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PE®EPAT

TexcToBa yacTuHA KypcOBOTO MpOEKTY: 35 cTopiHOK, 19 pucyHkis, 2 Tabmuip Ta 8
MOCHUJIaHb.

O06’exT mpoekTyBaHHS - “CHucTemMa KOHTPOIIIO TeMIepaTypu’ .

MeTta mnpoekTy - JOBEpIIMTH CBOi HABUKU Y PpO3pOOII CTPYKTYpHOI CXEMH,
enekTpuyHoi npuHIUnoBoi cxemu MKC, cTBOpeHHSI POEKTY 3 BUKOPUCTAHHSIM MPOrPaMu
PROTEUS, po3po6ui anroputmy (yukuionyBanass MKC, a Takox HamucaHHSI Kepyr4oi
MporpamMu JjIsi MIKPOKOHTPOJIEPIB. 3aKpIMUTH TEOPETUYHI 3HAHHS 3 OCHOBHUX ITOHSTH
mucIuIuIiag “MikpokoHTponepu Ta ix [17.

Pesynbprar poboTH Haa KypcOBUM MPOEKTOM TOKa3aB, IIO 3aBASKA BUKOPHCTAHHIO
JBOX TPOCTHUX MIKPOKOHTPOJIEPIB Ta MOIYyJs pEaTbHOTO 4Yacy MOXHA CTBOPUTH
HNOBHOLIHHY CHUCTEMY MOHITOPUHTY TEMIIEpaTypH.

MK, T74, SPI, 2-psnxosuii PKI, SPLAN, MPLAB IDE.



[TEPEJIIK YMOBHUX ITIO3HAYEHD

ALII AHasoro-1u@poBi epeTBoproBayl

BIC Benuki iHTerpanpHi cxeMu

I3 I'mobanpHa 3agaua

I'TI ['eHepaTop TaKTOBHUX IMITYJIbCIB

33 3arajbHa 3a7a4a

3MII 3amaui Maynoi po3MipHOCTI

MK MikpoKoHTpoJIep

MKII MIiKpOKOHTPOJIEPHI PUCTPOI

MKC MikpoKOHTpoOJiepHa cxema

H3 Haiinpocrimni 3agayi

OMK OnHOKpHUCTAJIbHI MIKPOKOHTPOJIEpH

[1311 [TocTiitnuii 3anam’ ITOBYIOUMI IPUCTPii

LAIT [Mudpoananorosi nepeTBoproBayi

LTI [{eHTpanbHUI TPOLIECOPHHI IPUCTPIi

M [IupoTHO-IMITYIbCHA MOTYJISLIIS

12C Inter-Integrated Circuit (MixiHTerpanbHa cxema)
SPI Serial Peripheral Interface (ITocnigoBuuii nepudepiitHmii

iHTEepdeiic)
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BCTYII

TunoBumu npeacraBHukamu RISC-mipouiecopiB € PIC-konTponepu (Periferial
Interface Controller — xonTponepu nepudepiiiHux iHTEpdeiciB) BUpOOHHMITBA (GipMu
MicroChip.

PIC-xoHTpoJsiepu 3aCTOCOBYIOTBCS y CHUCTEMAaxX BHUCOKOIIBHAKICHOTO KEpyBaHHS
aBTOMOOUTPHUMHM ¥ €JIEKTPUYHUMHU JBUTYHAMH, MpHIagax M0OyTOBOI €JIEKTPOHIKH,
teneoHHux npucTtaBkax 3 ABH, cuctemax oxopoH# i3 CHOBILIEHHSM 10 TeJedOHHIH TiHii,
MiHI-ATC. Oxkpemi BuUMIipIOBaNibHI 1H(OpPMALIIHI CUCTEMHU BIIPI3HAIOTHCS PO3PSIHICTIO
[13T1(mocTiitHO 3amaM’siTOBYIOUOTO IpUcTporo): Bix 12 mo 14 6it ansa cepii PIC16Cxx, 16
o1t — s cepii PIC17Cxx.

3aBIsAKU CKOpOYEHINW KITbKOCTI KoMmaHAa (Big 33 m0 35) yci KoMaHaAW 3ailMaloTh y
nam’siTi ofHe cnoBo. Yac BUKOHAHHS KOKHOI KOMAaHIU, KpIM KOMaHJ PO3TalyXeHHS,
CTAHOBUTh YOTHUPH TakTH — ofuH 1uka (200 Hc Ha uvactori 20 MI'm). OnepaTtuBHUIT
3arnaM’sITOBYBAJIbHUM TPUCTPI BUKOHAHO 3a CXEMOIO 3 JIOBUIBHOIO BHOIPKOIO 3
MO>KJIMBICTIO O€3IOCepeIHbO1 aapecallii y Ko KOMaHIu 10 OYIb-IKO1 KOMIPKH.

Crek pearni3oBaHO amapaTHO 3 riaubuHo 2, 8 ado 16 xomipok. Maibxke B ycix PIC-
KOHTpOJIEpax € CUCTEMa MepepuBaHb, JUKEPEIOM SKUX MOXe OyTH TaliMep, a TaKoX 3MiHa
CTaHiB CUTHAJIB Ha Jesakux Bxoaax. ¥ PIC-kontponepax nependauenuit 6it 3axucry 1311,
110 3ano0irae HeJleraIbHOMY KOTIOBAHHIO.

Benuki interpanbhi cxemu PIC16Cxx matots BOyaosani I13I1 emuictio Big 0,5 no 4
kinocaiB 1 O3II(oneparuBHO-3an1aM’ ITOBYIOUMI TPUCTPIid) eMHICTIO 32-256 Oaiit. OcCHOBHA
YacTMHA KOHTpPOJIEpiB Mae ogHOKpaTHO mporpamoBanuid [I3I1, ogHak nesiki KOHTposepu
Mmictath 11311 3 ynerpadioneroBum ctupanssm, a PIC 16C84 mictuth mam’sTh mporpam i
nam’sTh AaHux Ha 0a3i [1311 3 e1eKTpUYHUM CTHUpPAHHSIM.

Kpim Toro, KOHTpOJEpH MalOTh BijJl OAHOTO /10 TPhOX TaliMepiB, BOYJOBaAHY CUCTEMY
cKkuJlaHHd, watchdog Taiimep, BHYTpILIHIA TaKTOBUH TeHEpaTOp, KUl MOXKE 3alyCKaTHCs
SK B1J KBapIlIOBOTO pe30HATOpa, Tak 1 Biag RC-naHiora y mmpokomMy aiana3oHi 4actoT — 0-
25 Ml Kinekicts po3psaiB noptiB — 12-33. Koxxuuit po3psn TOpTYy MOKHA
3amporpaMmyBaTy Ha BBEICHHs a00 Ha BUBEJCHHS.

Kontponep PIC16C64 nonatkoBo mae Buxin 3 IIIIM, 3a 10mmoMororw sSKoro MoskHa
peamnizyBatu L{AII 3 po3psiaHicTio 10 16 po3psiiB, a TAKOXK MOCTITOBHUN JBOHANPSAMICHUN
cunxponnuit opt 3 iHTepPeiicamu SPI, 12C, SCI/UART. PIC 16C71 i1 PIC 16C74 maroTh
BHYTpimHIA  8-po3psauuii  ALII 13 mnpuctpoem BuOUpaHHS/30epiraHHs 1 BXIJHUM
aHAJIOTOBUM MYJIBTHUILIEKCOPOM.



1 PO3POBKA CTPYKTYPHOI CXEMU MKC

1.1 Amnagi3 3aBIaHHA Ta CMHTe3 CTPYKTYpHOI cxemu MKC

[Tpu mpoektyBanHi MikpokoHTpodepHux mpuctpoiB (MKII) a6o cuctem (MKC)
MO>KHa BUKOPHCTOBYBATH OJIOKOBO-1€papXiyHM MiAXiJ, MpH skoMmy ysBieHHS nmpo MKII
a6o0 MKC, 1o mpoekTyroThCsl, pO34JIeHOBYIOThCS Ha l€papxiyHi piBHI. Ha Bumomy piBHI
BUKOPUCTOBY€ETbCSI HAWMEHII JEeTalli30BaHe YSABJICHHS, IO BigoOpaxae JHUIIE TUIbKU
3arajibHi pUCH 1 OCOOJMBOCTI CUCTEMH, 110 MPOEKTYeThcss. Ha HACTYymMHUX PIBHSX CTYIIHBb
nopoOUllb PO3TISAY 3pOCTaE, MPHU IOMY CHCTEMA pO3IJIAIAETHCA HE 3arajioMm, a
okpemMuMHu OnokamMu. Takui miAXiJg 03BOJSIE HA KOXKHOMY piBHI (OPMYITIOBAaTH 1
BUPIIITYBATH 3a/1aul IOMyCTUMOI CKJIAIHOCTI, 10 MiIJAI0ThCs YCBITOMIICHHIO W PO3YMIHHIO
JIOAMHOIO Ta PIIEHHIO 3a JONOMOIOI0 JOCTYHNHHMX 3aco0iB. [lepeBarn Takoro miaxony
MOJISATaIOTh B TOMY, IO CKJIaJIHA 3a/a4a BEJIMKOi pO3MIPHOCTI pO30UBAETHLCA HA TPYMH 3a/1a4
MaJioi pO3MIPHOCTI, SIK1 MOCTIAOBHO BHPIIIYIOTHCSA, IPUUOMY BCEPEAMHI TPYyN pi3HI 3a1ayl
MOXKYTh BUPIITYBATHCS MapayiebHO.

CtpykTypHa cxeMa — II€ CXeMa, Sika BHU3HA4a€ OCHOBHI (DYHKIIIOHAJIbHI YaCTHUHU
BUpOOy, 1X B3a€MO3B'S3KM Ta npu3HaueHHs. i GyHKIIOHATBPHOI YAaCTUHOI PO3YyMIIOTh
CKJIQJIOBY YaCTHUHY CXEMH: €JIEMEHT, MPUCTPii, (PyHKI[IOHAIBbHY Tpymny, (YHKIIOHAJIBHY
JIAHKY.

CtpykTypHa cxeMa Mpu3HavYeHa IJis BIIOOPaKeHHsI 3arajbHOi CTPYKTYPH MPUCTPOIO,
TOOTO HOTO OCHOBHHMX OJIOKIB, BY3JiB, YaCTHH Ta TOJOBHUX 3B'S3KIB MK HHMHU. [3
CTPYKTYPHOI CXeMH TTOBUHHO OyTH 3p03yM1JI0, HABIIIO MOTPIOHUM JaHUM TPUCTPIH 1 SIK BIH
Mpalioe B OCHOBHUX DPEXHUMax pOOOTH, SK B3a€EMOMAIIOTh WOTO dYacTUHH. [lo3HaueHHS
€JIEMEHTIB CTPYKTYPHOI CXEMH MOXYTh OOHMpATHCh IOBUIBHO, XO4Ya 3arajbHONMPUHHSATHX
MPaBUJI BUKOHAHHS CXEM CJIiJl JOTPUMYBATHUCh.

O0’eKTOM JIOCHIIPKEHHSI JIaHOTO KYpCOBOTO TMpoekTy € CucremMa KOHTPOJIIO
TEeMIIepaTypH, 1110 TpaIfoe Ha OHOBI 2 MikpokoHTposepax PIC16F876, PIC16F883.

PoGora mnpunagy 3abe3neuyeTbcsi MOCTIOBHUM LU(PpOBUM TepMmoaaBaueM 174,
TpaHUYHI 3HAYCHHS VIS IKOTO OyIyTh BCTAHOBIIOBATHUCH 3@ JOIIOMOT OO0 KHOTIOK.

Busiz iHpopMallii 341CHIOBATUMETHCS Y€pPE3 ABOPSIKOBUIA P1IKOKPUCTATIYHHIMI
1HIUKATOP, 10 MOKa3yBaTUME 1HIUKAIIIIO.

CrpykrypHa cxema MKC misg CucteMu KOHTPOJIIO TeMIEpaTypyd BH3HAYa€
OCHOBHI (pyHKIIOHAJIbHI YaCTUHU BUPOOY Ta 3a3HayeHa Ha pUCYHKY 1.1.

[lepmmii 610k JaHOT CXE€MHU BIAMOBIIAE 32 3UMTYBaHHS 1HpopMalii. B noganbimomy,
HaIll JaH1 MicJIsg 3YUTYBaHHS MPOUIYTh Yepe3 JBa MIKPOKOHTpoJiepa 1o mpotokoiy SPI.

VY apyromy 6so11i cxemu CrcTeMu KOHTPOJITIO TeMIIEpaTypu 300pakeHo rpadiaHmii
BUBIJ iHGoOpMallii, o Oyae MaTh HacTymHUK BUursa: rele - on/off, t = x°C.



PIC16F876

Kuonku

PKL 2psian

PIC16FS83 f

Peae

Pucynok 1.1 - CtpykrypHa cxema CUCTEMU KOHTPOJIIO TEMIIEpaTypu

1.2 Bubip MikpoKoHTPoOJIepiB Ta aHAJI3 IX napaMeTpiB

B ocrtanHi poku npu po3poOili CUCTEM KepyBaHHS BCe OLIbIINE yBaru MPUILISETHCA
MIKpOKOHTpOJIepHiil TexHimi. lle moB'si3ano 3 i OypXJIMBUM PO3BUTKOM 1 IIUPOKUM
ACOPTUMEHTOM TPOMOHOBAHOI MPOAYKIli. BUKOpUCTaHHS MIKPOKOHTPOJEPIB 103BOJISE
KOHCTPYIOBAaTU MPUCTPOi 3 HEBEJIUKUMU TrabapuTaMu, 10 € BiJHOCHO JICIICBUMHU,
MPOCTUMU 1 HAIIMHUMHU, CYMICHUMHU 3 MEPCOHAJIBHUM KOMI'IOTEPOM uepe3 CTaHIapTHi
iHTEpdeicu.

OcHoBHAa MeTa TMpu BHOOpPI MIKPOKOHTpoOJepa - 0OpaThd MIKPOKOHTPOJEP 3
MIHIMQJIBHOIO I[IHOIO, ajJe€ B TOM K€ dYac BIH IIOBUHEH BIJANOBIZATH BUMOIaM
IPOJYKTUBHOCTI, HAAIITHOCT1, yMOBaM 3aCTOCYBaHHS, TOLLO.

HactynHuii kpox mnpu BHOOpI MIKPOKOHTpojiepa — TMONIYK MoJeeH, sKi
3a/I0BOJILHSIIOTh CUCTEMHUM BUMoOTram. BiH Bkitouae mialip jgiTepaTypu, TEXHIYHUX OMHCIB
1 TEXHIYHUX KOMEpUIMHMX >KypHaliB, a TaKoX IEMOHCTpaliiiHi KoHCyibTalii. OcTaHHs
cTazis BUOOPY CKJIAMAETHCS 3 KUIBKOX €TaIliB, METa SIKMX - 3BY3WTH CIUCOK NMPUHHATHHX
MIKPOKOHTpOJIepiB /10 oaHoro. Lli ertanu Bkiro4aroTh B cebe aHami3 IIHHW, JOCTYITHOCTI,
3ac001B PO3pOOKH, MIATPUMKH BUPOOHUKA, CTAOLIHPHOCTI Ta HASBHOCTI 1HIIMX BUPOOHUKIB.
[IpoBeneHHsT CHUCTEMHOTO aHANI3y TMPOEKTYy JO3BOJSIE BU3HAYUTH BHUMOTH  JIO
MIKpPOKOHTpOJIEpa:

® PO3PSAIHICTH OOYHCITIOBAIBHOTO SJIPa;

e Habip BOyaoBaHux nepudepiitnux npuctpois (Tatimepu, ALII Too...);
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e amapaTHa oOpraHizamia oOOpoOkM JaHuX (CTPYKTypa MAIIMHHOTO  IHKIY,
criBBigHOIMEHHS TakTiB ['TI 1 MaTMHHKMX IUKIIIB);

® MOKJIMBICTH POOOTHU MO MEPEPUBAHHIO, 32 30BHIIIHIMUA CUTHAJIaMUA TOTOBHOCT1 200
0 KOMaH/1aM JIFOJINHU;

® KITBKICTh KEpPOBAaHMX TIOPTIB BBEJCHHS/BUBOJIY, XapakTep Iiepenadi - OaT
a0o 01T, MporpaMHe HaJaIITyBaHHS HAMPSIMKY Iepeaayl;

® TUIT TIPHCTPOIB BBEICHHS/BUBOJIY, SKUMH TOBHHEH KEPyBaTH OOHWPAIOTh MIKpO-
KOHTpOJIEp B IIPOCKTOBaHINA cucTemi (TepMiHAJIM, BUMHUKaAYi, peie, KIapilm, gaBadi,
udpoBi MpUCTPOi BIZyalIbHOI 1HAMKAIli, aHamoro-mudpoBi ¥ 1UdpPo- aHAIOTOBI
NEePETBOPIOBAYl, MOIYJISTOPH TOIIO);

® IITPUMYBaH1 CIIOCOOM 3aBaHTAXKEHHS IPOrpaM B MIKPOKOHTPOJIEP, - MOKIUBICTh
BHYTpIIIHbOCUCTEMHOTO  nporpamyBaHHs  (ISP),  BukopucranHs  mnpu  LbOMY
cranaaptuzoBanux iHrepdericis (SPI, 12C);

® KUIBKICTb 1 TUIT HAIIPYTH KUBJICHHS;

e MayiorabapuTHI Ta €CTETUYHI OOMEKCHHS;

® YMOBH HaBKOJIMIIIHBOT'O CEPEIOBUIIA, HEOOX1/IHI JJIS eKCILTyaTallii.

MikpokonTtposnepu PIC16F876 ta PIC16F883 maroTh pexumu eHepro3oepexeHHs 1
MO>KJIMBICTh 3aXHUCTY KOy IIPOTpaMHu.

Y MikpokoHTpoJiepu BOymoBaHuii cropoxkoBuii TaitMep WDT, sxuit moxe OyTu
BUMKHEHUH TIIbKHU B 0iTax KOH(pirypartii MikpokoHTpoJiepa. s miaBuilieHHs HaIIHHOCTI
cropoxoBuii Taiimep WDT mae Bnacuuit RC reneparop.

JlonaTkoBUX /Ba TaiiMepa BUKOHYIOTh 3aTPUMKY CTapTy poOOTH MIKpOKOHTpOJIEpa.
[lepmmii, Talimep 3amycky reneparopa (OST), yTpuMye MIKPOKOHTPOJIEP B CTaH1 CKUJIAHHSA,
MOKM HE CTa0UMi3yeThCS 4YacTOTa TAaKTOBOTO TeHepaTtopa. Jpyruid, TaiimMep BKIIOYCHHS
xuByieHHs1 (PWRT), cripaniboBye micisi BKIIOYEHHS KUBJICHHS 1 YTPUMY€E MIKPOKOHTPOJIEP
B CTaHl CKUJAHHSA NOPOTAroM 72Mc (TUIIOBE 3HAYEHHs), IOKH HE CTaOUII3yeThCA
Hampyra SKUBJICHHS. Y OUIBIIOCTI MOAATKIB Ii (DYHKIIT MIKPOKOHTpOJEpa JA03BOJISIOTH
BUKJIFOYUTH 30BHIIIHI CXEMU CKUIAHHS.

Pexxum SLEEP npusnauenuit nis 3a0e3neueHHs HAJHU3bKOTO €HEProCIOKHUBAHHS.
MikpokonTposiep moxke Buiitr 3 pexkumy SLEEP 1o curnainy 30BHINIHBOTO CKHIAHHS, 110
NEPETIOBHEHHIO CTOPOKOBOTO TaliMepa ado MpU BUHUKHEHH] TIEpEpPUBaHb.

Bubip pexumy poOOTHM TaKTOBOTO TE€HEpaTopa JO3BOJISIE BUKOPUCTOBYBATH
MIKpPOKOHTPOJIEpPH B pi3HUX noAaTkax. Pexum TtaktoBoro renepatopa RC mosBosisie
3MEHIIUTH BapTICTh MPHUCTpo0, a pexuMm LP 3HM3uTH eHeprocnoxuBaHHs. biTn
KOH(Diryparrii MiIKpOKOHTPOJIEpa BUKOPUCTOBYIOTHCS JIJISl BKa31BKU PEKUMY HOTO POOOTH.

1.3 Onuc nepudepiiiHux NpucTpoiB Ta podOTA 3 HUMU

1.3.1 TMocainoBHuii uudposuii repmonaay T74

TC74 € cepiiiHo HOCTYIMHUM ITU(GPOBUM JATYMKOM TEMIEpPATypH, SIKU OCOOJHMBO
MIIXOIUTh JJIsl HEAOPOTUX 1 MaluX A0JAaTKiB. JlaHl mpo Temreparypy MepeTBOPIOIOTHCS 3
BOYJIOBAaHOI'O TEPMOYYTIMBOTO €JIEMEHTa 1 CTalOTh AOCTYIHUMU Yy BUIIIAIl 8-0ITOBOTO
udpoBoro ciosa. 3B's130k 3 TC74 3a1iCHIOETBCS Yepe3 2- MPOBITHUM MOCTITIOBHUM MOPT,
cymicanii 3 SMBus/I?C. [0 mmHYy TakoX MOKHA BUKOPHUCTOBYBATH JJii MOHITOPHUHTY
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KUTbKOX To4ok/6arato 30H. bir SHDN B perictpi CONFIG mMokHa BUKOPUCTOBYBATH ISt
aKTUBALlli peXUMY OUIKyBaHHS 3 HU3bKUM €HEPrOCMOKMBAHHAM. TeMIeparypHa po3iibHa
3natHicTh cTaHoBUTh 1°C. IBHAKICTP TEPETBOPEHHS CTAaHOBUTH HOMIHAJIbHY 8
BubOipok/cek. Ilin yac HOpManbHOT POOOTH CTPYM CIOKOIO0 CTaHOBUTH 200 MKA (THMOBHIA).
[lin yac po6oTH B PEXKUMI OUIKYBAHHS CTPYM CIIOKOIO CTaHOBUTH 5 MKA (THUIIOBHUH).
HeBenuki po3mipu, HU3bKa BapTiCTh BCTAHOBJICHHS Ta MPOCTOTa BUKOPHUCTAHHS POOJIATH
TC74 ineanbHuM BHOOpPOM Ui BIPOBAKEHHS TEPMOPETYIIOBaHHS B PI3HOMaHITHUX
cucTeMax.

TO-220 SOT-23
O SDA SCLK
5] 4
TC74
2345 TC74

T B §
NC GND Vpp

1
OgD
ng

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

VDD —

Pucynok 1.2 — CtpyktypHa cxema 174

TexHI4HI XapaKTePUCTHKU:

TouHicTh - HaliBuIA (HalHMK4Ya): £2°C (£3°C)
OcobmuBocTi: Pexum odikyBaHHS

Po6oua temneparypa: -40°C ~ 125°C

Tun Buxony: [*°C/SMBus

Po3aineHa 3qaTHICTE: 7 0O

Temneparypa cipuidHsTTS - Micuesa: -40°C ~ 125°C
Tun natuuka: nudpoBul, JOKATbHUMA

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

1.3.2 Pinkokpucraniuni andaBiTHO-CMMBOJILHI IHIMKATOPH

PKI 13 3HAKOCHMHTE3YIOUUM KOHTPOJIEPOM YaCTO BHUKOPUCTOBYIOTHCS TIPH
MPOEKTYBaHH1 ITU(POBUX MPUCTPOIB.
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PK - naHenb BL+
BL-
/]
—t— Vo
o1 [paiisepu VCC
KoHTponep GND
A A A
8 _I-
Vv

DBO-DBY RS RW E

Pucynok 1.3 — CtpykrypHa cxema PKI

OcnoBoto PKI € marpund 3 piaAKux KpUCTaJIIB, MOAAI0YN HAMPYTYy HA €JIEMEHTHU SKOi
MO>KHA "3aCBITUTH'" KpanKy Ha ekpaHi. Marpulid CKJIalaeThCs 13 3HAKOMICIh (HaiyacTiiie
5*8 mikceniB), 3rpynoBaHuX y KiibKka psaakiB. [{lum kepye BOynoBanuii koutposep PKI. Bin
kepye mikcenasimu PK — qucriiero 1 iHTepdeiicHOI0 YaCTUHOIO 1HAUKATOPY.

Pinkokpucramiuni 3HakomudpoBl TabI0 HajeKaTh 10 HAWOLIBIIT PO3IMOBCIOIHKECHUX
TumiB iHANMKaTopiB. L1 innukatopu OyBatoTh 1,2,4 crpiukoBumu. Y crpiui 8, 12, 16, 20,
24, 40 cuMBOJIB, KOXHUH 3 AKuX QopmyeTbes mpudrom hopmary 5*8 abo 5*11 mikcenis.

3aBIaHHS ~TIAKIIOYCHHS 3BOJAWUTBCS J0 oOpraHizamii oOMiIHYy JaHUMH MK
MIKpOKOHTPOJIEPOM Ta BOY/IOBaHMM KOHTpojepoM. Hipkue mokaszaHi MPUKIA] CXEMU
I1IKJITFOYSHHS JIJI1 BOCBMHOITHOTO 1HTEepdeicy.

[aTepdeiic mae BiciMm iHpopMamiitnux diHiA: DB7..DB0 1 Tpu kepytouux: RS, R/W,
E. Jlinis RS Bu3Hauae 10 sikoro perictpy kontposiepa PKI Mu niparaemo 3BepHyTHCS, TOOTO
Ky 1H(opManilo MU nepenaeMo - AaHi abo komanau. JliHis R/W BH3Hauyae HampsMok
nepenaui nanux - 3anuc y PKI abo uwmtanus i3 PKI. Jlinis E Bkitouae (koium Ha JiHIT
BUCOKMI piBeHb) a00 BUKIIOYA€E (KOJW Ha JIHIT HU3bKUU pIBEHb) Mepedady iHdopmarii,
chopmoBaHOi Ha 1HIMX 1HTep(delcHuX NiHisTX. OCHOBHI MapaMeTpy HaBelEHl Y TeXHIYHIN
JiTeparypi.

Inimiamizamis PKI nmonsirae B mepenayi IeKiIbKOX KOMaHJ y MEBHIM MOCTIAOBHOCTI.
KinpkicTe KOMaHp iHIIiATi3amii MOXKe BIIPI3HATHCS B Pi3HUX KOHTpojepiB. Ilig wac
1HIIiami3anii kpaime He aHaiizyBatu mpamoperb BUSY, a yekaTtu BU3HaueHUN yac mepen
MOCWJIKOIO HACTYITHOT KOMaH/IM, TOMY IIIO MPanopeilb BCTAHOBIIOETHLCA HE BiApasy, a Micis
neBHOi kKoMmauau (auB. matammT). [wimiam3zamis PKI BuKOHyeThCS aHAIOTIYHO SIK 1St
napajiesbHOro 1HTepdeicy MiIKIIOUeHHs Tak 1 i nociigoBHoro (miakmrodeHHs PKI mo
[2C uu SPI).

Pizuung mix 8-06iTHHM Ta 4-01THUM 1HTEpQECOM TMOJIsITae IUIe B TOMY, 0 TIpH 4-
O1THIM mepenayi 1aHuX HeoOX1HO nmogaBatu curHanu RS, R/W sk nis monommoi Tak 1 ajis
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crapmoi Tetpaau. Komanau iHimiamizamii po6otu PKI 3anumaroTecs oqHAKOBUMU.

Y PKI € 2 Bunu nam'sati: DDRAM, CGRAM (CGROM). DDRAM - display data
RAM (mam'site qucruiesi) - Te, 110 3alMcaHe B Iil maM'aTi, OE3MOCePETHbO B1IOOPAKAETHCS
Ha pucruiei. Lls mam'siTh Mae HacTymHMIA aApecHU IPOCTIp 1 BiAMOBIAHE BiMOOpaKeHHS Ha
nucruiel ( auB. Tadauis 1.5 ).

Tobto, Te, mo 3amucane B DDRAM 3a anpecoro, Hanpukian, 42h, Oyxae
BiZloOpaxkaTtucss B TpeTid mo3uiii Ha apyromy psnaky aucivies. CGRAM (CGROM)
character generator RAM (ROM) nam'sth 3HakoreHneparopa. Ilam'sith 3HaKoreHeparopa
po3ninena Ha CGRAM - nmoctymHa Juisi 3amUCy/dUTaHHS, CIOAM MOXKHA 3aJUTH 8 CBOIX
BiacHuX cuMBoiB 1 CGROM pocTynHa TUTBKY JIJI1 YUTAHHS.

Tabmums 1.1 - Crpykrypa PKI-gucmnero

[lepmmii psimok
I
03U 5
K
Jpcopy 01 |2|3)|4|5]68
D
DRA
M Oh | 1h | 2h | 3h | 4h | 5h | 6h | 7h 8h | 9h | Ah Bh | Ch Dh Eh Fh
addre ss
Hpyruit psaiok
I
O3HIIi 5
Kypcop ¥y
0 1 2 3 4 5 6
D
DRAM

al| Oh | 1h | 2h | 3h | 4h | 5h | 6h | 7h 8h | 9h | Ah | Bh | Ch Dh Eh Fh

ddress

1.3.3 Po6ora 3 nporoxkosiom UART

UART (Universal Asynchronous Receiver Transmitter) mnpexacraBisie co00r0
yHIBEpCAIbHUI AaCHHXPOHHUU NpuiioMonepenaBady. BiH mpu3HaAYeHW ISl MOCIHIIOBHOI
nepenadi aHux. ['0J0BHOIO OOJACTIO 3aCTOCYBAaHHS ACHHXPOHHOI Tiepenayl JaHuX, SK
MpaBuJIO, € HE OOMIH IAaHUMH B CKJIaJ[l CXEMU, a KOMYHIKAI[isl MK OJIOKaMu PO3/IJICHUMU B
MIPOCTOPI, SIKI MaIOTh O3HAKH BJIIACHOTO 1HTENEKTY. [IpruKkiiagoM MoXke CITy>KUTH 3B 30K MK
MEPCOHAIBHUM KOMIT'FOTEPOM 1 MPHUHTEPOM, MOJEMOM, MPOrpaMyIOuUM IPUCTPOEM abdo
PEriCTpaTOpOM JaHUX.

[Ipu acuHXpOHHIN Nepenayl JaHUX TaKTOBUW CUTHAJl HE MEPeNaeThCsl Ha BIAMIHY Bij
BUIIAJIKy CHHXPOHHOI MocHioBHOI mepenaui manux depe3 SPI intepdetic. Ile Bucysae
CTpOT1 BUMOTH JI0 PO3MOLTY 1HTEpPBAIIB Yacy B KaHAJIaX Mepenadl Ta MpuioMmy.

VY HalmpocTinmomMy BUNAAKY JIJIsi KOMYHIKaIlll M) JBOMa MPUCTPOSIMH JIOCUTh MaTH
MpOCTE 3'€IHAHHA 3a JOTIOMOTOI0 TPhOX JIiHIN: nepenatodi il mpuitmaronbHi JiHli Tx0 it RxO0,
a TaKOX JIHI{ 3a3eMJICHHSI.
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B cranmapti RS-232 Bu3HaueHi BUCOKUH 1 HU3bKUI PIBEHB Hanpyru. byno npuitHsaTo,
mo B iHTepdeiici RS-232 Oyayts aisté mudposi piai +3 1 -3B (pucynok 1.4). Hanpyru
Buie 3B mpuiiMaioTh 3a CUTHANU JIOTIYHOTO HYJS , a OyAb- AKi Hampyru Huxde -3B —
joriyHoo oauHmieo. Hampyra B mianma3zoni Bifg -3B g0 +3 BBakaeThcsi curHaimamu 0e3

A

Pucynox 1.4 - Peanizamis intepdeiicy RS-232 na ¢izuunomy piBHi

[lo mpuumHI BiJICYTHOCTI CHHXPOHI3allli, SIKa MOKAa3y€ IMOYATOK 1 KiHEIb KOKHOTO
OailTy, 0alT MaHWUX MPUXOJUTHCS MOYMHATH CTOMOBUM 1 3aKIHUYBAaTH CTAPTOBUM OiTaMH,
00 npuiMabHI TPUCTPOI MOTJIM PO3MI3HABATH TMOYATOK 1 KIHEIh Mepeadi 0ainTy JaHuX.
CraproBuii OIT 3HaXOJUTHCS HA MOYATKYy KOXKHOro OaiTy. B miHii mepepadi B pexumi
OUIKYBaHHSl Jl€ BUCOKMU piBeHb Hampyru. [lpu BuBOA1 OaiiTa B JiHII BCTaHOBIIOETHCA
HU3BbKUU piBEHb. [HTEpBaJl CTApTOBOIO CUTHATY TaKUM AK y 01Ta JaHUX.

BianoBinHO [0 BU3HAYeHHA craHaapty V.24, y JiHii nepenadl AaHUX y CTaHi
OUIKYyBaHHS BCTaHOBJEHUM piBeHb Jor. 1. Ilepegauya Moxe OyTu moudara B Oyab-sKUA
MOMEHT 4acy. Jlns Toro mo6 nepenatu npuiiMayy MOBIIOMIIEHHS PO MOYATOK IMepeaadl,
MOCUJIA€Thesl cTapToBUil OIT 3 piBHeM Jjor.0. ITicas 1poro nepenarThes po3psau AaHux (y
O1IBIIOCTI BUMAJKIB 7 a00 8, iXHE YMCIIO 3yMOBIIIOETHCS B MIPOTOKOJI1 NIEpeayl JaHuX ), IpH
[IOMY CIIOYATKy MEePEIAETHCS MOJIOIINM 3HATYIITUH O1T.

JIist miABUIIIEHHST HAIMHOCTI TIepeIadil IaHuX MOKe OyTH MoJaHuii 01T mapHOCTI. bit
HapHOCTI1 JOMOBHIOE PO3PSAAN JAHUX TAKUM YMHOM, L0 JOCSTAETHCS IMpsiMa MapHICTh (cyma
BCiX OITIB, BKJIFOUAIOUM OIT MApHOCTI, MapHUi) ab0 HempsiMa MapHICTh (Cyma BCiX OITiB,
BKJIIOUAIO4YM OIT mapHOCTI, HenapHa). HeoOXinHuii BUJ mapHOCTI (BiACYTHICTb, MpsMa YU
HEemnpsiMa) TaKOK MOBUHEH OyTH BU3HAYEHUIN y MPOTOKOJII MIepeaayl JaHuX.

[lepenaua 3akiHuyeThCs CTON-01TOM 3 piBHeM Jjor. 1. [licns BignpaBieHHs cron-6iTa
JiHIA JAHUX 3HOBY MEPEXOJUTh y BHUXIJHUWA CTaH OYIKYBaHHS # roToBa JI0 HACTYIHOI
nepenaui. Yacosa miarpama mepenaui Oaiita ESh (11100101b) 3 mempsimoro mapHicTiO i
cronbiToM yepe3 iHTepdeiic Tumy V.24 nokasaHa Ha pucyHky 1.5.
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Pucynok 1.5 - Yacosa giarpama mepenaui 6aiita ESh (11100101b).

VY 3B'A3Ky 3 TUM, 110 TAaKT AJSl CHHXPOHI3AIll Iepeadi He MePEeCUIaeThCs, MOYATOK
po3psAy MOXe OYTHU PO3MIZHAHO TUIBKK MO BUMIPIOBAHHI 4Yacy, 110 MPOMIIOB 3 MOMEHTY
MOsIBM crajardoro GppoHTy cTtapToBoro 6ita. Came ToMy HEOOX1JHO BU3HAYATH IIBUJIKOCTI
nepeaadi JaHuX, SKi € OO0OB'S3KOBUMH IS TepeAaBalibHOI W IpUHMar4oi CTOPOHU. Y
crauaapti RS232 noriuna oguuuig HazuBaeThes "mark, mpu 1[bOMY piBEHb CUTHANy Ha
miHii  (-5..-15B). Jloriunwmii Hynb y crapmapTi RS232 HasuBaetbes "space", #Homy
BIJIMIOBIJIa€ piBeHb curHainy +5..+15B. V BiicyTHOCTI mepenadi Ha JiHII 3aBXKAM JIOTIYHA
onunuiisg. [Ipo moyaTok mepenadi HaHUX CUTHANI3ye cTapT Oit (oriyHuil Hy’b). Kinenp
nepeaavi JaHUX MO3HAYAETHCS CTOI 01TOM (JIOT1YHA OJUHULIS).

1.3.4 OcobauBocTi nporoko.y SPI

[Mocninopumii mepudepiitnuii  inTepderic (Serial Peripheral Interface - SPI)
3a0e3neuy€e BHUCOKOUIBUIKICHUM CHUHXPOHHMI OOMIH JaHUMH MK MIKPOKOHTPOJIEPOM 1
nepudepiitHIMU TPUCTPOSIMH, a TAKOXK MK JIEKIIbKOMa MIKPOKOHTPOJIEPAMH.

B SPI pesxxumi MOxITHMB1 OTHOYACHUN CHHXPOHHUN MPUHOM 1 mepefava 8- po3psaHux
JAHUX.

Pexxum Bemxydoro SPI. Bexyuuit mosxe iHiIianizyBatu nepeaady JaHux y Oyab- KU
MOMEHT, OCKUIBKH BiH T€HEpPy€ TAaKTOBHM CHUTHaJ, 1 BHU3HAYa€, KOJM BEICHUN TOBUHEH
nepesaTy JaHi BIAMOBIHO 10 BUKOPUCTOBYBAHOIO MPOTOKOIMY.

VY pexuMi Beaydoro JaHi MepeaaroThCs/MPURHATI TICHS iIXHBOTO 3aMUCy/YUTaHHS 3
perictpa SSPBUF. fkmio B SPI pexxumi notpiOHO TUTbKHM NpuiiMatu naHi, BuBig SDO moxe
OyTtu 3abnokoBaHui (HacTpoeHU# sik Bxixa). Jlani 3 BuBoay SDI mociaigoBHO 3CyBarOThCS B
perictp SSPSR i3 BcTaHoBieHO0 mBHAKICTIO. KOXKHUI TPUIHATHI OaliT 3aBaHTAXKYETHCS B
perictp SSPBUF (sik HOpManbHO oOTpuMaHui O0alT) 3 (QopMyBaHHSM mMepepuUBaHb 1
BIUITUBOM Ha BiAMOBiAHI OiTH crarycy. s QyHkiis moxe OyTH KopHCHaA TIpH peaizalii
"MOHITOpa IIUHU".

bynp-sika HebakaHa (QyHKIIS TOCTIJOBHOTO TMOpPTa MOXKE OyTH BUKIIOYCHA,
HaAJAIITOBYIOYM BIANOBIJHI OiTU pericTpiB Hampsmky gaHux TRIS. Hampukinan, sikimo B
pexumi Benydoro SPI BUKOHYEThCS TUTBKH Tiepeiaya JaHuX, To BUBoau SDI if -SS MOXyTh
BUKOPUCTOBYBATHUCS K LIM(PPOBI BUXOAM, CKUHYBIIH BianoBiaHi 6it TRIS B '0".
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1.3.5 Po6ora 3 nmpotokosiom 12C

DS1307 miatpumye oO0MiH paHumu 1o npoTtokony I[2C mo ABOmpoBiAHIN
ABoHamnpaBieHi muHi. [IpucTpiif, skuil mepemae AaHi Ha IIKMHY, € TMepeaBavyeM, a
NpUCTPil, MpHilMarouMii JaHi, - BIANOBIAHO mpuiiMadeM. Bemyumii mpuctpiii reHepye
cunxpoimmyinbceH (serial clock - SCL), kepye noctynom ao mmnu 1 reHepye ymoBu START
1 STOP. DS1307 mpaitoe Ha muHI K BeleHUN npucTpiid. TunoBa KoHPIrypailis MUHU 3
BUKOPHUCTaHHAM NpoTokoiy [2C HaBeieHa Ha pUCYHKY 1.6.

Ve
Rp Rp
SDA . *
[ITuna [2C
scL
Mixkpo- [ammmii
KOHTpOIep D51307 MIPHUCTPIH

Pucynok 1.6 - TunoBa koH}irypartist sonposiaHoi mmau (12C)

DS1307 nHa mocnmioBHIN MIMHI MpaIioe sk BeAeHUM mpuctpii. Jloctym 10 HBOTO
3M1MCHIOETHCST BcTaHOBJIEHHSIM yMOBU START 1 nepegadero npuctporo ieHTUdIKaIiiHoTro
KOy, IICJIS SIKOTO TepenaeThes aapeca perictpy. 1o HacTymHOro 3a oOpaHUM PETicTpoOM
JOCTYT 3[IIHCHIOETHCS TIOCIIIOBHO, TTOKU HE Oyie BukoHana ymoBa STOP.

Hwxye omnmcano mpoiiec mnepenadi JaHWX IO JBONPOBiAHIN 1mmHI. OCHOBHI
OPUHITUIY Tiepeaadi nanux no muti 12C:

° nepeaayda JaHuX MOXe OyTH 1HINIMOBaHA TUTBKH TO1, KOJIA ITWHA BLIHHA,

° mig yac mepefadi Aadi Ha JiHIT SDA MOXyTh 3MiHIOBATHUCH TUTBKH TOI,
konu Ha JiHli SCL HM3bKHI piBeHB, 1HAKIIE - 3MiHA JIAHWUX 1HTEPIPETYBATUMETHCS, 5K
CUTHAJI KEPYBaHHS.

TakuM YUHOM, MOXJIMBI HACTYITHI CTAaHU LIUHU:

o «I1luna He 3aiingaTa» —Ha miHiIX SDA 1 SCL 306epiraetbcst BUCOKUH PiBEHB;

o «[louatok mepemaui manux» (ymoBa START) —3mina crany minii SDA
3BHCOKOTO PiBHS HA HU3BbKHUH, Y TOM dac Ak Ha JiHil SCL BUCOKMIT piBEHB;

o «3aBepmieHHs nepenadi gaHux» (ymora STOP) —3mina crany niHii SDA 3
HU3BKOTO PIBHS HAa BUCOKHI, B TOM Yac sk Ha JiHii SCL BHUCOKHi1 piBEHB;

o «KopexktHi gani» — ctas niHii SDA sBisie co0010 KOPEKTH1 AaHi, SIKIIO MICHs

ymoBu START cran minii SDA He MiHS€TbCS Ha MPOTA31 BUCOKOTO PIBHA TaKTOBOTO
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curHaiy. Jlani Ha JiHIi TOBUHHI MIHATUCS BIPOJOBXK MEPIOAY HU3BKOTO PIBHS TaAKTOBOTO
curnaiy. Ha ogus OIT 1aHUX NPUXOAUTHCS OJAWH TAaKTOBUH IMITYJIbC;

J «IlinTBep/KEeHHS» — KOXEH aJpecOBaHUl MpUMarouuii  IpUCTPIi
3000B‘s3aHUM TEHEPYBAaTH MIATBEPKEHHS TICIs MPUMOMY KOXKHOro OaiTy. Bemyuuit
IPUCTPIN 3000B‘s3aHUN TeHEepPYyBaTHU JOJATKOBHM TAaKTOBHM IMITYJIbC, SIKMM MpU3HAYECHUM
JU1s O61Ta MATBEPIKEHHS.

Koxna nepenaua panux iHimioerbcst ymoBoro START 1 3aBepuiyerbcss yMOBOIO
STOP. KinpkicTe OailTiB gaHux, mo mnepenarotbcss MK ymoBamu START 1 STOP, ne
oOMeKeHa 1 BU3HAYAEThCA BEAy4YMM IpuUcTpoeM. [Hdopmalis nepegaeTbes modbaToBo, i
KOXHHUM OallT mpuiiMay miaTBEpIXKye AeB‘atuM OiToM (OiT miaTBepmkeHHs - ACK). B
cnernudikaiii IBOX MpOBiTHOTO iHTep(delcy BU3HAYEHI 3BUYAWHUN PEXHUM (C TaKTOBOIO
gactoToro 100 kI'm) 1 mBuaKUM pexkuM (¢ TakToBoro yactororo 400 xI'tr). DS1307 mparttoe
TUIBKH B 3BH4YaiiHoMy pexumi (100 kI').

o R/-W — GiT ynranHs/3amuc abo OiT HanpsAMy repenadi
a r
| - = - -: :
soa '\ X XX X 4 /.
1 \ Cra’m -"\,ﬂl;E_;} B ! 1
1 | | |
C B BENOMOrD > T r
: ' HAMPABNEHWA CHMHAR : :
! RARP NOATBEPHTIEHKA
: ' - OT MPUENHIUEA '
r CHrHAR Lo
o NONTBEPHOEHUA o
o OT MPUEMHIKA ro
1 1 | 1
1 i ! 1
Lo ACK ACK Lo s
YONQEWE YCNOBWE STOR
NOBTOPAETCH, ECIA WNM TIOBTOPEHKE
START MNEPEAETCH BOMbLUIEE » YCIOBWA START
KOMMMECTED BAMTOR

Pucynoxk 1.7 - [lepenaua nanux no asoxHanpanieHii muHi (12C)

Jlist miATBEpKEHHS MPUAOMY TMPUCTPIN Ma€e MIATATHYTU 10 HU3BKOTO PIBHS JIHIO
SDA mig yac TakTOBOTO IMIYJIbCYy TakMM 4YWHOM, 100 Ha JiHii SDA 3anumaBcs
CTaOUTbHUI HU3bKUU PIBCHbD.

B 3anexHocTi Bijx cTany 6ita R/-W MoX/IUBI 1Ba THIH ITepeiadi JaHHX:

. nepeqava JaHWX Big BEAyYOro IMepenaBada J0 BEACHOTO TNpuiiMadva.
(ITepmmii GalT, KWW TEPEAAETHCS BEIYyYHM, - 1€ agpeca BEIECHOTO MPHUCTPOIO, 3 SIKUM
3MIMCHIOBAaTUMEThCS 0OMIH 1H(popMartiero. [lani mepenaroThes Oe3mocepeIHpO OalTH JaHUX.
Benennii moBeprae OIT MATBEPKEHHS TICIA KOXHOTO NpuiHsITOro Oaity. JlaHi
nepearThes, TOYMHAIOYH 3 cTapiioro 0iTa (most significant bit - MSB);

J JaHl TepenaroTbcs BiJ BEIEHOTO IepenaBada [0 BEAydOoro MpHiimMaua.
(ITepmuit  G6aiT (ampec BeIEGHOrO) TepelaeThesl BeAyduyuM. Benenuil moBeprae OIT
OIATBEP/KEHHS, a 32 HHUM IE€BHY KUIbKICTh OailTiB naHux. Bemyuuii moBeprae OIT
MIATBEP/DKEHHST TICIs BCIX NPUHHATHX OalTiB, KpIM OCTaHHLOTO. B KIiHIII OCTaHHBOTO
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npuitHiaToro Oaiity mnoBepraeThcsi "He miaTBepmkeHo" (NACK). Benyuwii mpuctpiii
reHepy€e BCl MOCHIJOBHI CHHXpoiMIyibcH, a Takoxk ymoBu START i1 STOP. Ilepenaua
3aBepuryetbcsi ymMmoBoro STOP ab6o moBtopom ymoBu START. Tak sk moBTOp yMOBH
START Takox € mo4aTkoM HACTYMHOI MOCTIOBHOI Mepeiayi, TO B TAKOMY BHUIMAJKY IIMHA
HE BUBUIBHIETHCS. J[aHi mepeaaroThes, MOYMHAIOYH 3 CTAPIIOTO OITY).

DS1307 mosxe mpairoBaTH B HACTYITHUX JBOX PEKUMAX:

o pekMM  BeaeHoro mnpuitmada(pexxum 3amucy DS1307);pesxuM  Beaydoro
nepenaBada (pexxuM autanas DS1307).

Y pexuMmi BeIeHOro TMpuiiMada TMOCHIIOBHI JaHi mnpuiMaiotees mo SDA 1
CI/IHXpOHIByIOTI)CH mo SCL. Ilicns KOXHOTO TPHHHSATOTO 6aHTy Mepe/IacThes oit
nigTBepmkers. YMoBu START 1 STOP posmi3zHatoThes K MOYATOK 1 KiHEIh MOCIiI0BHOT
nepenadi. Po3mizHaBaHHS ajpecu BUKOHYETHCS arapaTHO MICIs MPUHOMY aJpecH BEICHOTO
10iTa HanpsiMy Tiepeaadi (IuB. pucyHok 1.8).

<Agpec egomoro> <RAN= <Cnoso agpeca (n)= <[lanHiie (n)= <[JaHHkg (n+1)= <[lanmiie (n+ X}

S 1101000 | 0 | A | X000 | A | XO00OXXX | A | XOOKKXX | A | XOOUKXXX | A | P

Agpec = D0h {f
)y

MNepeqasaemsie JaHHwe
S-ycnoswe START A -nogreepwgenve P - ycnosue STOP (X+1 Gaithon + NOATRELKAEHNE)

Pucynox 1.8- Pexxum BeneHoro npuitmada(pexum 3anucy DS1307).

Y pexumi Begyudoro mepenaBada (pexxum uutanHs DS1307) nepmmii  G6aiiT
IPUINMAETHCS 1 OMPAIbOBYETHCS TaK caMo, SK 1 B PEXKHUMI BEIEHOTO MpuiiMaya. Aje B
JaHOMY peXuMi OIT HampsMmy OyJe BKazyBaTd, IIO HampsM Mepefadi MPOTHIICKHUU.
DS1307 nepenae nocnigoBHi aaxi no JiHii SDA noku Ha ninito SCL HagxoasiTh TOCiA0BH1
imiynber. YMoBU START 1 STOP posnizHaioThCs B MOYATKy 1 B KIHII HOCIHITOBHOT
nepenayi (AUB. pucyHok 1.9).

<Anpec gegomoro> <RAN> <[akneie (n)> <[laHHble [n+1)> <[lakHsle (n+2)> <[lakHsle (n+X)>

S 1101000 [ 1 | A [ XXOOXXXX | A | XXXXXXXX [ A | XXXXXXXX | A [ XXXXXXXX | A | P

Agpec = D1h ){ J(
MepepasaeMue naHkble
S - ycnosue START P - ycnoeue STOP {X+1 BaiiTos + nogTeepKAEHME)

=z i Mpumesanue: nocnegrdi Gaut faHnex
A - NOATBEPXKAEHWE A -"HENOATBEPXKAEHUE CONPOBOMAAETCA "HENCATEEPNAeHWEM ' ( A )

Pucynok 1.9 -Pexxum Bemydoro nepegasada (pexxum untands DS1307)

baiit anpecu—mnepiuit 6aiiT, sikuii puiimaethes micis ymoBu START, renepyerbest
BeayuuM npuctpoeM. bait agpecu popmyethes 3 7-61THOT aapecu DS1307, sika Binnosinae
nociiroBHocTi 1101000, 1 HacTynHOro 6iTa Hanpsamy nepenayi (R/-W), skuil qy1s1 untanus
piBHuii 1. Ilicns mpuilomy 1 nekoayBaHHs OaiiTa aapecu, MPUCTPI BUIAE MIATBEPIKEHHS
Ha miHito SDA.
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2 TNPOEKTYBAHHSA EJEKTPUYHOI MPUHIIUIIOBOI CXEMU
2.1 Po3polOka cxeMu eJIeKTPUYHOI IPUHLIMIIOBOI MiKPOKOHTPOJIepa

VY mporeci NMpoeKTyBaHHS OyAb-SKOTO IPHUCTPOIO, (HOPMYEThCS HaOIp TEXHIYHOI
JOKYMEHTAIlll M0 IIbOMY MPUCTPOI0. B TexHIUHIN HOKyMEeHTallii OMUCYEThCS MapameTpH,
poOoTa MpUCTPOIO, HEOOXiAHI JUIsi BUTOTOBJICHHS KOMIIOHEHTH Ta METOIU 1 3acoou
HaJIaroXKeHHs (PYyHKIIOHATBHUX MOXIIMBOCTEN MMPOEKTOBAHOTO MPUCTPOIO.

OHuM 13 HAWBOKJIMBIIIMX PO3MIIIB TEXHIUYHOI JOKYMEHTAIlll SBISETHCS IOJaHHS
€JIEKTPUYHOI TPUHIIUIIOBOI CXEMHU MTPOEKTOBAHOTO MPUCTPOIO.

EnexTpuyHa nmpuHLMIIOBA cxeMa — 1ie rpadiuHe 300paxxeHHs1 OyJI0BU MPUCTPOIO Ha
¢13uuHoMy piBHI. JlaHa cxema BigoOpaka€ KUIBKICTb Ta THI BUKOPHUCTOBYBAHHUX Y
MIPUCTPOi KOMIIOHEHTIB (PaJlOTEXHIYHUX EJIEMEHTIB, MIKPOCXEM, 1IHTEp(EUCHUX pPO3‘€EMIB,
TOMIO...) Ta iX B3a€EMOJII0 OJMH 3 OAHUM. [liIK/IIOYEHHS KOMIIOHEHTIB CXEMHU OAMH 0
OJIHOTO B110Opa)KaeThCs JIIHISIMU. 3T1THO II€T CXEMU B1I0YBAETHCS PO3BEICHHS JTOPIKOK Ha
IJ1aTl Y BIAMOBIAHOCTI A0 JIIHIN MIIKIIOYEHHS, 300pa)KEHUX Ha CXEMi, Ta MOHTaX 1 Maiika
€JIEMEHTIB MPOEKTOBAHOIO TMPHUCTPOIO. YCl €JIEeMEHTH, 300pakeHl Ha eJIEeKTPUYHI
MPUHITUIIOBIN cXeMi, MAnUcyoThes 3rigHo Bumor JJCTY.

XKonen enekTpuuHMN NPUCTPIM HE MOXKE NpaloBaTH 0€3 JpKepena Hampyru
*)uBJieHHS. [IpucTpoi, 1mo moOyaoBaHi Ha OCHOBI MIKpOKOHTpoOJIepa, 1€ UG POBI MPUCTPO.
Jliana3oH Hampyrw »KUBJIEHHS JJI1 TaKUX MPUCTPOiB ckianae Big 1.5 go 5.5B, a ctpym -
nocTiiiHui. s migkimodyeHHs nu@poBUX TpUCTPOIB A0 Mepexi 220B BUKOPUCTOBYIOThHCS
TpaHC(OPMATOPHI, IMITYJIbCHI, KOHIEHCATOpPHI OJOKM KUBJIEHHSA Towo... o ckmagy
HaWIpOCTIIIOI CXEMHM BXOJATh: TOHWXKYIOUMH  TpaHchopmaTop, MIOAHUM  MICT,
CJICKTPOJIITUYHI KOHJICHCATOPH Ta MiKpocxeMa cTabimizamii (auB. pucyHnok 2.1).

- Trl
' i VDAl  ppg
i
, ! ")
~220V i L7805 [T ¢
IE -
‘ =1 =2 SV

Pucynox 2.1- Cxema cralinizaiii ®KuBICHHS 111 TU(PPOBUX MPUCTPOIB HA OCHOBI
MIKPOKOHTPOJIEPiB

KitouoBuM enemeHToM B jAaHiii cxemi € cradimizatop L7805. Icnye nBa Buau
crabimizatopa 7805: 3 cTpyMOM HaBaHTaxkeHHs 10 1A 1 manonoryxHuit 78L05 3 ctpymom

HaBaHTaxeHHs 710 0,1 A. Kpim HuX € npomixkauit BapianT /8MO05 3 cTpyMOM HaBaHTa)KEHHS
1o 0,5A.
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E€wmnicte C1 Ha BXoji cTabiigizaTopa HEOOX1IHA ISl 3TJIAJKEHHS BUCOKOYACTOTHUX
3aBaJ MpU Tojadi BxiAHOiI Hampyru. €wmuicte C2 Ha BuXoAl crabumizaTopa 3a1ae
CTaOLIBHICTh HAMPYTU MPH Pi3KiH 3MiHI CTPYMY HABAaHTAXKEHHS, a TaKOXK CYTTEBO 3HIDKYE
aMIUTITyAy TyJbcaiiii. s fioro HopManbHOI poOOTH Harpyra Ha BXOJ1 MOBUHHA OYyTH Y
mamasoni 10-20 B.

Jns  dopMmyBaHHS Hampyrn TaKOTO piBHS BHKOPUCTOBYETHCS  OAHOGDA3HUIA
Tpancopmarop Ta giogHui MicT. s Toro, moO copmyBaTH HEOOXITHI YMOBH IS
po6otu MKC HeoOxiaHO nepeadayuTy JKepeso IMITYIbCIB CHHXPOH13aIlli.

B mikpokontpoiniepax cimeiictBa PIC16 nependaueHo Jekijibka THUITIB T€HEPATOPIB.
Hus PIC16 xopuctyBau Moxe 3amporpamyBaTu nBa koHdirypaminux Oitu (FOSCI 1
FOSCO) nst Bu60opy oanoro i3 wotuprox pexxkumis: RC, LP, XT, HS., ne:

RC — renepatop Ha RC-naniii;

XT — cranmapTHUM KBapLIOBUM T€HEPATOP;

HS — BucokouacToTHUIT KBapIIOBUI reHEPATOP;

LP — HU3pKOYaCTOTHHI MasIoi TOTY>KHOCTI TeHepaTop.

B pexumax XT, LP 1 HS po Buomie OSCI/CLKIN 1 OSC2/CLKOUT
1KITI0YAETHCS. KBApIIOBUM a00 KepaMIdHUI pe30HATOP.

DD1
— U RA2 RA1 18—
—21RA3 RAO F— z1 C1
—2{ra4  oscie T,
__ 4 15 = MHz
RAS osc2f— | |
T es Vdd |4 cz
L,

Pucynok 2.2 - Cxema TakTyBaHHS MIKpOKOHTpOJIEpa

JInst  TAKITIOYEHHST PE30HATOpa BHKOPUCTOBYETHCS THUIIOBA CXeMa BHUPOOHHKA.
€MHICTh KOHJICHCATOPIB MOBMHHA OyTH B iHTepBaii Bia 15 mo 22 nd, oauH BUBII SKHX
M1IKJIF0YAETHCS 10 pe30HATOPA, a IHIIHKN 10 3eMIIi.

VY npuctpoiB, moOyJoBaHUX Ha OCHOBI MIKPOKOHTPOJIEpPIB NependayeHuil MexaHi3M
amapaTHOro peceryBaHHsA. Y MikpokoHTposepiB PIC16 BuBia, 1m0 npusHaYeHUNH IS
pyuHoro mnepesamnycky HasuBaeTbes /MCLR. AKTHUBHME cUrHam JUisi CKUAAHHS — I
curHai Jiorigynoro 0, mo nogaetrhes Ha BXin /MCLR npu HaTuckaHH1 KHOMKHU S1.

Jnst 3miam nporpamHoro 3abe3neueHHs MK BukopuctoByeThest po3‘em ICSP. Jlanwmit
po3‘eM, AK 1 OJHOIMEHHHH MPOTOKOJ OOMIHY, O3BOJISIE 3MIHIOBATH poOOUYl MapameTpu
MIKpPOKOHTpoJiepa 6e3 BUIIydeHHs HOoTo 13 npucTporo. [Ipu mpoimBanHi MiKpOKOHTpOJIepa
Ha HKKY /MCLR nogaetncst curnan pisaeM 15B. JlaHuii curHan mo3HaueHo Ha pO3‘eMi K
Vpp. 3anitoeTbes MexaHi3My AOCTYITY JI0 TlaM ‘sTi MIKpOKOHTposiepa. JlaHi mepeaaroThes mo
minii Data Ha BuBig PGD wmikpokontponepa, npu mpomy 3 iiHii Clock po3z‘emy ISCP
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MOCTYNIa€ CHUTHaN1 TakTyBaHHA. Jlanuii curHan npuiiMaerbess BuBogoM PGC
MIKPOKOHTpOJIepa, Ta BIAMNOBIAA€ 3a KOPEKTHUHW 3alHC MPOTPAMU y MIKPOKOHTPOJIEP.
Curnamm Vss 1 Vdd 3abe3nedytoTh cTaHIApPTHY HAIMPYTY KUBICHHS TSI MIKPOKOHTpOJIEpa
piBHeM +5B.

Ha enexTpuyHiii NPUHIIMIIOBIM CXeMi IOKa3aHO SK B3a€EMOJIIIOTh Pi3HI BY3JIH MIXK
co00I0 Ta AKI KOMIIOHEHTH BUKOPUCTOBYIOTHCS ISl TOOYOBU MPOEKTOBAHOTO MPUCTPOIO.
3riJIHO 13 IIEI0 CXEMOIO Y MOAANIBIIOMY (POPMYBATUMETHCS IPUHIIUI POOOTH yCi€l CUCTEMU
Ta QJITOPUTM (PYHKIIIOHYBaHHS MIKPOKOHTpPOJIEpa, sSIK OCHOBHOTO BY3Jla KEPYBaHHS.

[Ipuctpoi BBeJEHHS/BUBEACHHS — II€ pPI3HOro poay mepudepiitHi Moaymi, sKi
MIKITI0YAI0ThCS A0 (PYHKIIOHAIBHO 3aBEPIICHOr0 MPUCTPOIO ISl KepyBaHHS pPOOOTOIO
bOr0 MPHUCTPOIO Ta OTPUMaHHA 1H(pOpMalli Mpo BUKOHYBaHI HUM (yHKuii. Hanpukman,
st 1K TakuMu npucTposiMu € KiaBiaTypa, MUIIKa (IPUCTPOI BBEIEHHS) Ta MOHITOP 1
MpUHTEP (IPUCTPOI BUBEICHHS).

JIJ1s1 MIKpOKOHTPOJIEPHUX CHCTEM HOMEHKJIATypa MPUCTPOiB BBEACHHS YW BHBEICHHS
nemio iHma. [TpuctposiMu BBOLY KpiM KiaBiaTypH (KJIaBiaTypHOI MaTpHIl) MOXYTh OyIu
pI3HI JaTYMKU — TeIUla, BOJOTOCTI, 3ara3zoBaHOCTi, [Y-martuuku, Tomo... B cBow uepry
IOPUCTPOi BUBOAY TakoX He oOMexyroTbcst MoHiTopoM. g MKC ne, — sx npasuio, —
3HakocuMBOJBHI a00 rpadiuni PKI, CCI, akyctuuni enemenTtu (Oinepu, JMHAMIKH), HaB1b
3BUYAiHI CBITIOIIOH.

Haiinipocrimii 13 1UX TpUCTPOIB BBEJICHHS/BUBECHHS 1HTETPYIOThCS B MPUCTPIM Ta
MIJIKJTI0Yal0ThC  0€3MocepeIHhO J0 TMOPTIB MIKPOKOHTpOJIEpa, MNpOTe€ € 1 Taki, s
M1JIKJTIOYEHHS SIKUX BUKOPUCTOBYIOTHCS iHTEp(DEMCHI po3‘eMu.

[aTepdeiic — y MIKpOKOHTPOJEPHIN TexHIilI — I1e Hablp MPOBIAHUKIB, SKi
BUKOPUCTOBYIOTBCS ISl TIAKIIOUEHHS 30BHINIHBOTO TMPHUCTPOIO BBOAY/BHUBOIY Ta
3a0e3meuyoTh pealizallifo MPOTOKONY Tmepenayl JaHux. SK mnpaBwio, Taki TpPynu
IPOBIIHUKIB 00°‘€HIOIOTHCS B MeEXaX OJHOTro po3‘eMy. Hampukman, nams 30BHINIHIX
npucTpoiB, siki mpaioTh Mo USART/RS-232 mporokony, rpyma NpOBITHUKIB, fKa
3a0e3meuye 3B‘SA30K 13 MIKPOKOHTPOJIEPOM OCHOBHOT'O MPUCTPOIO MO I[bOMY MPOTOKOIY
00 ‘eqHIOETRCSA y po3‘em Ty D-SUB9.

HaBenena enexTpruHa IPUHIIAIIOBA CXeMa MPAIIOE€ HACTYMHUM YrHOM. [Ticis mogaqi
YKUBJICHHSI MIKPOKOHTPOJIEP MOKPOKOBO BUKOHYE IIpOrpamy, 110 3aKjaZeHa y Horo mam'sitb
nporpam. [lepmuM etanom € iHimiani3aiisi TOPTIB MIKPOKOHTpOJIEpa Ta WOro BOyAOBaHUX
MOJYNiB. AKTUBY€EThCA 1IHTEP(DENC 3B'A3KY Ta BUKOHY€ETHCS OOMIH JaHUMH.



Pucynok 2.3 - EnexktpuuHa npuHIumnoBa cxema poootu CucTeMu KOHTPOITIO
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Tabmuns 2.1 — [epenik e1eMeHTIB eIeKTPUIHOT TPUHITUTIOBOI CXEMH

Ne II/IT Ha3Ba enmemeHnta [lo3HaueHHs Howminan

1 Tpanchopmarop TR1 220B

2 J{101HMI MiCT VDS1 D13A4

3 Perynarop Hanpyru DD1 7805

4 KBapiieBi pezoHaropu 71,72 AMI o

5 Konpaencaropu Cl1,C2,C3,C4 150D

6 Konpaencarop C5 100MKD

7 Konpaencarop Co6 10MKD

8 Pe3ucropu R1,R2,R3,R6 10xOm

9 Pe3ucropu R4, R5 SkOm

10 MikpokoHTpoJiepu DD2,DD3 PIC16F876,
PIC16F884

11 [{udposuii TepmonaBay IC1 T74

12 2-psinkoBuii PKI LCD LMO16L

13 Knornka-nepemukayq S1,S2, S3, S4 SK1-53

14 Pene Rell 12B

15 ['enepaTop CUHYCOITHUX CUTHAITIB Genl 1T

16 Jlamria Lal 12B

22



23

2.2 CrBopenHs npoekty B cepeaosuuli PROTEUS VSM

binpmricTe pamioamMaTopiB CTHKAJIUCS 13 CUTYaIli€l0, KOJW 3a OpakoM JOCBiy YU
MPUCYTHICTh TOMHJIOK Yy CXeMi a0o0 3K 3a IHIIUMHU 00CTaBUHAMU, MICYBaJIX PaioeIEeKTPOHHI
KOMITOHEHTH.

3'sBuiacd BENMYE3HA KUIBKICTh MPOTpaM CHUMYJATOPIB, LIO0 3aMIHIOIOTH peajbHi
pagionerani W mpwiaad, BIpTyalbHUMHU MojaelsaMu. CHUMYNISTOPH JO3BOJISIOTH, 0e€3
30UpaHHs peajbHOrO MPUCTPOIO, HAIATOJUTU POOOTY CXEMH, 3HAWTH MOMUIIKHA, OTPUMAaH1
Ha CTaJll MPOEKTYBaHH:, 3HATU HEOOX1/IHI XapaKTePUCTUKU i OaraTo 4oro iHmoro. OmHieo
3 takux nporpam € PROTEUS VSM.

Proteus VSM cknanaetbes 13 nBox camoctiitnux nporpam ISIS ta ARES. ARES ue
TpacUpyBaJbHUK JPYKOBAaHUX IJIAT 3 MOKJIMBICTIO CTBOPEHHS CBOiX O010710TEK. 3amyck
nporpamu BinOyBaethcs 3 MeHio Ilyck — Ilporpamu - Proteus 7 Professional - ISIS 7
Professional. [lpu 3amycky mnporpamu 3'sSBIsS€ThCS OCHOBHE BikHO mporpamu ISIS 7
Professional.

Haii6inpmmii npoctip BinBeneHuii mia BikHO penaryBanHss EDIT WINDOW. Came B
HbOMY BIJOYBalOTbCSI BCl OCHOBHI IPOLECH CTBOPEHHS, peAaryBaHHS il HaJaropKEHHs
cxemH MpucTporo. JliBopyd yropi mMajeHbKe BIKHO MOMEpPeaHboro mneperisiay Overview
Window 3 HOro 10momMoror MoOKHa MEPEMIIIYBATHCS IO BIKHY peAaryBaHHs (Kialarouu
JIBOK0 KHOIKOIO MHIII MO BIKHY MONEPEAHBOTO MEPErIIAly, MOXKHA MEPEMINYBATH BIKHO
peaaryBaHHs 3a CXEMOIO, KO 3BUYATHO CXeMa He BMIIIAEThCA y BIKHO). IlepeminnyBatu
BIKHO pE€JaryBaHHs 3a CXEMOK MOXHa IIe yTpuMyrouun HaTucHytoi kHomky SHIFT Ta
pyXawuud KypcopoM MHUIIl MO BIKHY penaryBaHHs. HaOmmkyBatu il BIIJANSATH CXEMy Y
BikHI MOkHa kHomkamu F6 i1 F7 abo x komecom muiii, F5 mnentpye cxemy y BikHI, a
HaTUCKaHHs F8 miaranse po3mip cxeMu MiJ-BIKHO peJaryBaHHs.

Fie Vow ER LBy Toss Desgr Graph Source Debug Templote Srstoe  feed

TR S0 SN B - +RNRAKVND <= xtad TETWEE. > DD =

|

NOBFPourOFus+e

0
9
‘
*

Pucynok 2.4 - OcuoBne BikHO niporpamu ISIS 7 Professional i BikHo monepeaHbporo
Hepersy.

[lix BiKHOM TOmEepeaHbOrO Tmeperisaay 3Haxonutbes Object Selector - cmmcok
oOpaHMX y 1Ieil MOMEHT KOMIIOHEHTIB, CHMBOJIIB 1 1HIINX eJeMEeHTIB. Buaiinenuii y crucky
00'eKT BiIOOpaKae€ThCs y BIKHI TIOTIEPETHBOTO TIEPETIISIY.

Bcei moxnuBi ¢yHKIil Ta iHCTpyMeHTH Proteus VSM nocTymHi yepes rojoBHE MEHIO,
yepe3 MIKTOrpaMu sIK1 3HaAXOASATHCS MiJ MEHIO 1 y JIIBOMY KyTi OCHOBHOTO BIKHA Ta 4epe3
raps4i KJaBilil, SKi MOXYTh MEepenpru3HavYyBaTUC KOpUCTyBaueM. BHH3Yy OCHOBHOTO BiKHA



24

pO3TaIoBaHi: KHOMKH OOEpTaHHS Ta PO3BOPOTY 00'€KTa HABKOJIO CBO€i OCI, ITaHEIb
KepyBaHHs 1HTEPAKTHBHOIO CHMYIISLIEIO - BUIUISAAAE 5K MarHiTopoHHA 1 QyHKUIT Taki X:
[TYCK , ITIOKPOKOBHUHU PEXUM, TTAY3A,CTOIL

e

ol

COPF «t

(> wim] soorswen

+800

400 !

Pucynox 2.5 - [lanenb kepyBaHHS IHTEPAKTUBHOIO CUMYJIALIIEIO.

Cepenosumie PROTEUS mae BenmuuesHy 010110TeKy €IEKTPOHHUX KOMITOHEHTIB. Bci
eleMeHTH TepeOyBaroTh y 6i0mioreni kommoHeHTiB. 1106 mo Hel moTrpanuTH MOTpPiIOHO
nepeiity B pexxum COMPONENT (koMmoHeHTH), HATUCHYBIIM BIMOBIAHY MiKTOTpamy P
(Pick devices) abo nBiul KJaIHYBIIH JiBOIO KHOIKOIO B 1ol BUOOpY KoMmoHEeHTIB Object

Selector.

Komnonentn MoxxHa BHOWpaTH 1O KaTeropisix, Ta y CIOUCKY. 300paskeHHs
KOMITOHEHTA 3'IBUTHCS y BiKHI TIONepeaHpOTo meperysiay. [{o6 po3MicTuTH KOMIIOHEHT Ha
poGodYoMy TOJTI MOTPIOHO HABECTH KypcOp MHUIII Ha MOTPiOHE MicIe 1 KIAIHYTH JIiBOIO
kHOonKoro Mmuiii. 1Ilo0 3’emHaT BMBOAM KOMITOHEHTIB MPOBITHUKOM TOTPIOHO TiABECTH

Kypcop MHII 0 BUBOAY KOMIIOHEHTA, MiCIsl TOSBH Ha BUBOJAI KOMIIOHEHTAa XpPECTHKa

MOTPIOHO KJIAIIHYTH JIIBOIO KHOMKOIO MHUIII 1 MiABECTH KypCcOp MHIII 10 BHBOIY IHIIOTO

KOMIIOHCHTA.
== Pick Devices

Macra

Pesyncrare: (625])

I

Cnceo usmwoe
Tonexo Mogenupyere

Kareropus

YcrposcTeo l Bsfmiorera

| Drwcasasm

ANALOG
ANALOG
ANSLOG
ANALOG

555

[Bee rarveropea)

CMOS 4000 senes
Connectors

[')lspia“y Drivers
Fikess

(YRR S

ANALOG
ANALOG
ANALOG
ANALOG
ANALOG
ANALOG
ANALOG
ANALOG
ANSLOG
ANALOG
ANALOG
ANALOG
ANALOG
ANSLOG
ANALOG
ANALOG

ANALOG
ANALOG
ANALOG

Timer/Oscilator

CMOS Tmed/Oscilator

5V Feeed 1A Positive Powet Supply Regulaton
BV Fread 1A Positive Powet Supply Regudaton
8V Freed 1A Positive Powes Supply Regulatorn
9V Froad 1A Positive Power Supply Regulatoa
10V Fived 1A Positive Power Supply Regulat
12V Fwed 1A Positive Power Supply Reguilat
15V Fixed 1A Positive Power Supply Regulat
18V Fixed 1A Positive Power Supply Regulaty
24V Fixed 100mé Positive Power Supply Reg
1.54 Universal Switching Regulator Subsyste
5V Fixed 14 Negative Power Supply Regulat
BV Freed 1A Negative Power Supply Regulat
8V Freed 1A Negative Power Supply Regulat
9V Fread 1A Negative Power Supply Regulat
10V Fived 1A Negative Power Supply Regulz
12V Fved 1A Negative Power Supply Reguls
15V Fixed 1A Negative Power Supply Reguis
18V Fixed 1A Negative Power Supply Regule
89" Bagd MoNieratm Pevaiaras irmés
12V Fzed 100mé& Negative Power Supply Re
25V Fixad 100mA Neoative Power Suool Re

~

@&

MpocmoTp cresst
500 HE BEOPSHO AR NPOCHIOT

PCB MNpocrsorp:

” Ormesa I

Pucynox 2.6 - biGioTeka eeKTpOHHUX KOMITIOHCHTIB.
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s toro, mo6 meperyistHyTH poboTy cxemu, HeoOximuui Buximuuii HEX- daitn.

Cepenosumie PROTEUS niarpumye 6arato 3aco6iB po3pooku, cepen Hux 1 HI- TECH Ci
komrusitop 1 CROWHILL PIC BASIC 1 BASIC STAMP. Ilonepennso HEX-daiin
TIOBHHCH
MikpokoHTpoiepiB Big pipmu MICROCHIP, a came MPLAB.
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Pucynox 2.7 - JlocnimkyBaHa cxema
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3 PO3POBKA ITPOI'PAMHOI'O 3ABE3ITEYEHHSA MKC
3.1 Po3podka anropurmy ¢pyukuionysanuss MKC

AJroputM — 1€ TMOCHIJOBHICTb, CHUCTEMa, HaOIp CHCTEMAaTH30BaHUX MPaBUI
BUKOHAHHS OOYMCIIIOBAJIBHOTO IPOLECY, 0 OOOB'I3KOBO IPUBOAUTH [0 PO3B'A3aHHS
MEBHOTO KJIAcy 3a/ay Miciisi CKIHYEHHOTro uucia omnepamii. [Ipu HanmcanHi KOMIT'IOTEpHUX
porpaM aJIropuTM OIKCYE JIOTIYHY TOCIIMOBHICTH omepamii. [[ns BizyambHOTO
300paXE€HHS AITOPUTMIB BUKOPUCTOBYIOTH OJIOK-CXEMHU.

brok-cxema — cxeMaTHuHe 300pa)K€HHSA [MOCHIIOBHOCTI [1d, CHOPSIMOBaHUX Ha
JOCATHEHHS CIUIBHOI METH Ta iX ocoOnauBocTeil. Po3aun mporpamu y sikoMy BiiOyBa€eThCs
3aHECEHHS 3HAYEHHS 3MIHHUX MOJAE€ThCs Y BUIIIAI NIapajesnorpama, B IkoMy IepepaxoBaHi
iMeHa X 3MiHHUX. Po31i1 nporpamu, y sikoMy Bi10yBaeThCs BUKOHAHHS TIEBHOI omnepariii
nojaeTbes y Gopmi MPSIMOKYTHHUKA, a PO3JILT MEepeBIpKH yMOBH — y ¢opmi pomba. Kpim
TOTO MOXYTh BHUKOPHCTOBYBATHCh pPO3JLIH, SIKI TIOBTOPIOIOTh NEBHUM HaOlp KOMaHJ
JUIS  1HIIIOTO AaHAJIOTIYHOTO BHUIAJAKY. Taki pO3AUIM Ha3UMBaIOTh OJIOKOM 1JICHTHYHHX
omepaniii Ta 300paXyrOTh y Bl MmecTukyTHuka. Ille oauH posnin, mo €
MOIIMPEHUM Y TIporpamax — L€ PO3AUT BUKOHAHHS MIANporpamMu. 300pakyeTbCs BIH Y
dopMi TPSIMOKYTHHKA 13 JIBOMAa BEPTUKAIBbHUMHU CMYTaMHM IO Kpasx QIrypu Ta 3alucoM y
HbOMY Ha3BW mianporpamMu. KoxxeH aJroputM € CHCKOM A00pe BHU3HAUYEHHUX IHCTPYKUIN
Uit po3B'A3aHHs 3anayi. IlounHaro4uM 3 MOYATKOBOIO CTaHy, IHCTPYKIII aJIrOpUTMy
OMKCYIOTh MPOLEC OOYKUCIEHHS, $KI B1AOYBalOThCA 4Yepe3 MOCIIIOBHICTh CTaHIB, SKI
3pEIITOI0 3aBEPIIYIOTHCS KIHIIEBUM CTaHOM.

[TpuHumnu moOyAOBU OpOrpaMHOro 3a0e3MeueHHs] TOYHO Taki K, K 1 amapaTHOi
YaCTUHU: CTBOPEHHS KIHIIEBOTO MPOJYKTY 3 TOTOBHUX OJIOKIB - Tigmporpam. SIKIio BCiO
poOOTY MporpamMu pO3MICTUTH y BEKTOpaxX IEpepuBaHb, TO OCHOBHHMM J0JATOK HISIK HE
BiJlYy€ BUKOHAHHA (PPArMeHTIB CYCIAHIX MiAmporpaMm. ['0JIOBHE BHU3HAYUTH MOKIUBOCTI
arapaTHOl YaCTUHU.

[Iporpamue 3a0e3nedeHHs MIKPOKOHTpoOJiepa HE0OX1THO OyIyBaTH 3 MaKCUMaJIbHUM
BuKopucTanHsiMm mnepudepii. [Ipu 1poMy sSApO HE BHUKOHYBaTUME O€3Jidl PYTHHHUX
oTiepartii.

[Ticnst BKIFOYEHHS KUBJICHHS CEPBICHA MTporpamMa MOYMHAE MPOBOIUTH 1HIIIATI3AIIIO.
Ha mouatky mporpamMu mpuKpiruiroeThest (paitn 0107I10TEeKH MIKPOKOHTPOJIEpA, MICIs Y90To
OTOJIONTYIOThCSL OITH TIOPTIB 1 PETICTpH Mam'siTi, SKI BUKOPUCTOBYIOTHCS B Iporpami.
MIiKpOKOHTpOJIEp Ma€ BUIBHI JUIsI BUKOPUCTAHHS KOMIPKHM MaM'siTi 1, MO0 TPH KOXKHOMY
3BEpPHEHH1 JI0 MEBHOI KOMIPKM HE OMHCYBAaTH ii ajpecy, Ta MOJIETIIUTH (POpMyBaHHS
IIPOTPAMU - IIPUCBOKOETHCS 11 HA3BA.

V nmoHATTS 1HImami3anii BXOIUTh:

J MIPUCBOEHHS MMOYATKOBHUX 3HAUYEHb BCIM 3MIHHUM MIPOrpaMu;
o HaJaIITyBaHHS BC1X BHYTPILIHIX CUCTEM MIKPOKOHTPOJIEPA;
o BIIHOBJICHHSI PEKMMIB POOOTH CHUCTEMH, BCTAHOBJICHUX Yy TIOMEPEIHHOMY

ceaHCl poOOTH IUIAXOM 3UUTYBaHHS BiANoBiAHUX napameTpiB 3 EEPROM-mam'siti;
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o BUKOHAHHS  MiANporpaM, MNPU3HAYEHUX A  HaJAlTyBaHHSA  BCIX
nepudepiiHuX MOAYJIIB Yy BUXIAHHIA CTaH;
o BUKOHAHHS MIANPOrpaMy 3aMyCKy CHCTEMHHUX JIYMIBHUKIB-TalMEpiB 1

MEXaHi3My MepepruBaHb MiKPOKOHTPOJIEPA.

JIns BUKOpPUCTAHHS y Mporpami KOHCTAHT 1 3MIHHMX HEOOXIJHO iX IOIepeaHbO
ormucaty Ta oroyiocut. KoHCTaHTa - 1€ IPOCTO JeSKE YUCIIO, 0 YaCTO BUKOPUCTOBYETHCS
B IIpOTpami, 1 Ma€ TIEBHUM 3MICT.

KpiM koHCTaHT, 5Ki, BIAMOBITHO JO CBO€i HA3BH, MPOTATOM YCHOTO 4Yacy pPOOOTH
pOrpaMu HIKOJIM HE MIHSIOTHCA, Y Mporpami iCHYIOTh 3MiHHI. [li 3MiHHOIO B mporpami
PO3YMIIOTH 1M'sl pericTpa, abo aapecy KOMIpKU MaM'aTi, ¢ B MPOIIECI BAKOHAHHS MPOTPaMH
Oyzae TuMYacoBoO 30epiratucs 3a3/ajeriap HeBiAoMa BEIUYUHA, a00 MPOMDKHUN pe3yibTatr
00YHCIIEHB.

Din E <
( Mouarox ) (l)wl Mouarox )

THILTAJTIBALIA MK
HAJIAUITYRANNA NOPTiR

THILTAJTISALLIA MK
HAJAATYBAHHA NOPTIB

MSSP SPL, 12¢ MSSP SPI
! Orpumanns gannx
Orpumanns 1a 3ULua U2
JANMC Y IMiNy
aani 3 T74
Y
Y MigroToBKa 1aNNX
AAR BHBEICHHS HA
Beranosaenns 2-paakonnii PKI
TPRNRUL B 10neMoron
KHOHOK
\ Beranonacnus peae
y BUmnosiane
Tlepeantin qanmnx o i
ua U2

Pucynox 3.1 - brok-cxemu po6otu CructeMu KOHTPOIIO TEMIIEPATYpHU
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3.2  KondirypyBanus npuctporo 3 Bukopuctanasam gupektuBu _ CONFIG

CimeiictBo  MikpokoHTpoJiepiB  PIC16 Mae Habip cnoemianbHuX  (yHKIIIH,
NpU3HAYEHUX JIJIs1 PO3LIMPEHHSI MOKIIMBOCTEN CUCTEMH, MiHIMIi3allii BApTOCTI1, BUKIIOYCHHS
HaBICHMX KOMITOHEHTIB, 3a0€3MeUeHHs] MiHIMaJIbHOTO €HEPrOCIIOKUBAHHSA 1 3aXHCTY KOIY
Bix 3untyBanHs. B PIC16 peanizoBani HacTymHi cierianbHi G yHKIIII:

e BUOIp TUITY TE€HEPATOPA;

CKUJAHHS;

cXeMa CKUIaHHS M0 BKIIIOUEHHIO KUBIICHHS |
taiimep ckuganns (DRT);

cropoxxoBwuii Taiimep (WDT)

PEKUM MOHMKEHOTO eHeprocnoxuBanus (SLEEP);
3aXUCT KOAY BiJ] 3YMTYBaHHS;

e 0iTH 11eHTUDIKAITI].

B perictpi koHbiryparlii onucyroTbes 01Tu KOHDIrypaiiii, B K1 BXOISTh:

e 0IT 3aXUCTYy

e 0IT 703BOJY PoOOTH TaliMepa BKIIOUEHHS )KUBJICHHSI

® 0iT 103BOJTy POOOTH CTOPOKOBOTO TalkMepa

e BHOIp TUILY reHepaTopa

bitu koH}irypanii 3anar0Thes 3a qonoMororo qupektuBd _ CONFIG. @parment
3aroJIOBKY MPH HaMMCaHHs mporpamu it MikpokoHTpoiepa PIC16F876 3 Bukopuctanusm
MoBH C:

#include <pic.h>

CONFIG(FOSC_HS&WDTE_OFF&PWRTE_OFF&CP_OFF&BOREN_OFF&L
VP_OFF&CPD_OFF&WRT_OFF&DEBUG_OFF);

@®parMeHT 3aroJIOBKY IMpY HaMCaHHs NporpaMu it MikpokoHTpoiiepa PIC16F883 3
BUKOPHUCTaHHAM MOBH C:

CONFIG(FOSC_XT&WDTE_OFF&PWRTE_OFF&MCLRE_ON&CP_OFF&CP
D_OFF&BOREN_OFF&IESO_OFF&FCMEN_OFF&LVP_OFF&DEBUG_OFF),

CONFIG(BOR4V_BOR40V&WRT_OFF);

3.3 HamnucaHHs Kepyr4o0i NporpamMu JAJisi MiKpOKOHTpPoJiepa

[Ticnst BKITFOUEHHS KMBJICHHS! CEpBICHA IIpOrpaMa MO4YMHA€E POBOJUTH 1HIIIATI3aLII0
nanux. Ha moyaTky mporpamu nNpukpimitoeTbest ¢pain 010110TeKH MIKPOKOHTpOJIEpa, Miclis
YOro OTOJIONMIYIOTHCS OITH TOPTIB 1 PETICTPU MaM'dTi, SKi BAKOPUCTOBYIOTHCS B TIPOTPAMI.
Jlanuii TN MIKpPOKOHTpPOJIEpA Ma€ BIIbHI JJISI BUKOPUCTAHHS KOMIPKU MaM'sTi 1, 00 mpu
KOXXHOMY 3BE€pHEHHI [0 TI€BHOI KOMIPDKM HE€ OMNHMCYBaTH 1ii ajpecy, Ta MOJETIIUTH
(opMyBaHHS IPOrpamMu - MPUCBOIOETHCS Ti HA3BA.

V noHATTS 1HIIad13a1i BXOJIUTh:

® IIPUCBOEHHS OYATKOBUX 3HAYEHb BCIM 3MIHHUM NPOTPaMU;
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e HaJaIITyBaHHS BCiX BHYTPIIIHIX CUCTEM MIKPOKOHTPOJIEPA;

® BiJHOBJICHHSI PEXUMIB POOOTH CUCTEMH, BCTAHOBJIICHUX Yy MONEPEIHbOMY CEaHCl
pOOOTH NUIAXOM 3UMTYBAHHS BIAMOBITHUX apaMeTpiB 13 (iem-nam'saTi;

® BUKOHAHHA MIJANpOrpaM, MPHU3HAYEHUX JJs YCTaHOBKH BCiX mnepudepiitHux
IIPUCTPOIB CXEMU MO3MUIIIOHEPA Y BUXIAHUN CTaH (OUYHIIEHHS 1HIAUKATOPIB, MiATBEPIKESHHS
KOMaH/IY 3yIUHKH JIBUTYHA TOLIO...);

® BHUKOHAHHS IMIJANPOrPaMH 3aMyCKy CUCTEMHUX JIYMJIbHUKIB-TAUMEPIB 1 MEXaHI3MY
nepepuBaHb MIKPOKOHTPOJIEPA.

KpiM koHCTaHT, 5Ki, BIAMOBITHO JO CBO€I HA3BW, MPOTATOM YCHOTO HYacy poOOOTH
MpOrpaMu HIKOJIM HE MIHSIOTBCA, Y Mporpami icCHYIOTh 3MiHHI. [lif 3MiHHOIO B mporpami
pO3yMi€ThCSL IM's pericTpa, abo aapeca KOMIPKM Tam'siTi, ¢ B MPOIECi BUKOHAHHS
nporpamMu Oye TUMYacoBO 30epiraTucs 3a3Jajeriib HEeB1IOMa BeJIMUKMHA, a00 TPOMIKHUMN
pe3yabTaT 0OYUCIICHb.

[Ticns BUKOHAHHS MOJYJIA 1HILIANI3alll] Tporpama nepexoauTh 10 OCHOBHOTO IIUKITY.
VY npomy HMKIII porpamMa nepedyBae yBech 4ac, MOKH BKIIOUEHE )KUBJICHHS.

[lepmior0 YaCTMHOIO HAIIOTO MPOEKTY OyJI0 HAMHMCAHHS TEKCTY Mporpamu s
NEPIIOro MIKPOKOHTPOJIEPA, 10 BUKOHYE (DYHKIIIIO OJIep KaHHs JaHuX 3 npuctporo T74 Tta
BCTAHOBJICHHSI TPAaHUYHUX 3HAYCHB, a TAKOK OOpOOKY Ta mepenauy naHux Ha apyruid MK.

Hapenenuii  Hmwkue MOAyJIb MpOrpaMu  3IIMCHIOE  IHIIIATi3aIlil0  IMOPTIB
mikpokoHTpoiepa PIC16F876 monyns SPI ta 12C:

#include "MK _init.h"

/[---- ortic QYHKITIH -------=-==-==-=------- void MK _init(void)

{

/[--HanamryBanust mopTis--//

TRISA=0b00000011;//1 Ta 2 BUBOIM - 11¢ BUBOH, SIKI BCTAHOBIIIOIOTH TPAHMUIII 32 JOIIOMOT OO

KHOIIOK

TRISB= 0b00100011;/*mepmri 2 6itu npuitmaroTh gaxi o 12C Bix T74, a 6 Git

- 11e OiT KepyBaHHs poTokony SPI*/

TRISC=0b00101000;/*4 Ta 6 6iTM - 1l¢ BHBOAM I MEpeAadi JaHHX 3a mporokonom SPI*/

/I MSSP SPI

........................ /[--- SSPSTAT

SMP=0;// onuTyBaHHs BXOly B CEPE/IMHI TIEPi0ly BUBESICHHS JaHUX

CKE=0;// Bubip ¢ppoHTY TaKTOBOTO CHTHAIY, JaHi IEPEAIOThCS 110 3aTHHOMY (POHTY CHTHATY Ha

BuBix SCK

//--- SSPCON1

CKP=0;// nani nepenarotscst o 3axHb0My GpoHTY curHany Ha BuBig SCK

Il Pexxum pobotu moaymns MSSP:

Il Benmyuwnii pexxum SPI, TakToBuii curnan = Fosc/4 SSPM3=0;

SSPM2=0; SSPM1=0; SSPM0=0; SSPEN=1; GIE=0;

/l MSSP 12C SSPADD=9; SMP=1; CKE=0; SSPCON2=0;

SSPM3=1; SSPM2=0; SSPM1=0; SSPM0=0; SSPEN=1;

}
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[Ticns inimiamizamii MM BUKOHYEMO HAmHMCaHHS Kepyrodoi mporpamu y ¢aiii main.c :

#include "MK _init.h"//migxmouaemo daiin imimiamizarii MK #include "12C_p. h "//ta daiin
nporpamHoi peami3aitii mporokomy 12C

//HamaemMo HaIIMM KHOIIKaM 3MiHHI, IS 3pYYHIIIOro HanucanHs nporpamu: #define Inc RA2
//xHOTIKA 301JIbLIICHHS 3HAUEHHS

#define Dec RA3 //xHoITKa 3MEHIIICHHS 3HAYCHHS

/[---- oromnomieHHs ri100aIbHUX 3MIHHUX ------
unsigned char T;// 3minna 1t 3anucy temmneparypu y nam’site MK unsigned char
gran;//3MiHHA JIJIsl BCTAHOBJICHHS TPAaHHUYHOTh 3HAYCHHS

//---- Orosomryemo GyHKIIO 415 iepenadi fJaHux Ha Apyruit MK -----------------
void spi_trans(unsigned char dat);

1 ---OMHUC QYHKINN

void spi_trans(unsigned char dat)
{ RB5=0;

SSPBUF=dat;

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

RB5=1;

}

//---- OCHOBHA TTPOI PAMA ----------=nnmm--
void main(void)

{
MK init();//byskuis iximiamizanii MK

//-- mporpamua peamnizariist [2C ---------- i2c_start_p();
i2c_trans_p(0b10011010); //1001101* - A5 (tranceive) i2c_trans _p(0x01); // CONFIG-reg
i2c_trans_p(0b01000000); // 3amyck kouBepTarii ADC i2¢_stop_p();

_delay_ms(200);

/[------- YUTAHHS PE3YJIbTATIB BUMIPIOBAHHSI ----------- i2c_start_p();
i2c_trans_p(0b10011010); //1001101* - A5 i2c_trans_p(0x00); [ITEMP-reg
12c_start2_p(); // mosropuuit CTAPT i2c_trans_p(0b10011011); //3mina

Hanpsamy 1001101+1 (receive) T=i2¢ recieve nack p();  //umranns inhopmauniiiHOTO OaliTY
temmeparypu i2¢_stop_p();

[Ticns Toro, sk MU OTpUMANM Ta 3alMCAIM JaHI NMPO TEMIEeparTypy, MOXKHaA IepelaTH JaHy
iHpopmaniro Ha npyruii MK 3a nonmomororo nponucanoi GyHKIiT TPOTOKOIY:

spi_trans(T);

while(1) {

B nanomy nukii Mu GyziemMo pealizoByBaTu poOOTY KHOIIOK:

//pyHKIIIsS U1 00pOOKH KHOTIKM 301TbIIIEHHS rpaHudHoro 3HaveHHs: if(Inc==0)

{
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while(Inc==0){}//ouikyBaHHs BiATUCKaHHS KHOIIKH gran ++;//iIHKpeMeHTaIlls 3HAaYCHHS
spi_trans(gran);//mepenanss oepKaHOTo 3Ha4eHHs Ha npyruii MK

}

//pyHKIs 11 0OpOOKH KHOIIKK 3MEHIICHHS TpaHndHoro 3nadens: if(Dec==0)

{

while(Dec==0){} //o4ikyBaHHs BiATHCKaHHSA KHOIIKH gran --;//IeKpEeMEHTAIis1 3HAYCHHS
spi_trans(gran); //mepenaHHs 0epKaHOTO 3HAaYeHHs Ha apyruii MK

¥
¥
¥

Jpyroro 4YacTMHOIO HaNIOrO MPOEKTY OYyJI0 HamUCaHHS TEKCTy MporpaMud g JPYroro
MIKpOKOHTpOJIEepa, 10 BUKOHYE (YHKIIIO ollep:kaHHs AaHuX 3 nepmioro MK Ta BUBOIUTH OTpUMaHi JaHi
Ha 2-psakosuii PKI.

HaBegenuii Hikye MOIyab NporpaMu 3IIHCHIOE 1HIMIAi3allil0 MOPTIB MIKPOKOHTpOJEpa
PIC16F883 ta monyns SPI:

#include "MK _init.h"

//---- onc QYHKITIH -------=-=-=--=-=------ void MK _init(void)

{

//--Hanamrysauus nopris--// TRISA0=0;//BuBin kepyBauus peie TRISAS5=1;//BuBin kepyBaHHs
nporokoiny SPI

TRISB=0; //mopt BuBenenns inpopmaririi Ha PKI

TRISC=0b11111000;/*nepuri 3 BuBoau - ne kepyroui BuBoau PKI, a 4 ta 5 BuBoAM - 11e
BHBOJIM TI0 SIKUX MU OTPUMY€EMO JAaHi BiJ nepmoro MK*/

Hactynuuit pparmenT xoty 3a1HCHIOE iHiLIaMi3alio pericTpiB Moy SPI:
____________ Il MSSP SPI
/[--- SSPSTAT

SMP=0;// onmuTyBaHHs BXOy B CEpPE/IMHI EPi0Iy BUBEICHHS JaHUX

CKE=0;// Bubip (ppOHTY TAaKTOBOT'O CUTHAIY, JaHi epeJatoThCs MO 3aJHbOMY (PPOHTY CHUTHAITY Ha
BuBix SCK

/1--- SSPCON1

CKP=0;// nani nepenarotscs 1o 3aaHL0MY GpoHTY curHany Ha BuBig SCK

Il Pexxum pobotu moaymns MSSP:

/] Benenmii pexxum SPI, TakToBuii curnan = Fosc/4 SSPM3=0;

SSPM2=1; SSPM1=0; SSPM0=0; SSPEN=1; GIE=0;

RS=0; RW=0; E=0;
b
[Ticns inimiamizamii MU 3A1MCHYEMO HANHCAHHS Kepyrdoi mporpamu y aiini main.c :
//orononryeMo Ta onmucyeMo (QyYHKIIIO Nnpuiiomy aanux Bif nepioro MK 3a JaHuM npOTOKOJIOM:
unsigned char spi_receive(void);

-lonuc GpyHKini
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unsigned char spi_receive(void)

{

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

¥

void main(void) {

MK _init(); // dyuxuis inimiamizanii MK led_init(); //dynxkiis inimiamizanii PKI
//TIuteMo 3aroTOBKY JUIsl BUBEJACHH 3HaueHb Ha ekpani PKI: lcd str("rele - ™);

lcd_pos(0,1);

lcd str("T=C");

//BUKOHY€EMO 34MTyBaHHS AaHuX 3 nepiroro MK, a came remneparypu 3 T74: T=spi_receive ();
gran=spi_receive ();

while(1) {

//Hactymnnuii parMeHT 3/1iiCHIOE BUBEJICHHs OTpuMaHuXx aanux Ha PKI:
//BU3HAUEHHATPAHWMYHOTO  3HAUCHHS  JI0O SKOro Hamie pene Oyle  3aluIlaTHCh

BUKIIFOYCHHUM:

if(gran<=18)

{

A0=0;

Icd_pos(7,0); /BcranoBieHHst Kypcopa B 7 mo3uiiiro nepimoro psjaka lcd_str("off");
Icd_pos(7,1); /BctaHoBiieHHsI Kypcopa B 7 mo3Huilito apyroro psaka sprintf(MAS, "%x", T);

//BuBenennst temmepatypu lcd_string();

}

//HKH_[O K 3UUTAHC 3HAYUCHHSA TCMIICPATYpHU OiIbIIIe BCTAHOBJICHOTO TpaHUYHOI'0O 4YHcJja, TO B HAC

BiI[6YBa€TLC$I BKJIFOUCHHS PEJIC 1 BUBCJACHHSA OTPUMAHOI'O 3HAYCHHS: else

{A0=1,
Icd_pos(7,0); /BcranoBieHHst Kypcopa B 7 mo3wuitito mepiroro psjaka lcd_str("on™);
Icd_pos(7,1); /BcTanoBieHHs Kypcopa B 7 mo3uliiro apyroro psaka sprintf(MAS, "%x", T);

//BuBenenns temmnepatypu lcd_string();

¥
¥
¥
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Pucynox 3.3 - Po6oua cxemu B PROTEUS B pexnmMi BKIIFOUEHOTO perie
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BUCHOBKHA

B mpomeci KypcoBOro mpOEKTyBaHHS PO3TJSHYTO MPHUHLHUIN TMPOEKTYBaHHS
OpPUCTPOiB 1 CHUCTeM, M0 TOOyIOBaHI 3 BHUKOPUCTAHHSM  OJHOKPUCTAIBHUX
MiKpoKoHTposiepiB ¢ipmu Microchip. Ilin vac BHKOHAHHA MPOEKTYBaHHS 31HCHEHO
3aKpIIJICHHS TEOPETUYHMX 3HAaHb Ta TMPAKTUYHUX HABUYOK [0 peaii3amii eTamiB
MPOEKTYBaHHS. Y3arajibHEHO TEXHIYHUM Marepian st (GOpMyBaHHA OCHOBHOT 1ijei
MPOEKTYBaHHS. 3A1MCHEHO aHalli3 BXITHUX JaHHUX, OOTPYHTYBaHHS 1 CHHTE3 CTPYKTYPHOI
cxeMu. [leTalibHO PO3IIISIHYTO CKJIa/I0B1 allapaTHOI YaCTUHM 1X MPU3HAYEHHS 1 0COOIMBOCTI
dbyHkiionyBanHs. [IpoaHanizoBaHO JTOKYMEHTaIll0, 110 OMUCYye PoOOTY CKIIAJIOBUX BY3JIiB
MKC. Ha ocHOBI UX JJaHUX OIMCAHO Ta CIIPOEKTOBAHO MPUHIUIIOBY CXEMY Ta aIrOPUTM
poooTH.

Jlisg moOynoBU OJIOK-CXEM, aJITOPUTMIB Ta MPUHIMIIOBUX CXEM 3aKPIIUIEHO HABUYKH
pob6otu 3 mporpamoro sPlan. J[yis HanmucaHHs 1 BIAro>KEHHS MPOTPAMHOTO 3a0€3MeUeHHS
BUKOpUCTaHO cepenoBuie po3podku MPLAB 8.92. V mpomy cepenoBulll CTBOPEHO
MIPOEKT, HAMKMCAHO TEKCT MPOrpamMu 3 BUKOPUCTaHHAM MOBH C, 1 3/11iICHEHO KOMIUIALIIO Y
hex-gaiin. CepenoBuiine po3poOKH MOXKE BHKOPHCTOBYBATHUCH Pa3oM 3 MPOrpamMaTopamu
JUIA 3alldCy TOTOBOTO BHUXIJHOTO KOOy MPOLIMBKA Yy MaM'Th HpOrpaMud BHOpPAHOTO
MIKpOKOHTpOJIEPA.

[Ipn HanucaHH1 TEKCTy mporpamu c(hOopMOBaHO 3HAYEHHS pericrpa KoHpiryparii 3a
JTAHUMH JOKYMEHTAIlli BUPOOHMKA, OITUCAHO PETICTPH CHEIiadbHUX (QYHKIIINA Ta 3araIbHOTO
NpU3HAYEHHS.

[IpoBeneHo HiMiaNi3a1ii0 MIKPOKOHTpOJIEpa, MOro BY3JIiB Ta MOJTYJIIB.

Jlst 3a06e3nedenHs po6otu nepudepiiHuX MPUCTPOIB 31HCHEHO KepyBaHHS, PUHOM
Ta nepeaya JaHUX 3 IPUCTPOIB BBEACHHS Ta /10 MPUCTPOIB BUBEJICHHS 3T1HO BapiaHTy.

VY pobouiit yactuHi 3a06e3neueHo GpyHkiionyBanass MKC 3rigHo BapiaHTy.

KypcoBuii npoekT Moke OyTH OCHOBOIO pO3pOOKH KEpyHUOi CUCTEMH 300py JAaHHUX
91 CUCTEMU KepPYBaHHS Ta KOHTPOJIIIO 32 BUKOHAHHSM 3aBJ/IaHb.
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