUIMA

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

1.3.2 PinkoxkpucrtasivHi ajapaBiTHO-CUMBOJIbHI iHINKATOPH
PKI 13 3HakoCHMHTE3yIOUMM KOHTPOJIEPOM YacTO BHUKOPUCTOBYIOTHCS THPHU
MIPOEKTYBaHHI IIU(PPOBUX MPUCTPOIB.
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PK - naHene BL+
| | | | | | | | | | BL-
1 Vo
&1 Opaiisepn VCC
KoHTponep GND
8 4

DBO-DB7 RS RW E

Pucynok 1.3 — Ctpykrypna cxema PKI

OcHoBoto PKI € maTputis 3 pigkux KpUCTaliB, MOJAI0YU HAMIP YTy HA €IEMEHTH
AKOI MO’KHa "3acBITUTM" KpallKy Ha eKkpaHl. MaTpuisl CKIaaeTbes 13 3HAKOMICIb
(maftyacTime 5*8 mikceniB), 3rpyMnoOBaHUX y KulbKa psakiB. Llum kepye BOymoBaHMiA
koHtposep PKI. B kepye mikcemsimu PK — nucruiero 1 iHTEpQecHOIO 4acTHHOIO
HJIUKATODY.

Pinkokpuctamuni  3HakoinudpoBi  Tablio  HajdeXaTth 0  HAMOUIbII
PO3MOBCIOKEHNX THITIB 1HAUKaTopiB. L1 Haukaropu 6yBatoTh 1,2,4 cTpiukoBUMHU. Y
ctpiuui 8, 12, 16, 20, 24, 40 cumBOJIB, KOXHHUI 3 SIKUX (OpMYyeThCa MpUPTOM
dbopmary 5*8 abo 5*11 mikcenis.

3aBgaHHs MIAKIIOYEHHS 3BOIUTHCA 1O OpraHialii OOMIHYy JaHUMHU MDK
MIKPOKOHTPOJIEPOM Ta BOYIOBaHUM KOHTpoJsiepoM. Hrxde mokazaHi mpuKkiaa cxemu
MIKTIOYEHHS JIJI1 BOCBMHOITHOTO THTEpQeEiCy.

[arepdeiic mae BiciM iHGopmatiiHux niHiA: DB7..DB0 i1 Tpu kepyrounx: RS,
R/W, E. Jlinia RS Buznauae no sikoro perictpy kontposepa PKI mu mparnemo
3BEPHYTHUCS, TOOTO Ky IH(pOPMAIIIO0 MU mepeaaeMo - naHi abo komanau. JliHis R/W
BHU3HAUae HampsMOK mepenadi ganux - 3anuc y PKI a6o yuranns 3 PKI. Jlinis E
BKJIIOYAE (KOJM Ha JIHII BUCOKUW PIBEHb) a00 BUKIIOYAE (KOJM HA JIHII HU3BKHUM
piBeHb) miepenady iHpopmarii, chopMoBaHOi Ha IHIMX IHTEPPEHCHUX IIHIAX.
OcHOBHI MapaMeTpyu HaBeEHI y TEXHIYHIN JiTeparypi.

[aimmianizamis  PKI momsirae B mepemadi  OeKUTBKOX KOMaHA y TICBHIM
nocaigoBHOCTL.. KimbkicTh KOMaHA IHiiadiBanii MOXE BIIPBHATUCS B PIBHUX
koHTpoJiepiB. Ilin wac iHimianBamii kpame He aHaniyBatH mnpanopens BUSY, a
YeKaTH BHU3HAYEHHUI Yac TMepe]l MOCUIIKOI0 HACTYIMHOI KOMaHIW, TOMY III0 TMparoperb
BCTAaHOBJIIOETHCSI HE BiIpa3y, a MICJs MEBHOT KoMaHAW (IUB. natammr). [Himianizarmis
PKI BUKOHY€TBHCS aHANOTIYHO SIK U1 ApaJIebHOTO HTEp(eicy MIAKIIOUEHHS TaK 1
1yt nocpoBHoro (makmodeHHs PKI o 12C uu SPI).

Pizaung Mok 8-01rHUM Ta 4-0iTHUM 1HTEp(delcoM IOJsIrae Juilie B TOMY, 10
npu 4-OiTHIA mepenadl JaHWX HEoOXimHO mojaBath curHamu RS, R/W gk gns
MOJIOAIIOI Tak 1 Jjs crapiioi Tterpaau. Komanam mimianizamni podotu PKI
3aJTMILIAIOTHCS OTHAKOBUMH.



13

VY PKI € 2 Bunu nam'ssti: DDRAM, CGRAM (CGROM). DDRAM - display
data RAM (mam'sath awcries) - Te, IO 3amucaHe B I mam'sti, Oe3MmocepeTHbo
BinoOpaxkaeTbcss Ha aucrel. [l mam'ate Mae HAcTynmHUN agpecHUW MPOCTIp 1
BIITIOBIHE BiMOOpakeHHs Ha auctuiei ( auB. Tabmuns 1.5 ):

Tobto, Te, mo 3anucane B DDRAM 3a anpecoro, Hanpukian, 42h, Oyne
BifoOpakarTucss B TPETId  TO3WINI  HA  JAPYyroMy  PSAKY — JHCILICS.

CGRAM (CGROM) - character generator RAM (ROM) - mam'sTh
3HaKoreHeparopa. I[lam'ath 3HaKoreHepaTopa posaviena Ha CGRAM - noctynHa ajis
3alUCy/dUTaHHS, CIOJU MOXHa 3aduTh 8§ CcBOiX BiacHUX cuMBOJIB 1 CGROM -
JOCTYITHA TUTbKH JIJI1 YUTAHHS.

Tabmuus 1.1 - Ctpykrypa PKI-gucnnero

[Tepumu panox

ITo3wuiri

Kypcop

DDRA
Maddre | 00h [ Olh [ 02h | O3h | 04h | 05h | O6h | O7h | 08h | 09h | OAh | OBh | OCh | ODh | OEh | OFh
SS

Apyruii panox
ITo3umi
'y
Kypcop 1 2 3 4 5 6 7 8 9 |10 11| 12| 13| 14 | 15| 16
y
DDRA

M 00h | 01h | 02h | 03h | 04h [ O5h [ 06h | O7h | 08h | 09h | OAh | OBh | OCh | ODh | OEh | OFh
address

1.3.3 OcobnuBocTi mpotokoay SPI

[MocmimoBuuii nepudepivinuii iHTepdeiic (Serial Peripheral Interface - SPI)
3a0e3Mmeuye BUCOKOIBUAKICHUN CHHXPOHHUNA OOMIH TAHUMH MDK MIKPOKOHTPOJIEPOM
1 nepudepiHUMU TPUCTPOSMH, a TAKOXK MDK JACKUTbKOMAa MIKPOKOHTPOJIEpaMH.

B SPI pexumi MOXIMBI OJHOYACHUM CUHXPOHHMI NpUHOM 1 mepenaya 8-
PO3PAAHUX TaHUX.

Pexxum Begydoro SPI. Beqyunii Moxke IHIIiai3yBaTy repeaady JaHux y Oyab-
SKUI MOMEHT, OCKUTbKHA BIH T€HEpYE TAaKTOBHI CHUTHAJ, 1 BU3HAYa€, KOJIU BEICHUUN
MOBUHEH MEPE/IaTy JIaH1 BUIMOBITHO 0 BUKOPHUCTOBYBAHOTO IIPOTOKOIY.

Y pexumi Beaydoro JAaHl MEPEHalOThCA/MPUHHATI MICHA  IXHBOTO
sanucy/autanas 3 perictpa SSPBUF. Sxmo B SPI pexxumi moTpiOHO TUIBKH
npuiiMary faui, BuBin SDO moske Oyt 3a010koBaHu (HacTpoeHui sk BXin). JlaHi 3
BuBOAY SDI mocninoBHO 3cyBatoThes B pericTp SSPSR 13 BCTaHOBJIEHOIO MIBUIKICTIO.
Koxuuii npwuitaituii O6aiit 3aBaHTaxyethcs B perictp SSPBUF (sx HOpmansHO
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OoTpuMaHui OalT) 3 (OpMyBaHHSAM IEpepUBaHb 1 BIUIMBOM Ha BIANOBIAHI OITH
crarycy. Lsg ¢pyHKmis Moke OyTr KOpHCHA MpH peam3alii "MOoHITopa mrHA".
byap-sika HeOaxaHa (yHKIIISI MOCITIIOBHOTO MOpTa MOKe OYTH BHKIIIOUYEHA,
HAJIAIITOBYIOY M BIIMOBIAH1 O1TH pericTpiB HanpsiMKy Aanux TRIS. Hampuknan, sikino
B pexxumi Benydoro SPI BUKOHYyeThCs TUIBKM mepenada aanux, 1o Busoau SDI i -SS

MOXYTh BUKOPUCTOBYBATHCS K ITU(POBI BUXOAU, CKUHYBIIHM BinnoBinHi 61trt TRIS B
‘0.

1.3.4 PoboTa 3 mpoTokoiom 12C
DS1307 mintpumye oOMIH gaHUMHU MO TpoTokosay [2C mo aBOMpOBimHIN
NBOHanpapiieHi mmH1. [IpucTpiid, SKuil nepegae naHi HA LIMHY, € MepeaaBavyeM, a
NPUCTPIN, NpUMarOuMil JaHi, - BIINOBIIHO NpuiiMadeM. Benyuuil npuctpiii reHepye
cunxpoimmynscu (serial clock - SCL), kepye gocTynom A0 IIMHU 1 T€HEPYE YMOBU
START 1 STOP. DS1307 mpamroe Ha mMHI SK BeAeHUN mpuctpii. Tumosa
KOH(Irypaiiisi IMHU 3 BUKOPUCTaHHAM npoTokoiy [2C HaBeaeHa Ha pucyHky 1.4.

Voo
Rp Rp

-
SDA .
ITaa I12C
scL T
Mikpo- Tt
KOHTPOJIED DS1307 OpHCcTpif

Pucynoxk 1.4 - Tunosa koudirypariis nsomnposigHoi mmHu (12C)

DS1307 na mocmimoBHIM IMIMHI TIpaIioe sSK BeaeHu npuctpid. JocTym 10
HBOTO 3JIIMCHIOETECS BCTaHOBICHHSIM yMOBH START 1 mepemaueto NpHCTPOIO
imeHTHU(IKaIIHHOTO KOy, MICIIS SIKOTO MEePeaacThes aapeca perictpy. Jlo HacTymHOTO
3a 00paHUM PEriCTPOM JIOCTYH 3IMCHIOETHCS TOCTIOBHO, MOKKA HE OyJe BHKOHAHA
ymoBa STOP.

Hwxde omucano mpoiiec mepenayi JaHuX MO JBOMPOBIIHINA 1MHI OCHOBHI
MIPUHIININ TTepenadi ganux mo mmuHi [2C:

e [epedavya JaHUX MOXKe OyTH IHIMIfOBaHA TUIBKH TOJI, KOJM IIHMHA

BUIBbHA;
e 1111 yac nepenadi gani Ha JiHI SDA MOXyTh 3MIHIOBAaTUCH TUIBKH TOJII,
koiu Ha JHiI SCL HU3bKUNA piBEHb, IHAKIIE - 3MIHA JTaHUX

IHTEpIIPETYBATUMETHCS, IK CUTHAI KEPyBaHHSL.
Takum YMHOM, MO>KJIMB1 HACTYITHI CTaHW IITHMHU
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«luna He 3aiiHATa» —Ha JiHIIX SDA 1 SCL 30epiraeTbcsi BUCOKUM
pIBEHb;

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

«3aBepuieHHs nepenadi ganux» (ymona STOP) —3mina crany niHii SDA
3 HHU3BKOI'O pIBHS HAa BUCOKHUH, B TOM uvac sik Ha jiHii SCL BucOKuMiA
pIBCHB;

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

«IlinTBepKEHHA» — KOXKEH aIpecOBaHUN NPHNMAIOUUN MPUCTPId
3000B‘s3aHUN TeHEepyBaTH MIATBEP/KEHHS MICIsI NPUHOMY KOMXKHOTO
Oaifry. Benmyumii mnpuctpiii 3000B‘sA3aHUN TE€HEPYBaTH JOJATKOBHIA
TaKTOBUH IMITYJIbC, SIKMI MPU3HAYCHUH JJ1s1 O1Ta MiATBEp IKSHHS.

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

oOMexeHa
M00anTOBO,

1 BHU3HAYAETbCA BEAy4YUM NpUCTpOeM. [HPopmamis nepenaerbes
1 KOXHHUH OalWT mnpwuiiMad MIATBEPKYE MAeB‘sSTHM Oirom (01T

ninTBepxeHHs - ACK). B cneumdikamii 180X mpoBigHOro iHtepdeiicy BU3HAUYEHI
3BUYAWHUN PeKUM (C TakTOBOIO yacToTor0 100 KI'M) 1 mBUAKUNA peXUM (C TAKTOBOIO
yactototo 400 kI'). DS1307 npaitoe Tuibku B 3BuuaiiHomy pexkumi (100 kI'm).

R/-W — 6ir ynTanHs/3anuc abo OiT HarpsMy niepenadi

Fo= g

-1
1

r
1
il
|
i

X XX . /N

]
]
L TapLm 1
ot ALIPEC e _ |
- BENOMOMD ot = |
HAMPABNEHWA CHrHAT :

RAA™ NoOSGTREFOEHKA

_.; | OT MPHEMHMIKA

CHMHAN
NOOTBERHAEHWA
OT MPWELHLEL

! |

1
YOIOBWE
START

ACK ACK Lo .

MNOBTOPAETCH, ECNW AT R
o HIH MOBTOPEHKME

" rIEPELAETCA BONBLILUEE YCNOBKA START

KONUYECTBO BARTOB

Pucynok 1.5 - [lepenaua nanux no aoxuamnpasieHii muHi (12C)

s HLI[TBepI[)KeHHH HpI/II/IOMy NPUCTPIA Ma€e MIATATHYTH A0 HU3BKOTO PIBHS
aHIFO SDA mg dYac TakTOBOTO IMITyJbCy TakuM YWHOM, IO Ha mHI SDA
3QJIMIIIABCS CTAOUTbHUI HU3BKHUU PIBEHb.
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B 3anexunocTi Bi ctany Oira R/-W MOJMB1 ABa TUIIK Niepenayil JaHUX:

e rfepenaya JaHMX BiI BeAy4dOoro IepenaBada 10 BEIEHOrO MpuiMaya.
(TTepumit  GalT, SKWM TMEpeTacThCS BEAYYHMM, - II€ aapeca BEICHOTO
NPUCTPOIO, 3 SIKUM 3IIMCHIOBaTUMEThCS OOMIH 1H(opmariero. [ami
nepenarTbea Oe3nocepenHbo OailT gaHux. Benenwii moBeprae OiT
HITBEPKEHHS MICIIS KOXKHOTO MpuiHATOTrO OaiTy. [lani nepenarotbes,
MOYMHAIOUH 3 cTapIoro 6ira (most significant bit - MSB);

® JaHi MepelalThCs Bl BEACHOTO IepenaBaya 10 BEIydoro MpuiMava.
(ITepumit  Gaiit (ampec BeACHOTO) MepemacThCs BeayduMm. Benenuit
noBepTae OIT MIATBEPIKEHHS, a 32 HUM IEBHY KUIbKICTh OalTIB JTaHUX.
Benyuuii moBepTae 01T MiNTBEPKEHHSI MICS BCIX MPUHHATUX OalTiB,
KpIM OCTaHHBOTO. B KiHIII OCTaHHBOTO MPUHUHATOrO OANTY MOBEPTAETHCS
"me minTBepaxkeHO" (NACK). Beayuuit mnpuctpii reHepye Bcl
MOCJIA0BHI CUHXpOIMITYJIbCH, a Takok YMOBH START 1 STOP. Ilepenaua
3aBepuryeTbcsi yMoBoro STOP abo moBTtopom ymoBu START. Tak sik
nmoBTop ymoBH START Takok € TodYarkoM HACTYIMHOI TOCTiAOBHOI
nepenayi, TO B TakOMy BHIAJKy IlIMHA HE BHBUIbHSA€ThCA. JlaHi
NepearThCs, MOYMHAIOYH 3 CTapIIoTo OITY).

DS1307 moxe mpaioBaTh B HACTYMHUX JIBOX PEKUMAX:
® pexuM BeneHoro npuiimada(pexum 3armcy DS1307);
® pPEXUM Benydoro nepeganauda (pexum yntanis DS1307).

VY pexuMi BEOEHOTO MpuiiMaua MOCHIIOBHI AaHl npuiiMaroTbes no SDA 1
CI/IHXpOHIBy}OTBCH no SCL. Ilicnst x0>KHOTO HpI/II/IHSITOFO OaTy MepeIacThCs o1T
minrBepokeHss. YmMoBu START 1 STOP posniBHarOThCS SK TOYATOK 1 KIHEIh
NOCJIAOBHOI mepenayl. Po3niBHaBaHHS aapecu BHUKOHYETHCS amaparHo —MICIIs
NpUHOMY aJIpecH BEIECHOTO i0iTa HampsMy repesadi (IuB. pucyHOK 1.6).

<Anpec Begomoro> <RAV= =Cnoeo agpeca (nj= =[aumeie (nj= <[atHbie (i+1)= <[]anHee [N+ X)=

S 1101000 D | A [ XOOKXXX | A | XXOOGOC | A | XCOXXXX | A | XOKXXXX | A | P

Agpec = DOh [{d
J)

MepenaBaemsIe JanH ke
(%+1 DaiToE + NOOTESPMOBHKE)

S-ycnoswe START A - noaTteepwaenne P -ycnoswe STOP

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

Y pexumi Beaydoro mnepenaBadya (pexum uyurtanHs DS1307) nepumit  Oaidt
NPUIAMAETHCA 1 OTIPAIIbOBYETHCS TaK CaMo, SIK 1 B peKUM1 BEJIEHOTO MpuiiMada. Aje B
JaHOMY PEXKHMI OIT HampsiMy Oyne BKa3yBaTH, IO HAMPSAM Iepeaadi MpOTHIICKHUH.
DS1307 nepenae mocainoBHi nani o jiHii SDA moku Ha niHito SCL HagxoasTh
nocaigoBHl Mnyiabcu. YMoBU START 1 STOP po3nidHatoThCs B MOYATKy 1 B KIHII
NIOCJIIOBHOI Tepenadi (AuB. pucyHok 1.7).
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<Anpec BanoMaro= =RAV= < [laHHEE (n)> <[JaHubie (n+1)= <[lakHele (n+2)> =flakHile (n+X)=

S 1101000 1T [ A | XO0OKXX | A | XXXXXKXX | A | XXXO0KXX | A | JOOXXXXX | A | P

I J
Agpec=Dih JrJr
MepesasaenLe fanKsle
S - yenoeme START P - ycnoene STOP {X+1 GaiToR + NOATBEPKAENME)
Eon " MpdMedasde Nocnegkd i GaMT Jamiey
A - NOATBEPKACHUE A - "HENOATBEPHKAEHNE CONPOBGHAAETEA "HENCTREDN BHHEM” | A |

Pucynok 1.7 -Pexxum Benydoro nepenasaya (pexxuM untanns DS1307)

baiit anpecwnepumii OaiT, skuii npuitMaetbes micast ymoBu START,
TEHEepYeEThCA BEAy4YMM MNPUCTpOoeM. BalT aapecu ¢opmyerscs 3 7-0iTHOT ampecH
DS1307, ska BinnoBinae mnocaigoBHocTi 1101000, 1 HacTymHoro Oira Hampsmy
nepenadi (R/-W), sikuii q1st unranss pisHui 1. [licas npuitomy 1 1ekoiyBaHHs Oaiita
azipecu, MPUCTPI BUIae MiATBEpKEeHH Ha JTiHiI0 SDA.
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2 MIPOEKTYBAHHS EJEKTPUYHOI IPUHIUIIOBOI CXEMHU
2.1 Po3poOka cxemMu eJIeKTPUYHOI NPUHIMIIOBOI MiKPOKOHTPOJIepa

VY nmporeci npoekTyBaHHs OYAb-IKOTO MPUCTPOIO, POPMYETHCS HAOIP TEXHIYHOT
JOKYMEHTAIlii 10 IhOMY TPUCTPOIO. B TeXHIUHIA JOKyMEHTaIlli OIMHCYETHCS
napameTpu, podoTa MPUCTPOIO, HEOOXITHI IJIT BUTOTOBJICHHS KOMIIOHCHTH Ta METOIN
13aco0u HamaroKeHHs QYHKIIOHATLHUX MOKJIMBOCTEH MPOEKTOBAHOTO MPUCTPOIO.

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

Enextpuuna mnpuHOMnoBa cxema — 1€ TpadiHe 300paxkeHHS Oya0BH
OpuUCTpor0 Ha (BUUHOMY piBHL JlaHa cxema BinoOpakae KUIBKICTh Ta THII
BUKOPUCTOBYBAaHMX Yy TMPHUCTPOi KOMIIOHEHTIB (PaAlOTEeXHIYHMX €JIEMEHTIB,
MIKpOcXeM, IHTep(hEeHCHHX pO3°‘€MIB, TOIIO...) Ta iX B3AEMOJIIFO OJWH 3 OJHHUM.
[TigkTroYeHHS KOMIIOHEHTIB CXEMH OJIMH JI0 OJTHOTO BITOOpaXae€ThCsl JTHIIMH. 3TITHO
i€l cxemMH BIIOYBa€eThCS PO3BEAEHHS JOPDKOK Ha IUIATl Y BIAMOBIIHOCTI O JHHINA
MIKTIOYEHHS, 300paXXEHUX HA CXEM1, Ta MOHTaX 1 Maiika €JIEeMEHTIB MPOEKTOBAHOTO
OPUCTPOIO. YCi eNeMeHTH, 300pakeHl Ha eJNeKTPHYHI TMPUHIUIIOBIA CXeMli,
nianmucyrThes 3rimHo Bumor JICTY.

Konen enexTpuuHMil MPUCTPIA HE MOXE MpaioBaru 0e3 Kepena Hanpyru
xuBieHHs. [Ipuctpoi, mo noOynoBaHi Ha OCHOBI MIKPOKOHTpOJEpa, 1€ IU(pPOBi
npucTpoi. JlianazoH Hampyru >KUBJICHHS Al TaKuX MPUCTPOIB CKiajgae Bin 1.5 mo
5.5B, a ctpym - nocTiiHui. 11 miAKIIOueHHs [IUPPOBUX MPUCTPOIB 10 Mepexi 2208
BUKOPHCTOBYIOTHCSA TpaHC(OPMATOPHI, IMITYJIbCHI, KOHJIEHCATOPHI OJIOKU >KUBJICHHS
Tomo... JIo Ckiaay HaMOpOCTINIOI CXEMHU BXOJSTh: MOHMXKYIOUMM TpaHchopmaTop,
TIOMHUN MICT, €NeKTPOJITHYHI KOHIEHCATOPH Ta MIKpocxXxeMa crabutiamii (JIuB.
pucyHok 2.1).

Trl
S i VDAl  pp1
~220W ! Lreos [ T ©
famt | = 1 e A
. -

Pucynok 2.1- Cxema ctabutizailii >KUBJICHHS JIJIsl IU(GPOBUX MPUCTPOIB HA
OCHOBI MIKPOKOHTPOJICPIB

KirouoBuM enemeHnToMm B AaHid cxemi € crabiizarop L7805. IcHye nBa BUaU
crabuiizatopa 7805: 3 cTpymMOM HaBaHTaxeHHs 10 1A 1 ManonotyxkHui 78LO0O5 3
ctpymom HaBaHTaxeHHs 10 0,1A. Kpim HuX € mpomibkauii Bapiant 78MO05 3 ctpyMom
HaBaHTaxeHHA 710 0,5A.
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€muicte Cl Ha Bxoal cTaluiizaropa HEOOXIIHA UL 3TJIaJIKEHHS
BHCOKOYACTOTHUX 3aBaJl IMpH Tojadi BxiqHOi Hampyru. €muicts C2 Ha BUXOAl
cTabuti3aTopa 3a/1a€ CTAOUILHICTh HANIPYTH MPHU PI3KIMA 3MiH1 CTPYMY HaBaHTaKEHHS, a
TaKOK CYTTEBO 3HWXKYE aMIUNTyay myibcarid. J[ns #oro HopManbHOI poOOTH
Hafpyra Ha BXoJ11 NoBUHHA OyTH y niana3oHi 10-20 B.

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

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

RC — reneparop na RC-nanij;

XT — cTanpapTHUN KBaplLIOBUM F'€HEPATOP;

HS — BuCOKOUYaCTOTHUH KBapIlOBUI TeHEpaTOP;

LP — Hu3bKOUACTOTHUI MaJIOi IOTY>KHOCTI T€HEPaTOP.

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

MIKTFOYAETHCS KBApIOBHM 00 KEpaMIdHUN pe30HATOP.

DD1

—21RrA3 RAOHZ 71 Gt

3 16 |
—2lra4  oscifer T
_ 4 15 = MHz

RA5  OSC2 .
T g vdd - C2
19

PucyHok 2.2 - Cxema TakTyBaHHs MIKpOKOHTpOJIEpa

Jlns migkIroYeHHsT pe30HaTopa BUKOPHUCTOBYETHCS TUIIOBA CXeMa BUPOOHHUKA.
€MHICTh KOHJIEHCATOpIB MOBUHHA OyTW B 1HTepBail Bin 15 o 22 nd, oauH BUBII
SIKUX MAKITIOYAETHCS 10 PE30HATOPA, a IHIIUN A0 3eMJIL.

Y npuctpoiB, moOymI0BaHMX Ha OCHOBI MIKPOKOHTPOJEPIB mependadeHuid
MEXaHI3M arapaTHoOro peceTyBaHHA. Y MikpokoHtposiepiB PIC16 BuBim, 1o
NPU3HAYCHUN NIl pydyHOro mnepesamycky HasuBaeTbesi /MCLR. AKTUBHUN CUTHAN
ISl CKWIaHHS — I curHaia JjoriyHoro 0, mo momaetbes Ha BXxim /MCLR  mpu
HATUCKaHH1 KHOTIKH S1.

s 3minu nporpamuoro 3ade3nedeHHs MK BukopuctoByeThest po3‘em ICSP.
Jlanuii po3‘em, SIK 1 OJJHOIMEHHUIA MPOTOKOJ OOMIHY, JO3BOJIIE 3MIHIOBAaTH poOoUil
napameTpu MIKpOKOHTpoJiepa 06e3 BUIydeHHs Woro 13 mpuctporo. [lpu npommBanHi
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MIKpoKOHTpoJsiepa Ha HKKY /MCLR nonaetscst curnan pisBHem 15B. Jlanuii curnan
MO3HAYCHO Ha po3‘emi K Vpp. 3aAltoeTbecsi MeXaHBMY JJOCTYIy JO IaM'sTi
MIKpOKOHTposiepa. Jlani mepemarothest 1o mmHI Data ©Ha BHBIL PGD
MIKpOKOHTposepa, npu mpoMy 3 miHii Clock po3‘emy ISCP mnoctymae curnan
TakTyBaHHA. JlaHuil curHan npuiiMaetbcsa BuUBOAOM PGC MiIKpoKOHTposiepa, Ta
BIITIOBIA€ 32 KOPEKTHHUM 3amuc mporpamu y MikpokoHTposep. Curnamm Vss 1 Vdd
3a0€31MeuyI0Th CTAHIAPTHY HAMPYTy KUBJICHHS JJIs1 MIKpOKOHTpOJIepa piBHEM +5B.

Ha enexTpuuHiii NpUHIIMIIOBIA CXEMI MMOKA3aHO SIK B3a€MOJIIIOTh PI3HI BY3JIU
MDK 00010 Ta SIKi KOMIIOHEHTH BUKOPHCTOBYIOTHCS IJISI TIOOYIOBH MPOEKTOBAHOTO
OPUCTPOIO. 3TITHO 1B IIEI0 CXEMOI0 y MOJANbIIOMY (OpPMYBATUMETHCS TPUHITUT
poboTH yci€i cHUCTEMHM Ta aIrOpuT™M (PYHKIIOHYBAaHHS MIKpOKOHTpOJiEpa, SK
OCHOBHOTO BY3J1a KEpYyBaHHSI.

[Ipuctpoi BBeneHHS/BUBEIACHHS — II€ PI3HOTO poAy mepudepiiHi MOy, SKi
MIKTIOYAIOTECA 0  (PYHKIOHAIBHO 3aBEPIICHOr0 TPUCTPOIO JUIT  KEepyBaHHS
po0OTOIO 1FOTO MPUCTPOIO Ta OTPUMAHHS IH(POPMAIIil TPO BUKOHYBAHI HUM (DYHKIII.
Hampuknaz, ans [1K Takumu mpucTposiMu € KJ1aBiaTypa, MUIIKa (IPUCTPOI BBEIACHHS )
Ta MOHITOP 1 IPUHTEP (IPUCTPOi BUBEACHHS).

Jlis  MIKpOKOHTPOJIEPHUX CHCTEM HOMEHKJIaTypa MpPUCTPOiB BBEICHHS YU
BUBEJICHHS Jenlo Hia. [IpuctposimMu BBOy KpiM KJiaBiaTypH (KJ1aBiaTypHOI MaTpuIll)
MOXYTb OyJU PI3HI TaTYUKU — TEIUIa, BOJIOT'OCTI, 3ara3oBaHocTi, [Y-naTdyuku, Towo. ..
B cBo10 yepry nmpuctpoi BUBOY TakoX He 00MexytoThcsi MoHiropoM. st MKC e,
— SK TpaBwio, — 3HakocuMmBOJIbHI abo Tpadiuni PKI, CCI, akycTtuuHi enemMeHTH
(Oinepu, AUHAMIKY), HABiAb 3BUYANHI CBITJIO IO TH.

HaiimpocTimi 13 UMX MNPUCTPOIB BBEACHHS/BUBEJICHHS IHTETPYIOTHCS B
MPUCTPIA Ta MITKIIOYAIOTHCS 0€3M0CEPEAHBO A0 MOPTIB MIKPOKOHTPOJIEpA, MPOTE € 1
TaKi, IJIs MTKIFOYEHHS SIKUX BUKOPUCTOBYIOThCS IHTEP(EHCHI PO3‘ €EMH.

[arepdeiic — y MIKpOKOHTpOJIEpHIA TexHili — 1ie Habip MPOBIIHUKIB, SKI
BUKOPHUCTOBYIOTBCSl JIJI1 MIAKIIOUEHHS 30BHIIIHBOIO MPUCTPOIO BBOIY/BHUBOIY Ta
3a0e3MeuyloTh peat3alilo NPOTOKOIY Mepenadi JaHuX. SIK mpaBuiio, Taki rpynu
MIPOBITHHUKIB 00 ‘€THIOIOTECS B MEXaX OJHOro po3‘eMy. Hampukianm, mid 30BHIIIHIX
npucTpoiB, ki npamooth 1o USART/RS-232 npotokoiy, rpyma NpOBiTHUKIB, SKa
3a0e3neuye 3B‘A30K 13 MIKPOKOHTPOJEPOM OCHOBHOI'O MPUCTPOIO MO IOMY
NPOTOKOJY 00°€nHIOETRCS Y po3‘em Ty D-SUBO.

HaBenena enekTpuyHa NPUHIMIIOBA cX€Ma Mpalioe€ HACTYymHUM yuHOM. [licis
MoJ1a41 ’KUBJICHHS MIKPOKOHTPOJIEP MTOKPOKOBO BHKOHYE TMporpamy, o 3akiajJcHa y
Horo mam'site nporpam. Ilepimm eranom € Hiiaa3ailiss TOPTIB MIKPOKOHTpOJIEpa Ta
Horo BOYJOBaHMX MOAYJIB. AKTUBYEThCA IHTEp(ENC 3B'13Ky Ta BUKOHYETHCS OOMIH
JTQHUMH.
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Pucynok 2.3 - EnextpuunHa npuHnumnoBa cxema po6otu CucTeMu KOHTPOJTIO

TeMIeparypu

Tabmuus 2.1 — Tlepenik eneMeHTIB eIeKTPUYHOT NPUHIIMIIOBOI CXEMU

N2 TI/T1

Ha3Ba eiementa

Ilo3Hnauenus

Howminan

Tpancdopmarop

TR1

220B

Jlio 1HMI MICT

VDS1

D13A4

Perynarop nanpyru

DD1

7805

KBapuesi pesoHaropu

71,72

AMI 11

Ol | W[IN| -

Konnencaropu

Cl,C2,C3,C4

150D
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6 Kongencarop C5 100mMk D

7 Konnencarop Cé6 10mMkD

8 Pe3uctopu R1,R2, R3, R6 10xOm

9 Pesuctopu R4, R5 SkOMm

10 MikpokoHTpoJIepHU DD2,DD3 PIC16F877,
PIC16F689

11 [Mudposuit TepmoaaBad IC1 T74

12 2-psaxoBuii PKI LCD LMO16L

13 Knonka-nepemukay S1,52, S3, S4 SK1-53

14 Pene Rell 12B

15 Jlamma Lal 12B

2.2 CtBopenns npoekty B cepenosuiti PROTEUS VSM

buteiricTh pagioaMaTopiB CTHUKAIUCS 13 CUTYAI[I€l0, KOJM 32 OpakoM JOCBIAY
Yd MPHUCYTHICTh TMOMHIJIOK Yy cXeMi a00 X 3a IHIMUMHA OOCTaBHHAMH, IICYBaIH
paioeeKTPOHHI KOMITOHEHTH.

3'sBuUiIacs BeIMYE3HA KUIbKICTh IPOTpaM CUMYJIATOPIB, IO 3aMIHIOIOTh PEalbHI
panmionerani i mpuiagu, BIpTyadbHUMH MoJemaMH. CHUMYISTOPU IO3BOJIAIOTH, 0€3
30MpaHHsl PEATHHOTO MPHUCTPOIO, HAJIATOJHUTH POOOTY CXEMH, 3HANTH TIOMMUIIKH,
OTpHUMaHI Ha CTaJlli MPOEKTYBaHHS, 3HATU HEOOXITH1 XapaKTePUCTUKH i OaraTo 4oro
Horo. OxaHxiero 3 Takux nporpam € PROTEUS VSM.

Proteus VSM cknanaetbes 13 nBOX camocTiinux mporpam ISIS ta ARES.
ARES e TpacupyBaJbHHK JAPYKOBAHUX IUIaT 3 MOJKJIMBICTIO CTBOPEHHS CBOiX
010mi0TeK. 3amyck mporpamu BinOyBaeTbesi 3 MeHio Ilyck — Ilporpamu - Proteus 7
Professional - ISIS 7 Professional. [lpu 3amycky mporpamu 3'SBISIETECS OCHOBHE
BikHO Tiporpamiu ISIS 7 Professional.

Haitoimpimii  mpocTip BimBeaeHui min BikHO peaaryBanas EDIT WINDOW.
Came B HbOMY BiIOYBalOThCSl BCl OCHOBHI MPOLIECH CTBOPEHHS, peAaryBaHHS W
HaJIaroPKEHHST CXeMU NpucTporo. JliBopyd yropi MajieHbKe BIKHO IOIEPETHBOTO
neperysiny Overview Window 3 #0ro J0rmnomMoror Mos>kHa MepeMillyBaTucs Mo BIKHY
penaryBaHHs (KJIallat0uM JIBOK KHOIKOIO MHUIII MO BIKHY TMOTIEPETHBOTO MEPETIIsITY,
MOYHa TEpEMIIyBaTl BIKHO pEJaryBaHHS 3a CXEMOIO, SKIIO 3BHYAHO CXeMa He
BMIIIa€Thesl y BIKHO). [lepeminryBard BIKHO penaryBaHHs 3a CXEMOKO MOJKHA IE
yrpuMyrouu HatucHyToi kHomky SHIFT Ta pyxaroum Kypcopom MUl MO BIKHY
penaryBanHasa. HabmmkyBaTy ¥ BIQOaasiTH CXeMy Yy BIKHI MOJKHA KHomkamu F6 i1 F7
a0o > kojecoM muii, F5 neHTpye cxemy y BikHI, a HatuckanHsa F8 minranse po3mip
CXEMH IMI1-BIKHO peAaryBaHHs.
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Pucynok 2.4 - OcHoBne BikHO nporpamiu ISIS 7 Professional 1 BikHO
MOTIEPETHLOTO TIEPETIISITY.

[Tig BiKHOM TIOTIEpEAHBOTO Tepersny 3HaxoauThes: Object Selector - crimcok
o0paHuX y 116l MOMEHT KOMIIOHEHTIB, CUMBOJIIB ¥ IHIIMX eJieMeHTIB. BuaiuieHuit y
CIIMCKY 00'€KT BIIOOpakaeTbCs y BIKHI TONEPETHBOIO MEPETIISY.

Bci moxmmBi QyHkIii Ta iHCTpyMeHTH Proteus VSM mocTyrmHi yepes3 rojoBHE
MEHIO, 4Yepe3 MIKTOrpaMu SKl 3HAXOAAThCS I MEHIO 1 y JIIBOMY KyTi OCHOBHOTO
BIKHA Ta uyepe3 rapsiul KJIaBilll, sK1 MOXYTb NEPENpPU3HAUYBATUCS KOPUCTYBAUEM.
BHU3y OCHOBHOrO BiKHA PO3TAlllOBaHi: KHOMKU OOEpTaHHS Ta PO3BOPOTY 00'€kTa
HABKOJIO CBO€I OCi, TIaHENTb KEPYBAaHHS IHTEPAKTHBHOIO CUMYJLINIEIO - BHUTIISIAE SK
MarHitoponHa i ¢ynkuii Taki x: IIYCK , TIOKPOKOBHUU PEXHM,
[TAY3A,CTOIL

ROOT SHEET 1 +H0 400 &

PucyHoxk 2.5 - [lanens kepyBaHHSI IHTEPAKTUBHOIO CUMYJISIIELO.

CepenoBumie  PROTEUS  wmae BenmuuesHy  OI0I0TEKY — €JIEKTPOHHUX
KOMMOHEHTIB. Bci enemenTn nepedyBaroth y 0i0mioTeri komnoHeHTB. 1100 mo Hei
noTpanutu nmoTpioHO neperT B pexkuM COMPONENT (koMMoHEHTH), HATHCHYBIIIN
BinnoBigHy miktorpamy P (Pick devices) a0o aBii KiamHyBIIM JTIBOIO KHOIKOIO B
noJti BuOopy kommnoHeHTiB Object Selector.

KomnoHeHTH MO’KHa BHOMpATH IO KAaTEropiix, Ta y CHHUCKY. 300paKeHHs
KOMIIOHEHTa 3'SBUTHCS Yy BIKHI mnonepennboro mneperssigy. Lo6 posmictutu
KOMIIOHEHT Ha poO0YOMY TI0JII MMOTPIOHO HABECTH KYpCOp MHUIII Ha MOTPIOHE MiCTIE 1
KJIAITHYTH JIIBOIO KHOMKOIO Muil. 11106 3’ €nHaTy BUBOAM KOMITIOHEHTIB MPOBITHUKOM
MOTPIOHO MIABECTU KYpPCOP MHUII 0 BUBOAY KOMIIOHEHTA, IICJIA MOSIBU Ha BUBOJ1
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KOMITIOHEHTA XpECTHKA NOTPIOHO KIJIAIIHYTH JIIBOIO KHOIIKOIO MMIIII 1 IMTIABECTH KYypCOp
MHUIII O BUBOJY IHIIIOTO KOMIIOHEHTA.

== Pck Devices
Macka Pesynerares [B25] TpocaT exet
| UerpoieTes | Bufmorerka | Drucassse A 900 HE BEOPSHO LA MROCHEIT
Cnosa wemiom 555 AMALOG Timer/Dzcilaton
Tt MG TEES AMALOG CMOS Times/Dscilstor
TS AMALOG B Freed 14 Posilive Power Supply Regulato
Kameropus TElE ANALOG BV Froed 14 Positive Powes Supply Regulato PCE Mpocaearp!
[Bee maTeropum) ~ | TBOB AMNALOG 8y Feeed 14 Positive Fowe: Supply Aegulsio
W NACCLIDS Te0s ANALOG 9 Froed 14 Positive Powes Supply Flegulato
1 7810 AMALOG 1OV Finedd T Positive Power Supply Feguish
Capacilore 7z AMALOG 12V Fixedd 1 Positive Power Supply Reguah
CMOS a000 senes 7RIS AMALOG 15V Fiwed 14 Positive Power Supply Regulat &
Conmeciors TE8 ANALOG T8Y Fried 14 Positive Power Supply Regulat wr -~
Laplace Prmilives TEL24 ANALOG 24V Fixed 100mA. Positive Power Supply Fes I_
”"’*Wf* 78540 ANALAG 1.54 Universal Switching Reguistor Subayste 5 f
m""‘“ﬂ’ Cs " 7405 AMALOG 5V Fiead 18 Negalive Power Supply Fagulah i
-t Ve 7906 ANALDG B Feoed 14 Megative Power Supply Regulat
Modelig Prviives 7908 ANALOG 8 Faued 14 Negative Powet Supply Flegulah L 9
Operational Ampdfiers 7909 ANALOG 9 Froed 14 Negative Power Supply Flegulat
Thrdmeldarinenies «~ |0 AMAEOG 10V Fined Tl Negative Power Supply Regulz
7912 AMELDG 12V Fieedl 1 Magative Power Supply Reguls
e stes e 7915 AMALOG 15V Freed 1 Hegative Power Supply Raguls
o e, SEOG  REieRasnes e
i T2 ANALOG 12V Fived 100mé Negative Power Suoply Re | || omema
Marsal rans o 15 AMALOG 25 Fied 100vné, Neoative Power Suook Re

Pucynok 2.6 - bibmoTeka e1eKTpOHHUX KOMIIOHEHTIB.

st Toro, mo0 TeperIHyTH poOoTy cxemu, HeoOXimHwi Buximauid HEX-
daiin. Cepenosunie PROTEUS mninrpumye 6arato 3aco6iB po3pooku, cepen vux 1 HI-
TECH Ci xommimsitop i CROWHILL PIC BASIC 1 BASIC STAMP. Tlonepenuso
HEX-¢aiin mnoBuHeH OyTH CTBOPEHHUH 3 BHUKOPUCTaHHAM  CEpEIOBUIIEM
nporpaMmyBaHHs MikpokoHTpoJiepiB Bix ¢ipmu MICROCHIP, a came MPLAB.
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3 PO3POBKA ITPOI'PAMHOI'O 3ABE3ITEYEHHSA MKC
3.1 Po3podka aaroputmy ¢pynkunionyBanusa MKC

AJNTrOpUTM — 1€ MOCJIIOBHICTh, CHCTEMA, HaOIp CUCTEMAaTU30BaHUX MPABUII
BUKOHAHHS 00YHCIIIOBATILHOTO TMPOLIECY, 0 000B'S3KOBO MPUBOIUTH J0 PO3B'sI3aHHS
MEBHOTO KJACy 3aaad MICHsA CKIHYEHHOTro 4uuciia omepamiid. [lpuw  HanmcanHi
KOMIT'IOTEPHUX MPOTpaM aICOPUTM OIUCYE JIOTTYHY MOCTIAOBHICTH oneparid. J{is
BIBYAJIbHOT'O 300pa)KE€HHS alTOPUTMIB BUKOPUCTOBYIOTh OJIOK-CXEMH.

brok-cxema — cxemarndHe 300paXeHHS MOCIITOBHOCTI Jii, CIIPSIMOBAaHUX Ha
JIOCSITHEHHSI CIUIbHOI METH Ta iX ocoOsmBocted. Po3ain mporpamu, y sIKOMY
BiIOYBA€THCS 3aHECEHHS 3HAYCHHS 3MIHHUX TOJAETHCS Y BUTIBIAI Mapajenorpama, B
SKOMY TIepepaxoBaHi iMeHa UX 3MIHHUX. Po31i1 mporpamu, y sikOMy BiTOyBa€eThbCs
BHKOHAHHS TIEBHOI Omepallii moaeThes y popMi MPSIMOKYTHUKA, a PO3AUT MEPEBIPKU
yMOBU — y (opmi pomba. KpiM TOro MoXyThb BHUKOPHCTOBYBATHUCH PO3JUTH, SKi
MOBTOPIOIOTh TMEBHUM HAOIp KOMaHJ I IHIIOTO AHAJIOTIYHOTO BHMANKy. Taxi
pPO3JUTM HA3MBAIOTh OJOKOM PIEHTUYHUX OIepalii Ta 300paxyloTh Yy BUIUIIAL
mecTUKyTHHKA. [lle omuH po3ail, MmO € MOMMPEHWM Yy TMporpaMax — Iie PO3JIUT
BUKOHAHHA MiAIporpaMu. 300paxyeThcsi BIH y (QOpMI MPSIMOKYTHHKA 13 JBOMA
BEPTUKAJIBHIUMH CMYTaMH 10 KpasixX (Girypu Ta 3anucom Y HbOMY Ha3BH nmnporpaMH

Koxen anroputm € cnuckoMm 100pe BU3HAUEHUX HCTPYKIINA SIS PO3B'sI3aHHS
3anayvl. [louynHarouu 3 MOYATKOBOTO CTaHY, ]HCTpYKHll ITOPUTMY OIHCYIOTh MPOLIEC
OOYHMCIICHHS, SIKI BigOYBalOTbCS Ye€pe3 TMOCHIOBHICTh CTaHIB, $Ki, 3pEIITOIO,
3aBEPIIYIOTHCS KIHIIEBUM CTAHOM.

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

[IporpamMue 3a0e3reyeHHs MIKPOKOHTpOJepa HeoOXigHO OyayBaTd 3
MaKCUMAJILHUM BHUKOpPUCTaHHSIM Tmepudepii. [lpu mpoMy sapo HEe BHKOHYBaTUME
0e3J1141 pyTUHHUX OIeparlii.

[Ticns BKIIOYEHHS JKUBJICHHS CEpBICHA IMporpama IOYHHAE MPOBOIUTU
Himarkaniro. Ha mnodarky mnporpaMu NPUKPILTIOETBCS — hailr 0100 TEeKH
MIKpOKOHTpOJIepa, IICJIS YOro OTOJIOIIYIOTHCS OITH MOPTIB 1 PEricTpU IMaM'siTi, SKi
BUKOPHUCTOBYIOTBCS B Tporpami. MIKpOKOHTpoJiep Ma€ BUIbHI JJIsl BUKOPUCTAHHS
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:
® TPHUCBOEHHS MOYATKOBUX 3HAYEHBb 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, MPU3HAYCHUX I HAIAINTYBaHHS BCIiX mepudepiiftHux
MOJTYJIIB y BUXITHUHN CTaH;

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

JIns BUKOpPUCTAHHA y MPOTpami KOHCTAHT 1 3MIHHUX HEOOXITHO iX MONEpETHbO
onmucatu Ta orojocuTd. KoHcTanTa - 1€ mnpocTo JesKe YHUCIo, L0 YacTo
BHUKOPHUCTOBYETHCS B IPOTPaMi, 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 po3ymiloTh iM's perictpa, abo aapecy KOMIPKH MaM'siTi, e B TpoIleci
BUKOHAHHS MporpamMu Oye THMYacoBO 30epiraTucs 3a3falieriib HeBiTOMa BEJIMUHHA,
a00 MPOMDKHUN pe3yJbTaT O0YUCIICHD.

Din  [louarok
{ ) Dout [JouaTor

THIIITAJIIBALA MK
HAJAIITYBAHHA NOPTiB
MSSP SPI

THILTAJIISALLLA MK
HAMALITYBAHHS NOPTIB
MSSP SP1

L

‘r OTPH\IaHHﬂ AAHHX
Orpumanns Ta 3 Ul na U2
3AMHC ¥ 3MIHHY

nani 3 T74
Y
Y Miaroroska gaunx
JJI BHRE/JACHHA HA
BeranoBiaeHHn 2-psakosnii PK1

rpaHHlb 338 10N0MOT0H
KHONMOK

A

L Beranoriennn pee
¥y Bianosiaue
MOJ0MKEeHH

Mepeaaua aanux
ua U2

Pucynok 3.1 - brok-cxemu po6oTu CuCTEMHU KOHTPOJIIO TEMIIEpaTypu
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3.2 KoupirypyBaHHSI MNPHUCTPOI0 3 BUKOPUCTAHHSIM JHPEKTUBH
__CONFIG

CimeiictBo MikpokoHTpoJiepiB PIC16 mae Habip cneuianbHuX (QYHKIIH,
NPU3HAYEHUX U1 PO3IIMPEHHS MOXJIMBOCTEH CHUCTEMH, MIHIMI3allli BapTOCTI,
BUKJIIOUEHHS HaBICHUX KOMIIOHEHTIB, 3a0e31eyeHHs MIHIMaJILHOTO
CHEPTOCITOKMBAHHS 1 3aXUCTy Koy Bix 3uuTyBaHHsI. B PIC16 peam3oBani HacTymHi
CrieliaTbH1 PYHKIII :

BUOIp TUITy T€HEPaTOpa;
CKHJIaHHS,
cXeMa CKUJAaHHS 10 BKIFOUEHHIO KUBJICHHS ;
taiimep ckunanns (DRT);
crtopoxoBuii Taiimep (WDT)
pEXUM MOHMKEHOTO eHeprocnoxubanHs (SLEEP);
3aXUCT KOAY Bil 3UMTYBaHHS;
O1tn imeHTudIKarii.
B perictpi KoH}Irypaiii onucyroThest 01T KOHPIrypailii, B Kl BXOASTh:
01T 3aXUCTy
01T 103BOJTy pOoOOTH TaliMepa BKIIFOUCHHS KUBJICHHS
01T 103BOJTy poOOTH CTOPOIKOBOTO Taiimepa
BUOIp TUITy reHepaTopa
bitn koHdirypartii 3agatotecs 3a qonmoMoroto gupektusu _ CONFIG.
@parMeHT 3aroJioBKy IpHU HalTMCaHHs nmporpamu 11t MikpokoHTtposepa PIC16F877 3
BUKOpHUCTaHHSIM MOBH C:
CONFIG(FOSC _XT&WDTE OFF&PWRTE_OFF&CP_OFF&BOREN_OFF&L
VP_OFF& CPD OFF & WRT_OFF &DEBUG_OFF);

@®parmMeHT 3aroJjioBKy IPU HATUCAHHS MPOTPaMU JJIsi MIKPOKOHTpOJIepa
PIC16F 689 3 Bukopuctanusm MoBu C:

#include <pic.h>
__ CONFIG(FOSC_HS&WDTE_OFF&PWRTE_OFF&CP_OFF&BOREN_OFF&L
VP_OFF&CPD_OFF&WRT_OFF&DEBUG_OFF & MCLRE_ OFF);

3.3 HanmucaHHA Kepyo4oi nporpamMm 1Jisi MikKpOKOHTpoJiepa

[licnst BKIIOUEHHS JKUBJIEHHS CEpBICHA MporpaMa MOYMHAE MPOBOJUTHU
HimlanBaniro naHux. Ha mowaTky mporpamu NpUKpILIOETbCA (ain  010y10TeKn
MIKpOKOHTpOJIEpa, IICJIS YOro OTOJIOIIYIOTHCS OITH MOPTIB 1 PEriCTpH IMaM'sITi, SKi
BUKOPHUCTOBYIOTBCA B Tmporpami. JlaHuii TWUN MIKPOKOHTpOJEpa Mae BUIbHI ISt
BUKOPHCTAHHS KOMIPKHU MaM'sITi 1, OO MPU KOKHOMY 3BEPHEHHI 10 NIEBHOI KOMIPKH
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HE OMKCYBATH il aJpecy, Ta MOJErUTH (GOPMYBAHHS MPOTrpaMH - TMPUCBOIOETHCS 11
Ha3Ba.
V noHATTS HIiaI3aIl BXOIUTh:
® TPUCBOEHHS MOYATKOBUX 3HAYEHBb BCIM 3MIHHUM MIPOTPaAMU;
® HaJAITyBaHHS BCIX BHYTPINIHIX CUCTEM MIKPOKOHTPOJIEPA;
® BITHOBJICHHS PEXUMIB POOOTH CHCTEMH, BCTAHOBICHUX Yy TIOMEPEIHBOMY
ceaHcl poOOTH LUIAXOM 3YUTYBAHHSA BIIMOBIIHUX MapaMeTpiB 13 (piem-nam'saTi;
® BUKOHAHHS MIANPOTpaM, MPU3HAYEHUX MJII YCTAHOBKH BCIX TepHQepiiHuX
MIPUCTPOIB CXEMHU TO3UINIOHEpA y BHUXITHUA CTaH (OYHUINCHHS IHAWUKATOPIB,
MITBEPDKEHHS KOMaH/IM 3YIIMHKH JIBUTYHA TOIIIO... );
® BUKOHAHHS MIINPOrpaMU 3allyCKy CHUCTEMHHUX JIYWIbHUKIB-TaliMEpIB 1

MeXaH13MY MepepruBaHb MIKPOKOHTPOJIEPA.

KpiM KOHCTaHT, $Ki, BIIMOBIZHO 10 CBO€EI HA3BU, MPOTITOM YChOTO Yacy
po0OTH TIpOoTpaMH HIKOJIM HE MIHSIOTHCS, Y TIpoTpaMi ICHYrOTh 3MiHHI1. [1i1 3MiHHOTO B
nporpami po3yMieTbCsl iM's perictpa, abo agpeca KOMIPKM Ham'sTi, e B MpOILeci
BUKOHAHHS MpoTrpamMu Oyjie TUMYacoBO 30epiraTucs 3a3najierias HEeBITOMa BEJIMYMHA,
a00 MPOMDKHUIA PE3yJbTAT O0YUCIICHbD.

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

[lepiioro YacTUHOIO HAIIOTO MPOEKTY OyJO HAMUCAHHS TEKCTY MPOrpaMu JJist
MEPIIOTO MIKPOKOHTPOJIEpa, MO0 BUKOHYE (DYHKITIO OJIEpaHHSI AAHHUX 3 MPHUCTPOIO
T74 Ta BCTAaHOBIICHHS TPAaHMYHUX 3HAYEHB, @ TAKOK OOPOOKY Ta mepeaady aHuX Ha
npyruii MK.

HaBenenuii Hmwkue MOAyJdb MporpamMy 3AIMCHIOE IHIIATBAI0 TOPTIB
mikpokontposepa PIC16F877 monyns SPI:

#include "MK _init.h"

/l---- onmc PYHKITIH -----=-=-=- === === === -=-

void MK _init(void)

{

/I--HanaurryBanss noptis--//

TRISA=0b00000011;//1 Ta 2 BuUBOAM - II¢ BHBOAM, SKi BCTAHOBJIIOIOTH TPAHHMIN 3a
JIOTIOMOTO0 KHOIIOK

TRISB=0b00100011;//1 Ta 2 BUBOaM - OTprMaHHs nanuX 3 T74, 6 - kepyrounii BuBin SPI

TRISC=0b00101000;/*4 Ta 6 BHBOIM - 11 BUBOM TEpeaadi JaHUX 3a MPOTOKoIOoM SPI */

[]---===-—--- MSSP SPI -----------

/[--- SSPSTAT

SMP=0;// onuTyBaHHS BXOLY B CEpEMH 1 MePioy BUBCICHHS JaHUX

CKE=0;// Bubip (GpoHTY TaKTOBOIO CHTHAJy, JaHi MEPEHAOTHCS IO 3aTHBOMY (POHTY
curHainy Ha BuBing SCK

/l--- SSPCON1

CKP=0;// naninepenarothcs 1o 3aqHb0oMYy (GpoHTY curHany Ha BuBin SCK

Il Pesxum pobotu moayiast MSSP:



Il Benyunii pexxum SPI, TakroBuii curaan = Fosc/4
SSPM3=0;
SSPM2=0;
SSPM1=0;
SSPMO0=0;
SSPEN=1;
GIE=0;
}

[Ticns Hiianizanii MU BUKOHYEMO HAIMCAHHS Kepyrodoinporpamu y daini main.c :
#include "MK _init.h"//minkmrouaemo daiin i iiarizanii MK
#include "12C_p. h "//Ta ¢aiin mporpamuoi peaizaii mpotokony 12C

[Hanaemo HamMM KHOTIKaM 3MiHHI, JUTS 3p YIHIIIOTO HAMMCAHHS MTPOTPaMH:
#define Inc RAO //kHomKa 30UIbIIICHHS 3HAYEHH S
#tdefine Dec RA1 //kHoOIIKa 3M€EH IEHH S 3HAYEHHS

/I---- orosoreHHs T100 ATBHUX 3MIHHH X ------
unsigned char T;// 3minHa s 3anucy Temmeparypu y nam’satb MK
unsigned char gran;//3aminHa 115t BCTaHOBJICHHSI TPAHUYHOTH 3HAYCHHSI

/I---- OrosomyemMo (yHKITIO 1151 iepeaadi qanux Ha Apyruid MK ---------------—-
void spi_trans(unsigned char dat);
/l---- ommC PYHKILI --------=-==-==--=--==-
void spi_trans(unsigned char dat)

{

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

RB5=1;

}

/-~ OCHOBHA TTPOTPAMA -------nnzem oo
void main(void)

{

MK _init();//dyr kst in iyianizamii MK

/I-- mporpamua peanizaris 12C ----------

i2c_start_p();

i2c_trans_p(0b10011010); //1001101* - AS (tranceive)
i2c_trans_p(0x01); /I CONFIG-reg
i2c_trans_p(0b01000000); Il 3amyck konBepraritii ADC
i2c_stop_p();

__delay_ms(200);
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/------- YUTAHHS PE3y/IbTaTIB BUMIPIOBAHHS -----------
i2c_start_p();
i2c_trans_p(0b10011010); //1001101* - A5
i2c_trans_p(0x00); [ITEMP-reg
i2c_start2_p(); /I moBTopuuiit CTAPT
i2c_trans_p(0b10011011); /l3mina Hapsmy 100110141 (receive)

T=i2c_recieve nack p();// untanHus H}opMar iifHOTO OAliTY TEMIIEpaTypu
i2c_stop_p();

[Ticnst TOrO, SIK MM OTPUMATIHM Ta 3alUCATH JaHi MPO TEeMIIepaTrypy, MOKHA TepenaTH JaHy
Hdopmarriro Ha npyruit MK 3a mormomMororo mponucanoi (yHKIlii TPOTOKOJTY:

spi_trans(T);
while(1) {

B nanomy nukii Mu 6yaeMo peanizoByBaTH poOOTYy KHOIOK:
/l pysKIisT 17151 0OpOOKK KHOMKH 30 UThIIICHHS TPAHUYHOTO 3HAYCHHSL:
if(Inc==0)
{
while(Inc==0){} /ouixyBaHHs BiITHCKaHHS KHOIIKA
gran ++;//iHKpeMeHTAaIl is 3HAUCHHS
spi_trans(gran);//mepenanus oaep:kaHOro 3HaYeHHs Ha Apyruil MK

¥

Il pys KIS 17151 0OpOO KK KHOIKH 3MEH IICHHSI TPAHUYHOTO 3HAYCHHS :
if(Dec==0)
{
while(Dec==0){} //ouikyBaHHS BiITHCKAHHS KHOITKA
gran --;// iekpemeHTaI it 3HAUCHHS
spi_trans(gran); //mepenanns oxepkaHoro 3HaYeHHs Ha apyruit MK

¥
¥
¥

Jlpyroro 4YacTHHOIO HAINOTO MPOEKTY OYII0 HANMKMCAHHS TEKCTY MPOTpamMH sl JIPYroro
MIKpOKOHTpOJIEpa, 110 BUKOHYE (PYyHKI[iFO oepkaHHs JqaHu X 3 nepmoro MK ta BUBOAUTH OTpUMaHi
naniHa 2-psakoBuii PKI.

HaBenenuii HuX4e MOIylb MPOTpaMH 3[AIMCHIOE IHIIIANi3allif0 MOPTIB MIKPOKOHTpOIepa
PIC16F689 ta momyns SPI:

#include "MK _init.h"

/l---- omuC PYHKILI --------=-==-==--=---=-

void MK _init(void)

{

/I--HananryBanus nopTis--//

TRISC6=0;//BuBin kepyBanus npotokoiay SPI

TRISC=0; //mopt BuBeaeHHs iz Gopmarrii Ha PKI

TRISA=0b00011000;// mepi 3 BuBOIM - 11€ Kepyroui BuBoau PKI

TRISB5=0;//8uBin kepyBaHHs peje



OneprkaHHA AaHUX 3 TIEPIIOTO MIKPOKOHTpOJIepa BiOyBa€eThCs 110 BUBOAAX:
TRISB4=1,
TRISB6=1;

Hacrynuuii ¢parmenT xoxy 3ailicHIOE iHiianizaiito perictpiB Moaymst SPI:
fl----------- MSSP SPI --------—-- - em -
Il--- SSPSTAT

SMP=0;// onuTyBaHHS BXOy B CEpeIH 1 Iepioly BUBEICHHS TaHUX
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CKE=0;// Bubip ¢poHTY TAaKTOBOrO CHTHAIly, JaHi MEPEAAlOThCS 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;
SSPM1=0;
SSPMO0=0;
SSPEN=1;
GIE=0;

RS=0;

RwW=0;

E=0;

}

[Ticns Hiianizamnii My 30IICHYEMO HAIMMCAHHS KeP Y401 nporpaMu y daini main.c :

lloromorryemo Ta onucyeMo (GyHKIT IO MpuitoMy AaHuX Bif mepmoro MK 3a 1aHUM MPOTOKOJIOM

unsigned char spi_receive(void);
/I---- oric QYHKIH ------=--=-=m=m--m -
unsigned char spi_receive(void)

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

void main(void) {

MK_init(); // gyrkuis iinianizanii MK
lcd_init(); //dys ks iminianawii PKI

/Tl e Mo 3aroTOBKY /TSt BUBEACHHS 3HaueHb Ha expadi PKI:
lcd_str(“rele - ™);

lcd_pos(0,1);

lcd_str("T= C");

I[BuxoHyeMo 3unTyBaHHs HaHuX 3 nepioro MK, a came temneparypu 3 T74:
T=spi_receive ();
gran=spi_receive ();

while() {
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[HacTynHuii ¢parMeHT 31iiiCHIOE BUBEACHHS OTpHMaHKX gaHuX Ha PKI:

//BI/ISHaLIeHHSI TPAHHUYHOT'O 3HAYCHHS 10 AKOIO HAe peiic 6y21€ 3AJIN IATUCH BUKITFOUCHUM :
if(T <= gran)

RB5=0;
Icd_pos(7,0); //BcranoBieHHS Kypcopa B 7 MO3HIIIO MEPIIOTO PsIKA
lcd_str("off");

Icd_pos(7,1); //BcranoBneHHs Kypcopa B 7 MO3UILIO IPYTOTo psiKa
sprintf(MAS, "%x", T); /BuBecHHS TeMIepaTypu
lcd_string();
¥
[[Slxiio >k 34unMTaHe 3HAYEHHS TeMIepaTypu OUIbIIE BCTAHOBJIEHOTO TPAHMYHOIO YHCIIA, TO B HAc
BiIOYBA€THCS BKIIOUEHHS pesie 1 BUBEICHHSI OTPMMAHOTO 3HAYCHHS:
else
{
RB5 =1;
Icd_pos(7,0); //BcTanoBaeHHs Kypcopa B 7 TO3HMILIO MEPILIOTO PsIKa
lcd_str("on™);

lcd_pos(7,1); //BcTanoBaeHHs Kypcopa B 7 TO3HMIIIO APYTrOTO psaKa
sprintf(MAS, "%x", T); /BuBeieHHS TEMIIEPATYPH

lcd_string();
4
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Pucynok 3.2 - Po6oua cxemu B PROTEUS B pexxrMi BUKITFOUEHOTO peie
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BUCHOBKUA

B mporeci KypcoBOTO MPOEKTYBAHHSI PO3TIITHYTO TPUHIAIIKA TPOEKTYBAHHS
OpUCTPOiB 1 cucteM, MmO TMOOYIOBaHI 3 BUKOPHCTAaHHAM OJHOKPUCTAIHHUX
MIKpoKOHTposepiB (¢ipmu Microchip. [1ig yac BUKOHaHHS MPO€EKTYBaHHS 3AIMCHEHO
3aKpIUICHHS TEOPETHYHUX 3HAHh Ta MPAKTHYHUX HABHYOK TIO peai3allii erariB
MPOCSKTYBaHHA. Y3aralbHeHO TEXHIYHUN matepian Jjisi (popMyBaHHS OCHOBHOI imei
MPOEKTYBaHHA. 3AIMCHEHO aHali3 BXPIHUX JaHUX, OOIPYHTYBaHHS 1 CHUHTE3
CTPYKTYpHOI cxemH. JleTambHO pO3IISIHYTO CKJIQAOBI amapartHoi YacTUHU 1X
MpU3HAYCHHS 1 0COOMMBOCTI yHKITIOHYBaHH:. [IpoaHani3oBaHO JOKYMEHTAIIIIO, 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 Tiporpamoro sPlan. [l HamwcaHHs 1 Baro J»KEHHS IPOTrpaMHOTO
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 Pa30M 3 MporpamMaropamu JJis 3alricCy 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 MPU3HAYEHHS.

[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 3a6e3nedeHo ¢ynkiionyBanas MKC 3rigHo BapiaHTy.

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