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BCTYII

Kypc “CrenianizoBati i HpOMHUCIOBI MIKPOTIPOIIECOPHI CUCTEMHU €
CKJIaJIOBOIO YaCTHHOIO JUCIHUILIIH, K1 BKIIOUEHI JI0 EepeTiKy 000B’I3KOBUX
JTUCIHILUIIH 1H)KEHEPHOT MITOTOBKH 3 €IEKTPOHHUX CHUCTEM.

Januit kypc 0a3yeThCsl Ha HACTYIMHUX JUCIUIUTIHAX:

MikpornpoliecopHa TeXHIKa

[udposa cxemoTexHika

[lepcoHalibHI KOMIT' FOTEpU Ta OCHOBH MPOTPaMyBaHHS

Merta Kypcy — BUBUEHHSI OCHOBHMX MPUHIUIMIB poOOTH 1 3aC001B

IIPOCKTYBAaHHA CHGHiaHiI’)OBaHI/IX 1 IMPOMHCIIOBUX MiKpOHpOIIGCOpHHX CHUCTCM Ta

npua0aHHS MPAKTHYHUX HABUKIB IPOCKTYBAHHS TAKUX CHCTEM.

B nponeci BUBUEHHS KypCy CTYJAEHTH HaOYBatOTh 3HAHHS 3 METO/IIB Ta
3ac001B pO3pOOKHU arapaTHOI YaCTUHU Ta MPOTPAMHOTO 3a0€3MeUCHHS
MYJIbTUMIKPOKOHTPOJIEPHUX CUCTEM Ta CUCTEM 3 KOMIT IOTEpaMHu.

Cmyoenmu noGuHHI 3HAMU:

3arajbH1 TPUHITUIHN TOO0YI0BH Ta (DYHKIIIOHYBaHHSI
MYJTBTUMIKPOKOHTPOJIEPHUX CHCTEM

METO/M Ta 3aCO0U PO3POOKH CIICIiaTi30BaHUX Ta MPOMHUCIOBHUX
MIKpPOTIPOIIECOPHHUX CHCTEM 3 MEPCOHATHLHIUMHE KOMII ‘I0OTEPAMH K JJAHKaMU
KepyBaHHsI Ta O0YMCIICHHS KEPYIOUOTO BIUIHBY.

CmyOoenmu noGuHHI eMimu.

CaMOCTIMHO MpaIlOBaTH 3 HAYKOBO-TEXHIYHOIO JIITEPATYPOIO 1O

MIKpPOIPOIIECOPHUM CHUCTEMaM Pi3HOMAHITHOTO MPU3HAYCHHS;

BUKOPHUCTOBYBaTH HAOyT1 3HAHHS NMPHU MPOEKTYBaHHI CIIeLiaTi30BaHUX Ta

MPOMUCIIOBUX MIKPOMPOLECOPHUX CUCTEM

PO3pO0IATH MporpaMHe 3a0€3MeYeHHS CIIeIiaTi30BaHUX Ta MPOMUCIOBHUX

MIKpPOIPOLIECOPHUX CUCTEM.
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Posaia 1. PO3HNOALIEHI MIKPOKOHTPOJIEPHI CHCTEMHM
JIEKIA 1

Obu1acTi 3acTOCYBAHHSA Ta NPUHIUIYU MO0YI0BH PO3NOAiTEHUX

MIKpPONPOLEeCOPHUX CHCTEM

Ha crorognimnHiil 1eHb po3MOALIEHI MIKPOKOHTPOJIEPHI CUCTEMU KEPYyBaHHS
3aiiMaroTh MPOBIIHE MOJOKEHHA B cpepi aBTOMATU3AIIIT TPOLIECIB, TOYNHAIOYH BiJ]
BEJIMKMX BUPOOHMIITB 1 3aKIHUYIOUM aBTOMATHU3ALIIEI0 OY/I1BEIb.

[HTEeNneKTYyanbHI By3JId PO3MOILIEHOT MIKpOKOHTposiepHoi Mepexi ( fieldbus-
cucteMu abo MMPOMUCIOBOT MEPEXK1) BUPILIYIOTh 3a7ja4l 00OpOOKH JTaHUX 3 TaTUYUKIB
1 BUJauy KepyrouuXx BIUIMBIB Ha Kepyrodl npuctpoi. Po3noauiena cucrema
JI03BOJISI€ 3aMIHUTH OJJUH BUCOKOi BapTOCTI BUCOKOIIPOTYKTUBHUM MPOIIECOp Ha
KUJIbKa MEHII MPOAYKTHUBHUX 1 IEMIEBUX POLIECOPIB.

OcHOBHI TIepeBary Mpy BUKOPUCTAHHI PO3MOAIIEHUX MIKPOKOHTPOJIEPHUX
CUCTEM Y MOPIBHSHHI 13 IIEHTPAJII30BaHUMHU CUCTEMaMH TOJIATAIOTh Y MEHIITH
BapPTOCT] YCTAHOBKH PO3IMOALIEHOI CUCTEMH, 11 CYNPOBOKEHHI i MOAEpHI3allli,
OUIBIIIOT HAAIMHOCTI, THYYKOCTI ¥ 3/1aTHOCTI /10 1HTerpaitii. O Hak, HasBHICTb
MOCIIAOBHOT IIIMHU TIepeAayl JaHuX, sIK IPaBUIIO, HaKJIalae 0OMEKEHHS Ha
TOIIOJIOTIIO CUCTEMH 1 Ti IMIBUIKOIIIO.

[IpoTsirom ocTaHHIX T'ATU POKIB B PO3BUTKY apXITEKTYypU MIKPOCXEM
MIKPOKOHTPOJIEPIB POBIAHUX CBITOBUX BUPOOHHUKIB CIIOCTEPIra€ThCs CTIMKA
TEHCHIIIS 3pOCTaHHsI KUIbKOCTI BOy10ByBaHUX iHTep(deiiciB. Ha BiqMminy Bin
MIKPOCXEM MIKPOKOHTPOJIEPIB MOMEPEAHIX MOKOJiHb, 3 MIHIMyMOM IHTEP(ENCIB 1
uudpoBoi nepudepii (s npasuso, iHTepdeiic mocaigorHoro nmopty UART,
JeKiJbKa TaiiMepiB 1 MiJCUCTEMa NEPEPUBaAHb), CydacHI MIKPOKOHTPOJIEPH
OCHAILYIOThCS YUMAJIUM HAaOOPOM JI0AATKOBUX LIU(PPOBUX 1 aHATOTOBUX

nigcucteM. Jlo ckimany nudpoBux miacuctem BXoaaTh: unmaia Flash mam'ste
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mporpam (JaHuXx), 10 Ma€ PO3Mip BiJ BOCBMH JI0 ACKUIBKOX COT€Hb K1JIOOAMT;
orepaTHBHA MaM'ATh 3 00'€MOM JI0 IEKUIBKOX JIECATKIB K1JI00AT; po3BUHEHA
cUCTEMa NIepeprBaHb, 00POOIIIOBATIbHA 10 TPUALISTH JIKEPEII IepepUBaHb;
crnemiaiizoBati («ctopoxein) Taimepu WDT (Watchdog Times); pi3Hi Tunu
TeHepaTopiB 1 BEJHMKA KIJTbKICTh 1HTEP(EHCiB.

AHaJ1i3 OCHAIEHOCT] CYy9aCHUX MIKPOKOHTPOJIEPIB MPOBIIHUX CBITOBUX (HipM
Silicon Laboratories Corp., Atmel Corp., MAXIM-Dallas Corp.no3Boisie
CTBEP/KYBATH, 1110 Cepesl CydacHUX MiKpoKoHTposuiepiB 100% ocHalieHi o1HUM 1
npubau3Ho 25% - neoma nociioBHuMu nopramu UART. [Tpubnuzuo 85%
MIKPOKOHTPOJIEPIB MalOTh B CBOEMY CKJIaJll TOCIIIIOBHUI NTeprU(pepiiiHuil
inTepdetic SPI (Serial Peripheral Interface). [Ipubnuzno 40% ocHauryroThcs
iHTEepdeiicom cuctemHoi mmHu SMBus, cymicanm 3 [2C. Menme 20%
MIKPOKOHTPOJIEPIB OCHAIILYIOTHCS BCIMa IHIIMMU TUNIAMU 1HTEPPENCIB, TAKUMU SIK:
yHiBepcainbHa nociigoBHa mmHa - USB (Universal Serial Bus); inTepdeiic mepexi
MmikpokoHTpoJiepiB - CAN (Controller Area Network), onHOnpoBiaHMiA
neoHamnpasieHuit inTepdeiic MICROLAN 1 psin iHIIHX.

[Tpu 11boMy CI1i/1 3a3HAYUTH, 110 SKIIO II€ KUTbKA POKIB TOMY MPAKTUYHO
KOXEH 3 MIKPOKOHTpoJIepiB ocHanlyBascs iHTepdericom UART, To B nanuii yac
el iHTepdeic yrneBHeHO BTpadae CBO1 JIUPY0Ui (Y MUHYJIOMY ) MO3uIii. J{is
3B'SI3KY 3 IEPCOHAIBHUM KOMIT'FOTEPOM BCE YaCTillle BAKOPUCTOBYETHCS
yHIBepcaibHa nociigoBHa muHa — USB, ocKiIbKU Mae BUII MIBUAKOCTI Mepeadi i
3a0e3neduye MUTHIA PsJ] 1HITNX JO0IaTKOBUX (DYHKITIOHAILHUX MOKIUBOCTEH. J{7s
oprasizaiiii MIKpOKOHTPOJIEPHUX MEPEX BUKOPUCTOBYIOThCS 1HTepdeiicu: CAN,
SPI, SMBus i MICROLAN. Jlyis BHYTpiCUCTEMHUX (BHYTPIITHHOTUIATHHX )
3B'S3KIB B Cy4aCHUX KOHTpOJUIEpax HaWyacTillie BUKOPUCTOBYIOThCS 1HTepdeiicu
SPI 1 SMBus.

Po3pi3HsAI0TH KisbKa Pi1BHIB MOJENEN PO3MOAIIEHHUX CUCTEM..

Ha nepiromy piBHI MOJIes1 3aCTOCOBYIOThCS 1HTEpdericu

[ToBHOYTINIEKCHMIA TOCTiTOBHMI iHTep(deiic RS-232, RS-485.
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[Tocninosuuii inTepderic USB (Universal Serial Bus);

VHiBepcanbHul acuaxpoHHui npuiimad-niepenasad UART ( Universal
Asynchronic Receiver Transmitter )

Cunxponnuii nociigoauit inTepdeiic SPI (Serial Peripheral Interface).

[aTepdeiic Mmepexi MIKPOKOHTPOJIEPIB IHTEPPEIC CHCTEMHOT KEPYIOUOi IITMHU
SMBus, cymicuum 3 12C

CAN (Controller Area Network),

OpnHomnpoBigHuM ABocTpsaMoBaHuil iHTepdeiic MicroLAN

JBomposinnwuii inTepdeiic TWI (Two wire Interface)

Onuomnposinuuii intepderic OWI (One wire Interface)

besnposinnuii inTepdeiic ZigBee

Ha apyromy piBHI MOJi€JTi 3aCTOCOBYIOTh TPOTOKOJIN OOMIHY, 11O
BIJIPI3HSIOTHCA MPU3HAYEHHAM 1 OTYKHICTIO. Bel nporokonu fieldbus-cucrem
MO>KHA 3TpyIyBaTH 3a BUJIOM MEPEKHOTO apOiTpaxy, a came:

TIPUHITUT OTTUTYBaHHS,

TIPUHIIHAI;

MPUHITUT BUTIAJIKOBOMY JIOCTYITY.

[TpuHITMTT OIUTYBAaHHSI BUKOPUCTOBYIOTHCS B TUX BHUIAIKAX, KO B MEPEXKIi
MPUCYTHIN OAMH TOJOBHHM MPUCTPIH 1 KITbKA MIAJIETIINX, 1110 HE MalOTh "MpaBa
rosocy". Ilpuknanom Takoi cuctemu € mepexa Modbus

VY Mmepexax 3 nepegauero mapkepa (mepexi P-NET, Profibus) mpaBom 3aHsTTs
IIIMHYU BOJIOAIE MPUCTPIiH 3 "MapkepoM", 10 MepeIa€ThCs BiJl OJTHOTO MPUCTPOIO JI0
1HIIOTO.

[Tpu BunagkoBomMy npunnuiy goctymny (mepexi LonWorks, EIB, Ethernet)
MPUCTPOI MPOCTYXOBYIOTh MEPEKY i KOHTPOJIOIOTH CBOIO TIepeiady Ha MpeMeT
BUSIBJICHHSI CIIOTBOPEHHS 1H(GOpMAILlii 3 METOI0 KOHTPOJIIO KOMi31i. Y BUMIAIKY
KOJTi311, By30J1 MEpeX1 BIAMOBIIHO 10 MIEBHOTO alropuTMy (ICHY€ KiJIbKa BapiaHTIB)

BI/I6I/Ipa€ BUIIAIKOBUM CIroco0oM 4ac ITOBTOPHOTO Bi,Z[HpaBJIeHHSI HOBiI[OMJICHH}I.
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BiamiHHOIO pUCOIO TIEPIIMX JBOX METOIIB apOiTpaxKy € MOKJIUBICTh
rapaHTyBaHHS Yacy BIIMOBII, IO JO3BOJISAE iX BITHECTH IO CUCTEM PEATBHOTO
gacy. TpeTiii MeToa 103BOJISIE€ TApAaHTYBATH Yac BiAMOBIII JIUIIIE 3 TIEBHOIO

HMOBIPHICTIO, 110 3aJICKUTh BiJ KUJIBKOCTI IPUCTPOIB B OJHOMY CETMEHTI MEPEXKI.

JIEKINIA 2
MyJabTHMIKpPONIPOLECOPHA cUCcTeMa 3 iHTep(eiicoM nmepuioro piBHs

UART.
Vuueepcanvuwiii acunxponnwiii npuemonepedamyux (UART)
VYHiBepcanbHull acHHXpOHHUH npuiimau-tiepenaBad UART ( Universal
Asynchronic Receiver Transmitter ) mpuznadenuii 1ist 3a0e3e4eHHs
nociigoBHoro oominy ganumu. Inrepdeiic UART sBinsie co6oro
MOBHOAYIUIEKCHUM 1HTepderic, TOOTO mpuiiMad 1 epeaaBad MOXYTh MPaIIOBATH
OJIHOYACHO, HE3JIEXKHO JIPYT BiJ JIpyTa.
o cknagy UART BXOISTh:
® TaKTOBUM reHeparop 3B's3Ky ( 00ApeUT-reHeparop),
® Kepyloul pericTpu,
® CTaTyCHI PEeTICTpH,
e Oydepu
® pETiCTpH 3CYBY IpHiiMaya i repeaaBaya.
boapenT-reneparop 3a1a€e TAKTOBY 4aCTOTY IPUHAOMOIIEpeaaBayda il 1aHO1
IIBUJIKOCTI 3B'SI3KY.
Kepytoui perictpu 3a1at0Th pekuM poOOTH MOCITIIOBHOTO TTOPTY 1 HOTO
nepepuBaHb.
VY crarycHOMY pericTpi BCTAHOBIIOIOTHCS MPAropy 3a PiI3HUMH MOI1SIMHU.
VY 6ydep npuitmaya notparisie NpUAHATAN CUMBOJI, Y Oydep nepenaBaya
NOMIIIAIOTh MEePEAAHUM.
Perictp 3cyBy nepenaBaua Bugae 6itu nepegaHoro CUMBOITY (Kaapy). Perictp

3CyBY NpuiiMadya HaKOMU4ye MPUAHATI 3 TOpTy O1TH. [10 pi3HMX MOaIAX
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BCTAHOBIIIOIOTHCS TIPAIOpU 1 TEHEPYIOThCA MepepUBaHHs (3aBepIICHHS
npuiioMy/BiANIPABICHHS KaApy, 3BUIbHEHHA Oy(depa, pi3Hi TOMUIKH).

Jliniro mopty npuiiMada nmo3Hadaroth RX, nepenaBauda - TX. [TocnimoBHO0O
YCTAaHOBKOIO PiBHIB Ha IUX JIHISX MO0 3arajbHOro mpopoay ("3emmi") 1
niepeaaeTbes iHpopMalis. 3a 3aMOBUYBAHHSM TepeaBad BCTAHOBIIIOE HA JIiHIT
OJMHUYHUH piBeHb. [lepenada mouynHaeThCsl MOCHIIKOIO 01Ta 3 HYJIbOBUM PiBHEM (
cTapT-0iTa), MOTIM MIyTh OITH JaHUX MOJOIIIMM OiTOM yrepes (HU3bKUI pIBEHD -
"0", BUCOKHi1 piBeHb - "1"), 3aBepIIyeThCs MOCUIIKA TIepeaaueto 0JHOro abo ABOX
O1TIB 3 OIMHUYHUM PIBHEM (CTOM-OITIB).

EnexTpryHnii CUTHAI KaJApy NOCUJIKHA BUTJIANAE TAK:

C'rap'r 6 iTH HaHHHX (8 abo 9)
bit GiT

Puc. 1.1. Kagp nocunku UART

[lepen moyaTkoM 3B'sI3Ky MIXK JBOMA MPUCTPOSIMU HEOOX1HO HACTPOITH X
npuiioMoriepeaBayy Ha OJHAKOBY IIBUAKICTH 3B'SI3KY U (popMart Kaspy.

[IBuakicTe 3B'13Ky (baudrate) BuMipsieThesi B 00/1aX SIK YUCIIO MIEpeTaHuX OITiB
y CEKYHy (BKJIFOHUAIOUX CTAPT 1 CTON-OMTI). 3a/1a€ThCs 1151 MIBUJIKICTh Y OO IpENT-
reHepaTopi IUICHHSIM CUCTEMHOI YacTOTH Ha 3afaHuil koedimieHT. Tumopuit
miana3oH mBuakocter: 2400 ... 115200 oox.

dopmMar kajpy BU3Havyae ynciao cron-oiTiB (1 abo 2), uncino O1TiB 1aHux (8 adbo
9), a TakoX MPU3HAYCHHS JIeB'sITOr0 OiTa JaHUX. BCe 11e 3aJIeKuTh BiJl TUITY
KOHTpOJIepa.

[Tpuitmay 1 mepeaBay TaKTy€EThCS, SIK TPABUIIO, 3 16-KPaTHOIO YaCTOTOIO
BiTHOCHO OoxpeiiTa. [le moTpiOHO 115 cemrutipyBanHs curHany. [Ipuitmay,
BHU3HABIIIM HAsBHICTH MaJial0uoro GpoHTY CTapT-01Ta, BIAPAXOBYE KIJIbKA TAKTIB 1

HACTYIIHI TpU TakTu 34uTye (ceMiutipye) mopt RX. Ile came cepenuna crapr-oura.



Cneyianizogani i npoMUCIO8I MIKPONPOYECOPHI cucmemu 10

Ski1o G1IBITICTh 3HAYEHb ceMILTIB - 0", cTapT-01T BBAXKAETHCS MPUHNHATHM,
1HaKIIIe MpUMay MpuiMae HOTo 3a MIyM 1 YeKa€ HACTYITHOTO MaJarodoro GpoHTY.
[Ticnst Banoro BU3HaYEHHs CTapT-0iTa, MpUiiMay Tak caMo CeMIUTIPY€E CepeaHU
01TiB JaHUX 1 1O OLIBIIOCTI ceMILTiB Bu3Havae Oit "0" abo "1", 3anucyrouu ix y
perictp 3cyBy. CTOM-01TH TE€X CEMIUTIPYIOThCA, 1 SKIIO piBEeHb CTON-0iTy He "1" -

UART Bu3Hauae NOMWIKY KaJpy i YCTaHOBIIIO€E BIJIMOBITHUN TIpamnop y

KEpYIOYOMY PETiCTPI.

CTapT
biT

11} 11
UL R CARRCLERIL A
TSR 4

Puc. 1.2. Busnauenus 0iTiB

SHAWYLI] CeMITH

OckibKH OOPENT YCTAHOBIIOETHCS AUICHHSIM CUCTEMHOT YaCTOTH, MPU
NepeHEeCeHH] IPOrpaMK Ha MPUCTPIH 3 THIITMM KBApIIOBUM PE30HATOPOM,
HEO0OX1HO 3MIHUTH BiAMOBIIHI HacTporoBaHHs UART.

B sxocTi npukiiaga po3riasiHeMo MOC1OBHUM 1HTEp(Eic MIKPOKOHTpOJUIEpa
MCS-51, cTpykTypHa cxeMa sKoro HaBejaeHa Ha puc. 1.3. Cxema MICTUTh 3CYBHUU
pericTp npuiiomy; 3CyBHHI pericTp nepenadi; OydepHuil perictp npuiiomy-

nepenaudi SBUF; cxemu ynpaBiiHHs Ta 00pOOKH 30BHIINIHIX CUTHAJIB YIIPaBIIIHHS.
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FRir JcveHInI pericTp )
TES * nepemayi ——» B TxD

Buyrpiuma Bydep j L Bmox +—Fhir REN

IHQopdAINiEa| IPHEOMY- )
IIHA <:> mepegatl }foliﬂBmHHﬂ » TI (SCON.1)
SBUF WVATIOI

17 — RI (SCON.0)

Bir 3CYBHINI pericTp
RES IPIGIOMY

b

Fy

F3

+——Bxig RxD

Puc. 1.3 CtpykTypa nociiioBHOTO OPTY

3anuc 6aity y 0ydep SBUF nporpamuum nusixom, Hanpukiiag MOV SBUF,
A. IpU3BOIUTH 10 ABTOMAaTUYHOI'O NIEPENUCYBaHHsI OaiiTa B 3CYBHHUI PETICTP
nepeaayl Ta iHILIIoE MoYaToK nepenayi o6aiira. HagsHicTs OydepHoro perictpa
pUIOMY J03BOJISIE MOEAHYBATH OMNEPAII0 TEPECUIIAHHS PaHIILIE TPUITHATOrO
OaifTa y BHYTPIIIHIO MaM'sITh 3 MPUHOMOM HACTYITHOTO Oaifta. SIKIo 10 MOMEHTY
3aKIHYEHHS npuiioMy OaiiTa nmonepeans iHpopmaiis He Oyna 3untana 3 SBUF,
BOHA BTPAYa€THCA.

[Tpu 3akiH4eHHI nepenadi 6aiTy hopmyeTbes curHani nepepuBanus T1
OCHOBHOI ITporpamMmu MiKpoKoHTpoJepa. [Ipu 3armoBHEHH1 pericTpa nmpuiitmada
dopmyeTtbes curnan nepepuanHs RI. Li mpanopu anapaTHO HE CKUAAIOTHCS
BIJIOBIJTHOIO MTPOTPaMOI0 NIEpEepUBaHb, HEOOX1IHO BUKOPUCTOBYBATH MPOTPaAMHI
3aCcO0H.

VYmpasninus podotoro UART 3miiicHioeThCs 32 qoriomororo perictpa SCON
(Serial port CONtrol), sikuii Mae mo0iToBYy aapecauito. [IpuznayeHHs 6iTiB

perictpa SCON naBeneno y taou. 1.1.



Cneyianizogani i npoMUCIO8I MIKPONPOYECOPHI cucmemu 12

Tabmuus 1.1 — [Ipusnauenns 6itiB perictpa SCON

BiTn

Tlo3nauenus

[Ipu3HadeHHs

1

2

3

2

SMO

6

SM1

BusHayaroTh 0/11H 3 4-X peXHMiB POOOTH MOCIIIJOBHOTO MOPTY:
SMO0 SM1

0 0 —pexum“07;

0 1 —pexum“1l”;

1 0 -—pexum 27

1 1 —pexum “3”.

SM2

J103B1J1 MyJIBTUIIPOLIECOPHOT pOOOTH:

y pexxumi “0” SM2 noBuHEH OyTH CKUHYTUH B HYJIb;

y pexxumi “1” mpu SM2 = 1 npanopens Rl yctaHoBmIO€THCS B
OJIMHUITIO TIPH HAJXO/KEHHI CTOI-01Ta, 10 JOPIBHIOE OJIMHUILL;

y pexkumax “2” 1 “3” mpu SM2 = 1 npanopeus RI nopiBHIO€ HYyIIO,
SIKIIO JICB ATUH OIT MPUHHATHX JAHUX JOPIBHIOE HYITIO.

SM2

J103B1J1 MyJIBTUIIPOLIECOPHOT pOOOTH:

y pexxumi “0” SM2 noBuHEH OyTH CKUHYTHH B HYJIIb;

y pexxumi “1” mpu SM2 = 1 npanopens Rl yctaHoBmIO€TBCS B
OJIMHUITIO TIPH HAJXOKEHHI CTOI-01Ta, 10 JOPIBHIOE OJIMHUILL;

y pexkumax “2” 1 “3” mpu SM2 = 1 npanopeus RI nopiBHIO€ HyIIO,
SIKIIO JICB ATUH OIT MPUHHATHX JAHHUX JOPIBHIOE HYITIO.

REN

J103B1J1 IPUIHSATTS MOCHIJOBHUX JaHUX. Y CTAHOBIIIOETHCH 1
CKUJAETHCSI MPOTPAMHO BIATOBIIHO JUISl I03BOTY Ta 3a00pOHU
NPUAHSTTS JaHUX

TB8

Jler’siTuii OIT IepelaHnX JaHUX Yy pekumMax “2” 1 “3”,
BcTaHOBIIOETHCS 1 CKMIAETHCS POTPAMHO

RB8

VY pexumi “0” RB8 He BUKOPUCTOBYETHCS;
y pexxumi “1” npu SM2 = 0 — npuitaaruit cron-0it;
y pexxumax “2” 1 “3” — neB’sTuil OIT IPUUHATHX JaHUX

Tl

[Ipamopers nepepuBaHHs NepeaaBaya.

VY pexumi “0” — yCTaHOBIIOETHCS anapaTHO MPU BUIayl
BOCBMOTO 0iTa;

y IHIIKX pexXUMax — YCTaHOBJIIOETHCS arnapaTHO pu (opMyBaHH1
cron-6ira.

CKHITa€THCS TIPOTPAMHO B YCIX peKUMax

RI

[Ipanopeus nepepuBaHHs NpUkiMaya.

[Ipu SM2 = 0: ycTaHOBIIOETHCS anapaTHO MPH NMPUHHATTI BOCBMOIO
6ita B pexxumi “0” abo yepe3 MOJOBUHY IHTEpBaTY CTON-0iTa B
pexumax “17, “27, “3”

ITpu SM2 = 1: B pexumi “1” RI He BCTaHOBIIOETHCS, SKILO HE
MPUHHATHN CTOM-01T; TOPIBHIOE OAMHMII Y pexumax “2”

Ta “3”; Rl HEe BCTAaHOBIIOETHCS, SIKIIO ACB’ ATUN TPUUHATUN OIT
JAHUX JIOPIBHIOE OJTUHUIII.

CKHMJIAQ€THCS IPOTPAMHO B YCIX PEXKHUMAX

[Ticns BubOpy pesxxumy poboTa inTepdeiica HacTymHa:
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Pexxum 0. [adopmariist nepenaerbes 1 mpuiMaeThes yepe3 Bxiaq RXD
npuiiMaya (BuBia P3.0). Uepes Buxin nepegaBaua TXD (BuBig P3.1) BugatoTscs
IMITYJIbCH CHHXPOHI3aIlii, 1110 CTPOOYIOTh KOXKEH MepeaBaHruii a0 mpuitMaHuii 01T
iHdopmMmarrii. @opmat nmocusiku — 8 61T. Yactora npuitoMy 1 riepeadi JOpiBHIOE
TaKTOBIHM 4aCTOTI MIKpOKOHTPOJIEPA.

Pexum 1. [rdopmaris nepemraerbes yepes Buxija nepeaapada TXD, a
npuiiMaeThes uepes Bxia npuitmaua RXD. @opmat nocuiku — 10 6it: ctapT-01T
(HyJB), BICIM OIT TaHUX, TPOTPAMOBAHUM JIEB'SITHI OIT 1 CTOM-OI1T (OAMHMIIS).
UYacToTa mpuitomy 1 iepeiadi 3a1a€TbCs TAaUMEPOM/TTUMIBHUKOM 1.

Pexum 2. [ndopmanis nepenaetscs yepes Buxia nepegasaya TXD, a
npuitMaeThes yepes Bxia npuitMada RXD. @opmar nocunku — 11 6iT: crapT-0iT
(HysB), BICIM OIT TaHUX, IPOrPaMOBAHUI JEB'sITHIA OIT 1 2 cTOn-01Ta (OAUHULIL).
[lepenaBanuii neB'sTuii 01T 1aHuX HaOyBae 3Ha4YeHHs Oita TBE 3 perictpa
cnemianbaux Qyskiin SCON. bit TB8 B perictpi SCON moske OyTu nporpaMmHo
BcTaHOBJIeHUH B «0» a00 B «1», a0 B HbOT0, HAMMPUKJIAJ, MOKHA TTOMICTUTH
3Ha4eHHs OiTa P 3 perictpa PSW niis miaBuiieHHs 10CTOBIPHOCTI 1H(pOpMAaIlii, 1o
npUitMaEeThCs (KOHTPOIIh 3a mapuTeToM). [Ipu npuiiomi aeB'aTuii 61T TaHUX
npuitHATOI mocuiku noctymnae B 01T RB8 perictpa SCON. YacroTa npuiiomy i
nepeaadl B pexkumi 2 3a1a€ThCsl MPOTPAMHO 1 MOKE JOPIBHIOBATH TAKTOBIM YaCTOTI
MIKpOKOHTpOJUIepa JaieHoo Ha 32 abo Ha 64.

Pexum 3. Pexxum 3 MOBHICTIO 1I€HTUYHUIA PEXXUMY 2 32 BUHATKOM
YaCTOTH MPUHOMY 1 TIepeadi, Ka B peKUMI 3 3aJa€ThCs TAHMEpPOM/IIYUITLHUKOM
1.

[IBuaKiCTH TpUTMaHHS-TIEpEAaBAHHS JAHUX Y TIOCIITOBHOMY MOPTY 3aJI€KUTh
BIJl peXXUMy poOoTH. Y pexumi “0” yacToTa nepeaBaHHs 3aJI€KUTh JIUIIE B
PE30HAHCHOI YacTOTH KBapiioBoro pe3oHaropa fy = fo/12. 3a oqun MammHHMII
IUKJI IOC1I0BHUHM TOPT nepeaae 1 61T iHpopmartii.

VY pexumax 1, 2 Ta 3 LIBUAKICTh NPUWMAaHHS-TIEPEIaBAHHS 3aJI€XKUTh Bl

3HayeHHs kepytodoro 6ita SMOD vy perictpi SCON. V pexwumi “2” yactora
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nepeaBanHs Bu3HadaeThes hopmymnoo f, = (2°MOP /64) . fo . Inakue kaxyun,

npu SMOD=0 gactora nepenaBanss nopisHioe (1/64)fo, a mpu SMOD =1
nopisHIoe (1/32)fq.

Y pexxumax “1” ta “3” y hopmyBaHHI 4acTOTH niepenaBaHHs, kpim 6ita SMOD,
npuiiMae y4actb matimep-aivunvHux 1. IIpy 1poMy yacToTa nepeiaBaHHs

3QJICKUTH BiJl YacTOTH niepenoBHeHHs (OVT1) 1 BU3HAYA€THCS TAKUM YHHOM:
f,5 = (2°M9P /32). f_ .. [lepepuBanns Bix TaiiMepa-IidnIbHEKa | B IIbOM
13~ out - H1€PCP A P HBbOMY

BUIAJKY MOBUHHO OyTH 3a010Kk0BaHMM. CaM TailMep-TiuniabHUK 1 MoXxe
MPAIIOBATH 1 K TaiiMep, 1 AK JIYMUIbHUK MOAIN Y Oy/Ib-IKOMY 3 TPbOX PEXHUMIB.
OpHak HalOUIBII 3pYYHO BUKOPUCTOBYBATH PEXKHUM TaiiMepa 3
aBTonepeBaHTaxxeHHsM (ctapiia Tetpaga TMOD = 0010B). ITpu ubomy vactoTa

nepenaBaHH;I BHU3HAYAECTHCA TAK:
fg = (2%MP /32) - (fq /12)/(256 - (TH1)).

Ilpuknan cucremu 3 intepgeiicamu RS232 i UART

Cucrema OCBITIIEHHS CTYyI1i Tenekanany “Iurep” nmpu3HaYeHHS AJis
pETYIIOBaHHS PIBHS OCBITJICHHSI B IBOX CTY/ISX TEJIEKaHATy — HOBUH Ta Mepesay.
Cucrema (puc 1.4) MmicTuth HekepoBaHMid TpubazHuil BUnpsvisia B , 64 kanamis
PEryJsTOPIB €JIEKTPOKUBICHHS TAIOT€HOBUX JIaMIl Ta MYJIbTUIIPOLIECOPHY
cucremy keyBaHHs. Koxxuuit kanan mictuts LT (LLIIT1-1111T164), mo npaittoe 3
yacTtoToro 5 kI'11, 1 MikpokoHTpoJiepHY cucteMmy kepyBanHa MK1-MK64.

BukopuctanHs MOCTIHHOT HAPYTH JJIs1 )KUBJICHHS 3 HU3bKUM PIBHEM
MyJIbCAIH T03BOJISIE TABUIITUTH SIKICTh OCBITIICHHS MTPH TEJIE3HOMKaX.

3aranpHe KepyBaHHS KaHAJIAMHM 31MCHIOE MYJIBTUMIKPOIIPOIIECOPHA CUCTEMA 3
TpbOMa PiBHAMHU i€papxii. Ha meprioMy piBHI 3HAXOIUTHCS IEPCOHANIBHI
€JIEKTPOHHO-00UYNCITIOBAIBHI MallIMHK 1BOX Tenectyaii - 1K1 ta [TK2, Ha

JIpyromMy - MikporpoiecopHa cuctema kepyBanus (MCK) Ha 6a3i
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onHokpucTtaibHoi MikpoEOM ¢ipmu ATMEL AT89C2051, Ha Tpetbomy -
MIKpOKOHTpOJIepH OKpeMux KaHanoB Tumy AT89C1051.

[TK1 ta I1K2 103BOJISIOTE 3 IBOX PI3HMX MPUMIIICHb KepyBaTH KOHpIryparien
Ta PIBHEM OCBITJICHHSI OKPEMUX JIaMIl 200 BCTAaHOBJIIOBATH PO3POOJICHI PaHIiIl
creHapii ocBitienus. [Ipu onnodacHiit po6otu npiopuret mae [1K1.
MikpormporiecopHa cucTemMa KepyBaHHs Iiepeae Ha MiKpOKOHTPOJIEPH OKPEMHX

KaHaJIB CUTHAJIHN KEPYIOYOTro BILUTUBY Y BUTJISAI 3HAYCHHS CKBAKHOCTI IMITYJIbCIB.

K1 K2
RS232
- * »
MCY
UART
< L >
\ 4 Y : Y Y
MK]1 ... | MK20 | MK21 .. MK64
v CTyI[lfI 1 v ; v CTyﬂlH 2 v
11111361 20 | | | [l 1111164
1 1 1 1
Mepexa — | B | @
Puc. 1.4.

TexHI4HI XapaKTepUCTUKU CUCTEMH HaBEICHO B Ta0J. 1.2

Tabnuus 1.2 — TexHiuHi XapaKTePUCTHKU

TexHiI4HI XapaKTePUCTUKU Uucnose 3HaAYCHHS
KiJIbKiCTh KaHAJIB: 64
Jiama3oH peryntoBaHHs BUX1THOT 60-220 B
HaAIpyryd KaHala
Buxigauii ctpym (IBux npu 1-5A
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Usux=220 B)
[ToTyxHicTh PMax kanamy 1 kBt
HecTabinpHICTh BUX1THOT HATIPYTH <3%
KaHaja
Yac BUXOJy Ha PEKUM <3c
KinpKicTh mporpaMM OCBITJICHHS >=10

[Iporpamue 3a06e3nedyeHHs Hanmucane Ha MoBi DELPHI Ta Assembler 51.
[Tporpama na moBi DELPHI MicTuTh HacTymnHi O6J10Ku:
1. JiarHocTuka
2. Koudiryparis
3. PerymnroBaHHs piBHS OCBITJICHHS
4. HanamtyBaHHS Ta KOHTPOJIb

1. Ilicns 3aBaHTaXEHHS! IPOTPAMU MPOBOAUTHCS HOYAMKO8A 0IA2HOCMUKA
MIKporpolecopHoi cuctemu ynpasiiHHsa (MCY). Skiio B npoueci 11arHOCTUKU
3'sBIsIIOTHCA moBiioMiieHHs «Hewmae 3B's3ky 3 MCV 1y, a6o «MCVY 10 06miny He
rotoBaly, TO CJIiJI MEPEeBIPUTH HAABHICTH BKItOUeHHS MCYVY 1 mpaBUIIbHICTh
niaKItoueHHs kabemto. [Ipu HasBHOCTI TaKUX MOBIJOMIIEHD MTpOrpamMa MpUITHHSIE
oomin 3 MCY.

J{nst BITHOBJICHHST pOOOTH HEOOX1THO MPOBECTU MOBTOPHY AlarHocTUKY MCYVY.
[le moxxHa 3po0OuTH BUOpABIIH MyHKTH MeHIO «3B's130K /IlepeBipkay. Skio
J1arHOCTHKA MPOMIIIA YCHIIITHO, TO CTAI0Th JOCTYITHUMU BC1 ITYHKTH MEHIO.

Pe3ynbraty A1arHOCTUKU MOYXHA MEPETSHYTH B TaOJUII 11aTrHOCTUKH.
[ToBTopHa niarHoctuka MCY npoBoANUTHCS 1 B TOMY BUIAAKY, KOJIU
npunuHseThess 00MiH nanumu 3 MCY.

2. Konghieypayis cucremu nojsirae y BUOOopi yucia i Homepis jJami. Bubip
KOH(DIrypaiiii Moke MpoBOJUTHUCS a00 YCTAaHOBKOIO KOHDIrypailii, abo YUTaHHSIM
KoH(pirypaiii 3 ¢aiiny. [licnsg HanamTyBaHHs KOH(ITYpalli 1 peryiroBaHHs CBITIa
151 KOHQITypartlis Moxe OyTH 3anucana y (aii.

VY naniif nporpami nepeadadeHo 3anam'sstopyBanHs 10 ¢aiiis.

CBiTJIO B CTyIii MOYKHA BKJIFOUMTH TUTHKH IICIIS YCTAaHOBKH KOH(DITyparii.
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3. Pecyntosanns cBITIA JTJaMII B CTYA1T MOXe TTPOBOJAUTHCS TICIIS BKIIOUCHHS
CBITJIA.

Jlns peryroBaHHS CBITJIa HEOOX1THO 3a3/ajeriap» BUOpaTH HOMEp JIaMIIH.

PerymntoBanHs cBiT/Ia 00paHOi JJaMITK TaKOK MOYKE OyTH BUPOOJICHO TBOMA
criocobaMu: 3MIHUTHU MOJIOKEHHs OiryHka PerymroBanHs abo BBEIEHHSIM
noTpiOHOTO 3HaYeHHs B nosie BennuunHa.

Sx11o B porieci perynroBaHHs CBITIa HEOOX1THO T0JaTH a00 BUIATUTH
JIaMITH, 3po0JieHa ycTaHOBKa KOHpirypartii.

J1J1st BUKITIOUEHHS CBITJIa B CTY/11 HE 00XOIMMO KJIAI[HYTH MUIIICI0 Ha KHOTIII
BumknayTH. CBITIIO JaMIl 3MEHITYETHCS 10 HYJIS 1 B PSJIKY CTaHy B1JIOOPaKa€ThCs
noBiomyieHHs Y cTaHOBKA". YV BepXHIN YaCTHHI BIKHA CTY/1i 3JIUIIAETHCS HATTUC
Perynsrop cBiT/ia BKIOYEHUH, 1110 CBITYUTH PO HASBHICTh MOTEHLIATY Ha
MIPOBOJIAX, IO MIABOJAATHCS 110 JIaMIl. [Jisl BUKITIOUEHHS PETryIsiTopa HE0OX1HO
3aBEPIIUTH POOOTY 3 IPOTrPaMoOI0.

4. HanawmyeaHnns CUCTEMH MIPOBOJUTHCS MMICII 3MIHU pO3TalllyBaHHS OJIOKiB
Ta / a60 mamm. Lle 3a1iCHIOEThCS MITITXOM Y3T0JI)KEHHSI HOMEPIB KaHAJIIB 1 JIAMII.

Konmpons cTany cucreMu NpoBOIUTHCS B OyAb-sIKUi MOMEHT Yacy Micis
MPOBEJICHHS MoyaTkoBoi AiarHoctuku MCY.

VY nporeci peMouty MCVY Moke BUHUKHYTH HEOOX1THICTh YCTAaHOBKH
3amacHUX OJIOKIB, TEPECTaHOBKY Ipalie3aTHUX OJIOKIB a00 MiAKIIOUCHHS JIaMII J0
po3'eMiB, HOMEPH SKHX HE 30iraloThcs 3 HoMepamu Jiami. [licis onHiel 3
MEePECTAaHOBOK CJIiJT HAAMITYBATH TAaOJIUIIIO BiMOBIAHOCTEH

JIJ1s1 KOHTPOJTIO CTaHy CHCTEMH BUKOPHUCTOBYIOTHCS ITYHKTH MEHIO «3B'SI30K /
Hiarnoctukay. Ilicns mpoBenenns miarHoctuku MCY 1 BuOopy koHpirypairii
HEecIpaBHa Jammna (KaHai) 300pakyloThCsl Y BIKHI CTY 11 MYHKTUPHOIO JIHIEIO.

[Iporpama Ha MoBi Assembler 51 BUKOPUCTOBYE IPHUHIIUI OMPOCaA Ta
cknagaetbes 3 ABoX yacTuH: 113 MCK Ta I13 MK.

B3aeMois 0710KiB MyJIBTUIIPOIIECOPHOI CUCTEMH CTPOTo 1epapxiuyHa. Moyl

Buioro piBHs iepapxii — [IK1 ta [1K2 38’s3an1 3 MCK no inTepdeiicy RS232.
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JIinii kBiTyBaHHs (3alMTU TOTOBHOCTI NpuiioMa/niepeaayi) intepdericy RS232
TpaloTh poJb 3anuTiB nepepuBanus 111 MCK.

[13 MCK 06po6:sie nepepuBanns Bija [IK1 1/a6o [1K2 Ta npuiitmae Big HUX
KOMaH/I Ha J1arHOCTUKY, KOHTPOJIb CTaHy YU PETyJIOBaHHS PIBHS OCBITJICHHS Ta
Homep nam (IIIIT) ra mepenae nani B [1K un MK. MCK Bupo06sisi€e Takox 3amuTu
nepepuBaHb JJisi MIKPO KOHTPOJIEPIB JIaMIl.

Jlna BuUpiteHHs 3aBAaHHA cnoayuenns IIK i mikpokonmponepa
BUKOpHUCTOBY€eThCs iHTEpdeiic RS-232C T1K 1 yHiBepcaibHU aCHHXPOHHUHN
npuitmMad-nepeaBay 3 (ikCoBaHOO a00 3MIHHOO MIBUAKICTIO MOCTIZIOBHOTO
0OMiHY 1H(OPMAIIEIO 1 MOKIHUBICTIO JYTUIEKCHOTO BKIIOYEHHS.

st peamnizaiiii ooMiny iHGopmartiero mixk [1K 1 mikpokoHTposIepom
HaNOUIBI 3pYYHUM € PEXUM 2, OCKIIBKH JIJIsl pOOOTH B LILOMY PEKUMI HE
noTp1OHMI TaliMep/MYrIIbHUK. L{eil pesKuM MOBHICTIO 33J0BOJIBHSIE MIPE'SIBICHUM
BUMOTaM.

[IBuakicTh puiioMy/niepeaadi, TOOTO YacToTa poOOTH YHIBEPCATbHOTO
ACMHXPOHHOTO MpUiOMOTIEpeiaBada B peKUMi 2 3aJIeKUTh BiJl 3HAUCHHSI 0iTa
SMOD B perictpi crienianbaux ¢ynkiiin PCON.

Yacrora nepenayi BU3HAYAETHCSI BUPA3OM:

f = (2%V°P / 64) f

rae f,, - YacTora KBaplOBOIO reHepaTopa.

pe3

[Hmmmu cioBamu, mpu SMOD=0 gyactoTta nepenaudi pisHa (1/64) fpes, a mpu
SMOD=1 piBna (1/32) fpes.

Bunkicts nmpuitoMmy/nepenaui Mae Oyt kpatsa 115,2 K6og.

Buxosum 3 BUIIEBUKIIAIEHOTO, BHOEPEMO YaCTOTY MPUAOMY JaHUX TIPU
SMOD=1. fxmo fpe3=1,8432 Mri, Toal YacToTa npuitomy ganux Oyne 57,6
Kbon.

dopmMmat gaHux, IO NPUHUMAIOTHCS 1 MepelaBaHuX, CKIagaeTbes 3 11 O1T:

® CTapTOBHII OIT — HYJIb;

® BiCIM OIT JaHUX;
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® JIeB'SITUI OIT — KOHTPOJIb MO MAPUTETY, JJIsI MiABUILCHHS JOCTOBIPHOCTI
1HpopMaIlii, 110 MPUHMAETHCS;
e J1Ba CcTOIIOITA — OMUHUILL.

CxeMa nigkIItoueHHs MIKpOKOHTpoJiepa HaBeieHa Ha puc.1.5.

[Ipu cnonyuenni inTepdeiicy RS-232 TIK 3 Bxogamu nociiJoBHOTO
iHTepdeiicy mikpokorTposuiepa MCS-51, HeoOXiHO 3a0€3MeUNTH Y3TOHKCHHS
piBHIB curHainiB. CtanmapTHuit piBeHb curdaniB RS-232C —+121-12 B.
CranmapTHHI piBEHb CUTHAJIIB ACHHXPOHHOTO 1HTEpdErCcy MIKPOKOHTPOJLIEpa

MCS-51 0—-+5B

a051aH
PiO Pap 2L
2 pip |SMC| pz; |2
2 ) piz ey
2 1 iz paa |2
£ rig FIq |-
£ ) i3 P23 =
- BmiF T | pig o T
LADM202 | L) rir P27 -2
S2E ¥ 5
1 RET FE ==
L& HpF » 3 1 e ALz |2
L B 4 = ] g
J0mtF ———— ClF Ol — ¢ jAmF BT —
wy =3 | .5 = — 3| nghes PO |22
r 3 & * ]
R [T =
B £ [ 12 L T JIEN R
- U | pa; Pag |3
Rl L4 <] L A2 { p3g F R
. . % Pad POG %
FTS [~ 3 EE .1
- 15 1 pags
o Lo 1 T 16 |
TS =% <] LEN
[T Ik
I —a
+IF -—— [

Puc. 1.5. Cxema nigkimoueHHs MikpokoHTposiepa MCS-51 o nepcoHanbHOTO

KOMIT'FOTepa.

Jlst opranizartii crioydeHHs piBHiB mopTiB [1K 1 MikpokoHTpoIIiepa 01iIbHO
ckopucraTtucs mikpocxemoro ADM202 pipmu Analog Devices, puc 1.5. [lana
MiKpOcXeMa JI03BOJISIE TOTOKYBATH PiBHI CUTHAJIIB, HE BUMArarouu JOJaTKOBUX

JKCPCII JKUBJICHHA.
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MikpokoHTpoJIIep NpuiiMae aaHi yepe3 Bxij npuiiMada (BuBig P3.0), a
nepeaac qaHi yepes Buxia nepemaarava (BuBig P3.1). MikpokoHTpomiep MOxe
3aboponuTy nipuiiom ganux 3 [1K 3a momomororo curnaiis Ha BuBoAl P2.6. Lle
HeoOx11Ho 11 curHaiizarii [TK mpo nmpuitoM mMOMHIKOBUX JaHUX. Y CBOIO Uepry
[TK moe 3a00poHUTH TIepenady TaHuX 3 MIKPOKOHTpOJIepa 3a JOMOMOTOIO
CUTHAJIIB Ha BUBOIl P2.7.

3aJIe’)KHO BiJ MICIIST YCTAHOBKH, JPKEPEIIOM KUBJICHHS MOXKE CITY>)KUTH a00 OJI0K
xusneHHs [1K, a0o okpemuii 070K XKUBJICHHS, CHEIIATBHO MTPU3HAYECHUHN IS
naHoi yctaHOBKH.. Hampyra mxepena skuBiaeHHs +5V MoKHA y35TH 13
30BHIIIHBOTO po3'eMy KiaBiaTypu. [TIIKkITIF0U€HHS KOHTAKTIB BOTO PO3'eEMY

npeAcTaBiieHe Ha puc. 1.6.

FHevioard Clack | o | 1
Kevboard Date | o | 2
Feset | o | 3

AND | o | 4

+5F o] 5

Puc. 1.6. Po3'iM ki1aBiaTypu epcOHaILHOTO KOMIT'IOTEpA.

Peaizarist migkiItodeHHS epeadadae BUTOTOBICHHS CIICIIAIbHOTO
NepexiIHOTO KaOesro.

Ha nouatky po0OoTH, mianporpamMa 3ajia€ 3Ha4€HHs J1YHIbHUKA TTOMUIIOK,
JTYMIBHUKA TaKTIiB YeKaHHS 1 po3novynHae nepenaqy indopmarrii 3 [TK B
MikpokoHTpoJuiep. Ilicis poro mianporpama yekae npuiioMmy iHdopmariii,
niepeBipsie 1i 1, IKIIO JTaHi MPUAHSATI BIpHO, 30epirae pe3ynbtat B perictpi RO. B
pa3i BUHUKHEHHS TOMHJIOK, MiKpOKOHTposuiep nepeaae B [1K mosigomieHHs mpo

MOMWIKY 1 POTIOHY€E MOBTOPUTH Mepeaayvy.
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AJITOpUTM TigIporpaMu NpuioMy oJHOro 6aiTa iHdopMallii npeacTaBIeHUN

Ha puc 1.7.
Ilimoporpama npuiony
onHoro bafty
03k —s R4 | JaEmaHHA NMHILHHEY
IOMHTOK
[« -

/ 1h — P26 /___ JO3BOIHTH 3allHC

I 1" fop maii & WK
02h — E& L SAENAHHA Y HIEHHKY

1h —PI OYIKYEAHHA
>
Iligoporpama
SATPHMEH
B Hi El=1b | nepeeipraHa
IpHARATTA 1H Qop Marii
TaE
<Ré>-1—R6 (b D2 6 /| =abopoHHTH zanuc
' 11 hop mami 8 ME
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Puc. 1.7. Anroput™m mianporpamu npuiiomy ogHoro 6aiita inpopmarii.
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B pa3i 6araTokpaTHOro MOBTOPEHHS MOMUJIOK, MIAMpPOrpaMa 3aBeplIirye CBOIO
poOoTy 1 BucTarisie B perictpi R4 xox 00h, cumBomi3yr0unii HOMHIIKOBICTh
NPUINHATUX JAHUX.

Axmo Bix 1K noBruit yac He Oyie nepenana iHdopmallis, manporpaMa Takox
3aBEpUINTH CBOIO POOOTY 1 BUCTaBUTH B perictpi R4 kox 00h, cumBomizyrounit
MOMMWJIKOBICTh IPUIHATUX JTaHUX.

Sk TYMIBHAUK Yacy YeKaHHS BUKOPUCTOBYETHCS pericTp R6.

[Tigmporpama Bugadi ogHoro Oairta iHdopmartii B [1K ananoriyna mianporpami
npuiiomy (puc 1.6.).

[Tigmporpama nepenae AaHi Mo 3HAXOIATHCS B AKyMYJISITOP1 B OCIIJOBHUI
nopt BuBoly. Ha moyaTky po6oTu mnpoiieypa nepeHocuTs 01T mapHocTi B Oydep
MOCJIJOBHOTO MOPTY, 3a/1a€ 3HAYEHHSI JIIUUIIbHUKIB TTIOMUJIOK 1 4acy YeKaHb, 1
yekae, noku 0ydep nopty Oyzae BiIbHUHI. K TUIBKY MOCIIIOBHUMN NOPT Oye
rOTOBUH JI0 MepeCcuiIKU 1H(OopMaIlii, mporpama rnovyHe nepepipsitv roToBHICTh [1K
JI0 IPUMOMY JTaHUX.

Axmo T1K 6yne ve roroBuit 10 npuiiomy iHGopMalii TOBrHil 4yac, To
MpoIIeAypa 3aBEPIIUTH CBOIO pOOOTY 13 3aHECEeHHIM B pericTp R4 xomau 00h,
CHUMBOJII3YIOUOTO TIOMUJIKY TIepeiadl TaHuX.

Ax tineku 1K 6yne rotoBuit 10 mpuitoMy JaHUX MiANporpama nepenactb
BMICT aKyMyJIsiTopa B nmociaiioBHui nopt. [louekae, moku nopt He Oyje roTOBUI
710 Tiepeiadi HACTYMHOro 0aiTa JaHuX 1 3aIyCTUTh MIANPOrpamy 3aTpUMKH, IS
toro, mo6 1K Bctur nepeBipuT nepenany iHbopMaliro i, B pa3i IOMIIKH, BUAAB
Ou 3amuT Ha TIOBTOPHY Mepeaavy JaHuX.

Axmro 1K BUCTaBUTH CUTHA TOMIJIKH TIepeianoi iHdopmariii, miamporpama
HaMaraTUMeEThCA nepenatu 1o iHgopMmaitito me pas. Llev npouec
MOBTOPIOBATUMETHCS, 0 TUX Mip, TOKU HE OOHYIUTHCS JTIYMIBHUK TTOMUIIOK.

K110 MYUIFHUK TOMUJIOK TOPIBHIOBATUME HYJTIO, TIPOTIEyPa 3aBEPIIHUTh

CBOIO POOOTY 3 MOMUIIKOIO.
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Ak curnan rotoBHocTi 1K, 1 curHan momuiku nepeaanoi iHpopmarii
BUKOPHCTOBYETHCS CUTHAI Ha BXoAl P2.7.

[Tpuknag nporpamu oominy no UART nHaBeaeHo Huxye.

;- BUTJIS17] OOMIHY — aCHHXPOHHHH, IIOBHICTIO AYTIJICKCHHUI

;- 0OMIH TOCHIIKaMU 0€3 KOHTPOITIO MapPHOCTI/HEMapHOCTI

;- IBUIKICTH 00MiHY — BR=2,4 x6on

;- 4acToTa podoTH reHeparopa mikporpoiecopa fBQ = 11,059 Mru.

; Onuc KOHCTAHT 1 3MIHHHX

ini_P3 equ 00000011b ; KOHCTaHTa iHimiam3amii mopty P3. 3aganuii pexum
; ampTepHaTUBHUX QyHKLIH 1o niHigx TXD, RXD
ini TMOD equ 00100000b ; KOHCTaHTa iHiIianizamii TaiMepa-TiuuabHuKa. 3a1aHuil 2
; pexuM podotu taiimepa T/C1 3 mepeBaHTaXKECHHSIM.
ini SCON equ 01000000b ; KoHcTaHTa iHimianizamii UART koHTponepa
; 3a1aHo 1 pexum podboTu
ini_ TC1 equ OF4h ; KOHCTAaHTa 3aBaHTa)XCHHs TaliMepa/miuninbpauka T/C1
in PCON equ O ; KOHcTaHTa iHimamizamii pericrpa PCON.
; IIporpama
org OH ; aJpeca BEKTOpa pecTapTy IicJIs IMyCKy Mpoiiecopa
simp INITIAL ; Iepexij Ha OJIoK iHimianizanii Mikponpolecopa
org 10H ; IOYAaTKOBA ajjpeca OJI0Ky iHimiamizamii
INITIAL: ; MITKa, BIJIMIOBIJIHA aJjpeci MovYaTKy OJIOKY 1HIIiami3arii
mov  P3#ini_P3 ; IHiIianmi3amist mopty P3 - 3anmuc 3nauenHs ini_P3
mov TMOD.#ini_TMOD ; inimiamizaris taiimepa nidniabanka T/C1 — 2 pexum
mov  THI1,#ini_TCl1 ;3aBaHTaXXEHHs paxyHKOBoOro perictpa taitmepa T/C1
mov TLI1,#ni TC1 ;3aBaHTAXEHHS pericTpa nepeBaHTaxkeHHs Taiimepa T/C1
mov  SCON,#ini_SCON ; inimianmizamist UART konTponepa. 3agano 1 pexxum
mov  PCON,#ini_PCON ;CKUaHHS 0iTa MMOJBOEHHS IMIBUIKOCTI OOMIHY.

;TIpU cKUJaHHI porecopa 6ir SMOD=0, Tomy nany
; KOMaH/Iy MO’KHA BHUKJIFOUUTH

setb TR1 ; BKIIFOUeHHs Taiimepy/ miumibnuka T/C1

setb REN ; Jlo3Bonena po6ota nmpuiimaua UART xoHTpOsepa.

;T 'onoBHa porpama

MAIN:
MAIN_RXD:
jnb RI, MAIN_RXD ; TIEpeBipKa Tparopa 3aBepIIeHHs PUHoMy
call UART_RXD ; P 3aBEPILIECHH] — BUKJIMK MiANPOrpaMu 00poOKu
MAIN_ TXD:
Jnb  TI, MAIN ; IepeBipKa Mparnopa 3aBepIleHHs nepeaadi
call  UART_TXD ; IPH 3aBEPILECHHI — BUKJIMK ITiAMPOrpaMu 00poOKu
Sjimp MAIN ; 3ALUKJICHHSI T'OJIOBHOI ITPOrpamMu

;JINATTPOI'PAMU
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;Ilinnporpama oOpoOKH 3aBepIIeHHS TPUioMy

UART_RXD: ; TEKCT TiIporpamMu 00poOKH

Clr  RI ; CKUJJaHHS [Ipariopa npuiMada

Ret ;Jlignporpama oOpoOKH 3aBEpIICHHS Mepeaadi
UART_TXD: ; TEKCT MiAIporpaMu o0poOKu

Clr TI ; CKHJIaHHS TIpanopa rnepeaaBava

Ret
end ; TUPEKTUBA aceMOiepa Mpo 3aKiHUCHHS IPOrPaMH

JIEKIIA 3

Hocainosuuii nepudepimnuii intepgeiic SPI (Serial Peripheral Interface)

Xapaxmepucmuxa ma cmpykmypa inmepgetica SPI

[TocninoBuuii nepudepivinuit intepdeiic SPI po3pobdienuit, sk
MOBHOAYIUVIEKCHUW YOTUPUITPOBIAHMM 1HTEp(ENC 3 MMHHOI KOHPITypaLi€eo
BY3J1B (MIPUCTPOIB), 11O MiIKIIOYAIOTHCS, 111 CUCTEM 3 OAHUM FOJIOBHUM BY3JIOM.
[lepBunHa 6a30Ba Bepcis intepdericy SPI qo3Bosisie miaKII049aT 10 OJHOTO
roJioBHOro (a0o Bexydoro - Master) By3ina Jiekiiabka BeqaeHux (Slave) BysiiB uepes
3aranpHy muHy. OKpemuii curaan Budbopy BexeHoro npuctporo NSS (Slave Select
signal) BUKOPHCTOBYETHCS ISl BAOOPY BEIEHOTO MPUCTPOIO MPH 3/IIHCHEHH]I 3 HUM

oominy nanumu. Cxema migkmoueHss A8ox BIC MK no intepdeiicy SPI naBenena

AVYR

AVR

[ I
! | ! I
l | | !
[ I
: Master Mode Bydep | : Bydep Slave Mode |
| npuiivMava : I npuiiMada |
I |
[ I
: < DATABUSI \< | : / \\ DATABUS > |
[ I
: Perictpacysy |1 miso ! PericTp 3cyBy I
: MOSI  MIsO [T . | miso  mosI !
1 N : | ry :
I |
| | _wosi | |
| I I |
I | | |
: eHepaTtop . I scK : I
| yactoTn SPI i : | :
| 58 S|
I
o ________ Jl—l L ______ J
Vee T

Puc. 1.8. Cxema miakmouenns asox BIC MK no intepdeiicy SPI
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InTepdeiic SPI mae yoTHpu curHanbHI JiHII:

o  Jliniz MOSI (Master-Out, Slave-In) - BuxigHa JiHisI JaHUX BEIy4OTO
iHTepdeiicy 1 BXiHA JIiHIA JaHUX BEEHOTO iIHTepdeiicy. 3 Ha3BH BUXOIUTH, 1110
JIHIS MpU3HaYeHa JJIs Tiepeaadi JaHux Bij Beaydoro (Master) iHTepdeiicy (abo
By3J1a Mepexi) 1o BeaeHoro (Slave) inTepdeiicy (abo By3iry Mepexi).

° Jlinist MISO (Master-1n, Slave-Out) - BxigHa JIiHiS JaHUX BEIY4OTr0
iHTepdeicy 1 BUXiiHa JiHIA JaHUX BeAeHoro iHTepdeiicy. JliHis npuHadeHa asis
nepeaayi JaHuX BiJ BeJIeHOTro iHTepdelicy 10 Beaydoro. [laHi nepenaroTbes
OaiiTaMu, 1TOOITHO, TOYUHAIOYH 13 cTapiioro Oita. Ciig mam'aTaTH, 110 BUBIT
MISO Benenoro inTepdeicy 3HaX0UTHCS B CTaHI BUCOKOIMIIEIAHCY, SKIIO
BeJIeHUH 1HTepdelic He BUOpanuii mo jiHii NSS

. Jlinis NSS (Slave Select) — (SS ) ninis BUGipKu BeIEHOTO.

o Jlinia SCK (Serial Clock) - BuxijgHa JiHisi TAKTOBUX IMITYJIbCIB
BEJIy4Oro By3Jia 1 BX1J{HA JIIHIS TAKTOBUX IMIYJbCIB BegeHoro By3ua. JIinig SCK
BUKOPUCTOBYETHCS I CHHXPOHI3AIIll Iepeiaydl JaHUX MK BElyYUM 1 BEACHUM
iHTepdericamu 1o mginisx MOSI 1 MISO.

Hiarpami o6miny no iHTepdericy SPI ( puc 1.8) noscHioroTh BUOip MOJISIPHOCTI

(CPOL) ta ¢a3u (CPHA) TakTOBHX iMITYJIBCIB.

CPHA=1

SCK CYCLE# TT 273142 5161 77 s
(FOR REFERENCE)

SCK (CPOL=0) _f\J NN INL N NN
SCKA(CPOL=1) ™ NN NN N NN
MOSI
(FROM MASTER) MSBX_6 X 5 X 4 X 3 X 2 X 1 XLSB

MISO I MSB X6 X 5 X 4 X 3 X 2 X 1 XLeBX » ) —
(FROM SLAVE) ‘

SS (TO SLAVE) |
| |




Cneyianizogani i npoMUCIO8I MIKPONPOYECOPHI cucmemu 26

CPHA=0

SCK CYCLE# TT 2T 3
FOR REFERENCE)

0 A VA YAV R VYAV VR
sy KA
MOSI | ]|

5 6 7 &

(FROMMASTER) | WSBX 6 X5 X 4 X3 2 X1 x{sBY
MISO  ——=—= |SB}!{|S|><E|.-}|*<¢|1}|‘(3L|E}|{1£<JSB g ——
(FROM SLAVE) — ——-
Srmaen. LTI T

Puc. 1.9. Jliarpami oominy 1o inTepdeiicy SPI
MSB — Most Significan Bit, LSB — Less Significan Bit

JIEKLIIA 4

Pericrpu SPI. bazosuii Ta po3mmpenuii intepgeiic SPI

3a3Buuail mpu anapatHiid peamizauii intepdericy SPI, BiH qoctynHuit
IpOTpaMiCTOBI Uepes YOTUpH crieniaigizoBanux (yHkiii perictpa SFR (Special
function registers). Ha3pu nux pericTpiB MOXKYTbh TPOXHU BIAPIZHATUCS IS
MIKPOKOHTPOJIJIEPIB PI3HUX BUPOOHUKIB, MPOTE iX (PyHKIIIOHATIbHE TPU3HAYCHHS
IpU LbOMY 3aJTUIIAE€THCSA HE3MIHHUM. Haiammi BUKOpucToByBaTUMEMO
HaliMenyBaHHs SFR pericTpiB, BXXMBaHUX B IoKyMeHTauli Gpipmu Silicon
Laboratories Corp., sika B TaHUI Yac € JiepOM B pO3BUTKY iHTepdeiicy SPI.

InTepdeiicy SPI mictuth Bchoro yotupu SFR perictpa:

1. SPIODAT - perictp nanux;

2. SPIOCKR - pericTp ymnpaBiiHHS MIBUIKICTIO;

3. SPIOCFG - perictp koHbirypariii;

4. SPIOCN - perictp ynpaninus mmnHoro SPIL.

[Tepuri aBa pericTpu, NpU3HAYEHHS SIKUX BOYEBUIb 3 Ha3BU, HE IIPEJICTABISIOTh

0COOJIMBOIO 1HTEPECY MPHU POl apXITEKTYPHUX 0COOIMBOCTEN 1HTEpPEiiCy.
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3a3zHauumo, o ko, 3anucyBanuii B perictp SPIOCKR, - ynpaBiaiHHS HIBUIKICTIO,
JI03BOJIsI€ BUBHAYUTH MIBUAKICTH poboTH iHTepdeticy SPI (vacToTy TakTOBUX
immynibeiB F SCLK) no nactynHiit ¢popmyoti:

FSCLK =0.5*SYSCLK/ (SPIOCKR +1)

3 npuBeaeHoi (OpMyJIM BUXOIUTh, 1[0 MaKCUMallbHA TakTOBa yactoTa SPI
iHTEepdeiicy Moxe OyTH piBHA MOJIOBUHI cUCcTeMHOI TakToBOi1 yacTotu SYSCLK B
peXHUMi Beydoro (MaiicTepa). Y pekruMi BeICHOTO MIBUAKICTH Iepeaadi
iHTepdeiicy SPI BU3HauaeThCsl TAKTOBOIO YaCTOTOIO BeAy4doro iHtepdericy SPI.

Tperiit perictp - perictp koHbirypaiii inTepdeiicy — SPIOCFG, mictuts 6iTH
CKPHA (SPI Clock Phase) - ynpasninas ¢a3zoro TaktyBanss, i CKPOL (SPI
Clock Polarity) - ynpapitiHHS HOJSIPHICTIO TAKTYFOUUX iMITYJIbCIB. Li 6iTH
JO3BOJISIIOTH BUOpaTH (ha3y 1 MOJIAPHICTh IMITYJbCIB TakTyBaHH ([uB. puc. 1.9).

VY 6a3oBiii Bepcii Mepexi Ha 0a3i SPI inTepdeiiciB numie oguH iHTEpdeiic
Moske OyTH BeayuuM. [HTepdelic BCTaHOBIIIOETHCS B PEKUM BEyUOT0 YCTAHOBKOIO
npanopa MSTEN (Master Enable Flag) - 6ita SPIOCN.1. SIkmio inTepdetic
BCTAHOBJICHUH B PEXXHUM BEAYUYOT0, TO 3aMUC 0aiTa JaHUX B PETICTP JaHUX
SPIODAT mpuBoauth 10 moyaTKy nepenayi. Beayuuii intepderic HeraitHo
noOITHO 3cyBae AaHi 1 Buaae ix Ha JiHito MOSI y cynpoBoji TAKTOBUX IMITYJIbCIB
Ha minii SCK. ITicns 3aBepiieHHs nepenadi BCTaHOBIIOEThCs mparnop SPIF
(SPIOCN.7). Skmio 103BOJICH] IEpepUBAHHS, BUIAETHCS BIAMOBIIHE TIEPEPUBAHHS.
Kpim Toro, inTepdeiic Mmoxke OyTH 3anmporpaMOBaHHil Ha BUIa4Yy Bij OJJHOTO J10
BOCHbMHU O1TiB Jy1s 3A1CHEeHHs 3B's13Ky 1o SPI 3 mpuiiagamu, o MaroTh pizHy
JTOBXHUHY cjoBa. JloxkuHa nepenayl (KUIbKICTh epe/laBaHuX O1TiB) MOXke OyTH
3anana 6itamu SPIFRS B perictpi kondiryparii SPIOCFG.[2:0] (SPI
Configuration Register).

Peoicumu pobomu

[aTepdeiic Moxke mpaltoBaTi B MOBHOAYIUIEKCHOMY PEXKHUMI, TOOTO MOXKITUBA
OJIHOYACHA Mepenaya ganux 1o JgiHisx MOSI Big Begydoro 10 BeaeHoro, i MISO

BiJl BEJICHOTO 70 Bemydoro. JlaHi, oTpuMaHi BiJl BeIEHOTO 1HTEPQEICy, 3aMIHIOIOTh
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JlaHl B PETicTpl JaHUX Beaydoro intepdeiicy. Lleit perictp npiui 6ydepuzoBan Ha
BBEJICHHS, aJie He Ha BuBeeHHs. To0To skiio B perictp nanux SPIODAT
B110yBa€ThCs CIipoda 3amucy JaHUX 1] 9ac nepeaadl momnepeIHporo oaiira,
BcranoBmoeThes npanop WCOL (SPIOCN.6) 1 cripo0a 3anucy irHOpyeThes.
TakuMm unHOM, MOTOYHA MEepeaayda JAaHUX MPOJOBKYETHCS Oe3nepepBHO. YnTaHHS
3 perictpa qanux SPIODAT npuBoauTh 10 YWTaHHS pUHMaIbHOTO Oydepa.
SAxio mpuiioM He 3aKiHYeHHH, BCTaHOBIOEThCS mparmop RXOVRN (SPIOCN.4).
Hogi naHi He nepenaloThCs B pETICTp YATAHHS, TOKU MONEPEIHIN MPUHHATUN OaliT
He Oyne npounTanuii. BoueBuab, 110 npu 3aTpuMIll YUTAHHS TPUUHATHX OalTIB
MO3Ke cTatucs BTparta gaHux. SAxkuio SPI inTepdeiic He HamaroKeHU, sK
BEJly4Uii, BIH MPaIIOBATUME B PEKHUMI BEJCHOTO.

He nunsiunck Ha Te, 10 6a3oBa Bepcis iHTepdericy SPI po3pobiiena as
MIKpPOKOHTPOJIJIEPHUX CHUCTEM 3 OJHUM BEAYYUM, MOKIIUBHIA BCE K PEKHM MEPEKi
3 6aratbma Beayunmu. [Ipanop MODF (SPIOCN.S5 - Mode Fault flag)
BCTAHOBJIIOETHCA B JIOT1UHY OJIMHULIIO, SKIIO 1HTEep(delic BU3HAYEHUH K BETy4Hil
(MSTEN=1) 1 BuBig NSS nepeBenenuii B HU3bKUi JOTTYHUHN piBeHB, TOOTO SPI
1HTepdeic HaMaraloThCs BUKOPUCTOBYBATH SIK BeACHUH. SKI0 mpu nboMy
BcranoBneHui npanop MODF, 6itu MSTEN i1 SPIEN B perictpi ynpasminas SPI
CKUJIAI0ThCS anapaTHo, MePeBOIsTYH iHTEpPeiic B aBTOHOMHHMM cTaH. Takum
YMHOM, B CHCTEMI 3 6araTbMa BEIyYHMH, SIPO MOYKE BU3HAYUTH UM BIJIbHA IITMHA
nusixom oruty nipanopa SLVSEL (SPIOCN.2) nepen TuMm, ik BCTAaHOBUTH
MSTEN mpanop (To0TO BU3HaYUTH 1HTEPEHCY PEKUM BEIYyUOTr0) 1
1HIL1aJT113yBaTH OOMiH.

Oxpim nepBUHHOTO 0a30BOro iHTEp(delicy B 0araTbox Cy4acHUX
MIKPOKOHTpPOJIEpax BUKOPUCTOBYETHCS TaKOXK 1 po3mupenuit inrepdeiic SPI.

VY 6azo6omy BapianTi inTepdeiicy SPI perictp kondirypaiii SPIOCFG
MICTUTH TaKOXK OITH:

BC2- BCO (SPI Bit Count) — 1110 BioOpakar0Th HOMEp IOTOYHOTO

nepenaBaHoro 0ita;
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SPIFRS2- SPIFRSO (SPI Frame Size), uio Bu3HayaoTh po3Mip ¢peitma
(IOBXXMHU €pelaBaHOro CJIOBA).

VY poswupenomy inTepdeiici i O1TH BIACYTHI, OCKIJIBKU MIPH CyYacHUX
BHCOKHUX IBUIKOCTSX Nepeavi BU3HAYCHHS TOTOYHOTO TIepeaBaHoro OiTa i
3MmiHa popMary dpeiima BTpadae BCIKUN CEHC. 3aMiCTh IIUX OITIB PO3IMIMPEHUN
inTepdeiic SPI mae HacTymHI KOHPITypyroUi O1TH, IO JO3BOJISIIOTH ONTUMI3YBaTH
poboTy cucteM 3 6ararbMa BeIy4yuMU iHTEepGencamu:

MSTEN (Master Mode Enable) — 6iT n03Bos1y pexumy BeIydoro;

NSSIN (NSS Instantaneous Pin Input) — 6it, 110 BizoOpakae cran Bxoay NSS
Yy MOMEHT YHTaHHS;

RXBMT (Receive Buffer Empty) — 0ir, 1o BigoOpaae, 1110 pericTp YuTaHHs
MOPOXKHIN;

SLVSEL (Slave Selected Flag) — 0it cTany BeaeHorO;

SPIBSY (SPI Busy) — 6it 3aiiusitocti iHTepdeiicy SPI, o B aesikiit mipi
3amintoe 61t SPI Bit Count 6a3oBoro iHTepdeicy;

SRMT (Shift Register Empty) - 6it, 1110 BioOpaskae 3BiIIBHEHHS pericTpa
3CYBY JIaHUX.

[TpuBeneHi 61TH 103BOJISAIOTH 1IATHOCTYBATH 1HTEp(dEic Mpu MUHHIN
oprasizarii cicTemMu 3 6ararbMa BEy4YHMHU.

Yersepruii perictp SPIOCN - perictp ynpasiinus intepdeiicy SPI. Bin mae
psia OITIB yIpaBIiHHSA, 3arajJbHUX SIK U1 0a30BOi, TaK 1 ISl PO3MIUPEHOT BEPCIif:

e MODF (Mode Fault Flag) - mpamop noMuiku pexxumy, 1o BigoOpakae
HEBIJINOBIJIHICTh MTPU3HaYeHOTo pexxumMy (0ita Benyuoro MSTEN=1) i crany
Bxoy NSS=0;

¢ RXOVRN (Receive Overrun Flag) — 6iT, 110 BizoOpaxae BUIaI0K, SIKIIO
pO3MoYaToO MPHUITOM HACTYITHOTO OaiiTa MpH HEMPOUYUTAHOMY MOTIEPETHBOMY OaTi,

TOOTO OIT BijoOpakae PO3CHHXPOHI3AIII0 YNTAHHSI;
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e WCOL (Write Collision Flag) - mpamnop po3cuuxpoHi3aliii 3amucy, 1o
BCTAHOBIIIOETHCS B pasi, SIKIIO 371HCHEHa cripola 3amucy 0aiiTa B pericTp mija yac
HE3aBEPIICHOT Nepeiadi MomepeaAHbOro 0aiTa;

e SPIF (SPI Interrupt Flag) - npanop nepepuBanns intepdeticy SPI, mo
BCTaHOBITIOETHCS allapaTHO MicCIIsl 3aBEPIICHHS TIepe/iadi;

e SPIEN (SPI Enable) - 6it no3Boxy pobotu intepdeticy SPI.

e OxkpiMm 1bOrO, 6a3zoeutl iIHTEp(dEc Mae psij OITIB, sIKI B POUTUPEHOMY
iHTepdeiici Oynu nepeseaeHi B perictp koHbirypariii SPIOCFG:

o TXBSY (Transmit Busy Flag) - 6it 3aifHITOCTI, - €KBiBAJICHTHUI HOBOMY
oity SPIBSY (SPI Busy); a Takox 01t SLVSEL 1 MSTEN.

Pozwupenuii tntepdetic SP1 Mae nacTynHi KoHGITYpyrOYi O1TH:

NSSMD1- NSSMD 0 (Slave Mode Select) —6iTu BUOOpY peKuMy BEJICHOTO
1HTepdeiicy: 3-XIpOBOIHUIN PEXKUM BEAYUOro a00 BeAEHOTr0; 4-X MPOBOAHUM
peXHUM BeZieHOTo a00 pekuM 3 OaratbMma BeayduMu (NSS — 3aBxau B peKuMi
BX0Jy); 4-X MPOBOAHMI PEXUM OJIHOTO BEyUYOTO.

TakuM YMHOM, OYEBHHA OCHOBHA BIIMIHHICTh po3mupeHoro iHTepdericy SPI
BiJ1 0a30BOT0. Y PO3MIMPEHOMY BapiaHTI nepeadadeHa podora muuu SPI B
0araTOKOHTPOJEPHOMY PEKUMI, 1110 BUPA3UIIOCS B PO3IIUPEHHI 3aC001B
J1arHOCTUKYU TIOMHJIOK 1 MOMJIMBOCTI1 YIIpaBIiHHS CUTHAJTIOM NSS.

Iumepgpeiic SPI mikpokonmponepa ST7Lite

MK ST7Lite BUKOPUCTOBYE HACTYIIHI PETICTPU:

1. SPIDR - perictp nanux;

2. SPICR - perictp kepyBaHHS;

3. SPICSR- kepyBanHs/cTaTycy

[ToyaTkOB1 3HaUEHHS PETICTPIB Ta MOXKJIMBI omepallii HaBejeHo B Tabmwuin 1.3.
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Tabnuusg 1.3 — perictpu SPI

SPIDR SPI Data I/0 Register | xxh R/W

SPICR SPI Control Register | Oxh R/W

SPICSR SPI Control Status 00h R/W
Register

Perictp xepyBanns SPICR (puc. 1.9) 3agae pexum Master /Slave, uactoty

MOCIIIOBHOTO OOMiHY, (ha3y Ta MOJSPHICTH IMITYJIBCIB, JO3B1I IEPEPHUBAHHS.

S) 4

3 2

1 0

SPIE | SPE

SPR2 MSTR

CPOL

CPHA

SPR[1] [ SPR[0]

Puc. 1.10. ®opmar perictpa kepyBanns SPI SPICR

Ha puc. 1.10. no3HaueHo:

e bit SPIE (Serial Peripheral Interrupt Enable)- no3Bin nepepuBanns SPI;

e bit SPE (Serial Peripheral Output Enable) - no3Bin Buxony SPI;

e bit SPR2 (Divider Enable) — no3Bin ninenus yactoru (tabdi. 1.2);

e bitr MSTR (Master Mode)- pexxum Master;

e bit CPOL (Clock Polarity) - nossipHicTh IMITyJIbCIiB;

e bit CPHA (Clock Phase)- ¢a3a immynbcis;

e bitu SPR[1:0] (Serial Clock Frequency)- 3aBnanHst 4aCTOTH.

YactoTta podoTu iHTep(eiicy BU3HAYAEThCS 3riAHO 3 Tab. 1.4.

Ta6nuns 1.4 — 3aBnanns yactotu poootu SPI

Serial Clock

SPR2

SPR1

PRO

fCPU/4

1

0

fCPU/8

fCPU/16

fCPU/32

fCPU/64

fCPU/128

(ellel] Jle]lle

==

PO O IOoOOoW

Perictp kepyBanns/crarycy SPICSR micTuth HacTynHi OiTu:
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7 6 3) 4 3 2 1 0

SPIF | WCOL | OVR MODF |- SOD SSM SSI

Puc.1.11 ®opmart perictpa kepyBauus SPI SPICSR

Ha puc. 1.11 no3Hayeno:

o bit SPIF (Serial Peripheral Data Transfer Flag) - mpanopeus 3aBepuieHHs
nepenayi;

e bir WCOL (Write Collision status) - moMuiika 3anucy - 3aBaHTaKCHHS
perictpy nanux SPI mij yac nepenaBaHHs;

e bit OVR (SPI Overrun error) — moMusika nepenoBHEHHS;

¢ bit MODF (Mode Fault flag) - mpamopers aBapiiitHOTO pexumy;

e bit SOD (SPI Output Disable) — Buxin SPI 3a6oponennii;

e bir SSM (SS Management) - npu 0 kepyBaHHS BiJl 30BHIIIIHHOTO
IPUCTPOIO;

e bit (SS Internal Mode) — ipu 0 BubG1p npuctporo Slave.

B sxocTi mpukiiaga po3risiHeMo nporpamy iHimianizarii intepdeiic SPI B
pexumi Master 13 3ananoro mBuakictio fCPU/8.

[Tigmporpama inimamnizamii inTepdeiicy SP1  mae HacTynHMii BUTTIS;

Init_SPI:
Ld A #3$03 ; 3aBaHTaxeHHs koHctanTu $03 1o perictpy “A”
; bitn 0 Ta 1 perictpy SPISR o6pani Takumu SSM=1 ta SSI = 1
; (BuO1p pexxumy Master)

Ld SPISR,A | ; 3aBaHTa)KeHHs BMicTy perictpy “A” y perictp SPISR

; SPI SW 3renepye curnan SS'

Ld A#$5C ; iminiamizanisg mopty SPI $5C = %01011100 (6iT 0; 1 12 5)

; obupaemo mBuaKIcTh = 000

; SPRO=SPR1=SPR5=0 Frq = fcpu/8 (perictp SPICR)

; Ta OiT 2 y perictpi SPICR = 1

; IO IpyroMy (POHTY IMITYJIBCiB TAKTOBOTO TeHEepaTopa

; Ta 0iT 3 = 1 perictpy SPICR pexum pull up

; SCK Ta bit4 =1 perictpy SPICR

; (pexxuM Master) Ta 6it 6 =1 o3navae SPI mix’egHano 1o

;30BHILITHHOT'O IIPUCTPOIO

Ld SPICR,A | ; 3aBanTaskeHHs BMicTy perictpy “A” y perictp SPICR
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| ret \ |

OxpiM 1IOTO HEOOXITHO BiAMOBIAHINM YMHOM HajamTyBaTtu oopaHi st SPI
noptu. A came, s curHany SPI SCK noBuHeH OyTu oOpaHuil peskuM BUBOY
Push Pull.

Knacuuna apximexmypa SPI wiunu nis 6a30Boro BapianTy iHTEpdency
npuBeneHa Ha puc.l.12. Ile Tak 3BaHa ki1acuuHa 4X — ApOTsAHA cTpyKTypa. OnuH
Bey4yui B Hiil ynpasiisie nekiapkoma (N) BegeHumu. Bel BeeH1 miakIoueH1
napanensHo Ha JiHisax SCLK, MISO 1 MOSI munu SPI. BuGipka onHoro 3
BEJICHUX B1J0YBAETHCSA 3a JOIMIOMOTOI0 OJHIET 3 JIIHIM MOPTIB BBEACHHS /BUBEICHHS,
AKa 3'€IHY€eThCs 3 BX0A0M NSS BIMOBIIHOTO BEACHOTO. 3a3BUYail Taka
apXITEKTypa BUKOPUCTOBYETHCA ISl TOOYA0BH MUKPOKOHTPOJIIEPHBIX CUCTEM 3
OJTHUM MIKPOKOHTPOJIJIEPOM, IO BUKOHYE POJIb BEYUOrO 1 PsiAOM nepudepiiHux
MIKPOCXEM, 1110 BUKOHYIOTh POJIb BeJIEHUX. Sk nepudepiiiHi MiKpoCXeMU MOXKe
OyTH BUKOPUCTAHUM Psiji CydaCHUX MIKpOCXeM, ocHalIeHux inrepdericom SPI:
TaiimepiB peanbHoTo Yacy RTC, ananoro-mudposux nepersoproBauis ADC,

udpo-ananoroBux neperpoproBadiB DAC, pi3HHX MIKPOCXEM MaM'sITi 1 TOMY

1moJ1ioHe
SCLKE. MISO  MOCSI SCLE MISO  MOSI SCLE  MISO MOSI
B emynarmi Benem Benemi
/0N I;00 MES MES

Puc.1.12. Apxitektypa 4x—npoBoaHoi SPI muHM 3 0O4HUM BEIy4YUM 1 JIeKiIbKOMa

BECHUMH
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YacTHUM BUIAIKOM MONEPETHBOT apXITEKTYPH € TaK 3BaHa 3X-MPOBOAHAS

CTPYKTYpa, npuBezeHa Ha puc.1.13. [i BiTMiHHICTh MOJSTae B TOMY, 110 BeJleHa

MIKpOcXeMa MOCTIHHO BUOpaHa, 1 0T)Ke, HEOOX1THICTh B YETBEPTIN J1HIT

iHTepdeiicy SPI BiaCyTHS.

B et i MOS]

LSO

SCLK

MOST Benexmm

MISG

Puc.1.13. Apxitektypa 3x-nipoBoHoii muHu SPI 3 Beny4nm 1 BeeHUM.

Pozmmpenuii inTepdeiic 103BoJIsi€ OpraHizyBaT JBOMPOLIECOPHY 4X-

MIPOBOJIHYIO apXITEKTYpy, IpuBeaeHy Ha puc.l.14. B ipomy BUMaaKy KOKeH 3

JIBOX BY3JIIB MOK€ BUKOHYBATH poJib Beaydoro. Ha nmpakruiii Taka apxiTekrypa

BUKOPUCTOBYETHCS IOCUTD PIAKO, 3BAXKAIOUW HA AITOPUTMIYHY CKIIAHICTh

JIarHOCTUKU CTaHIB KOMi31i (KOH(IIKTIB, BUKIIMKAHUX OJHOYACHOIO TIepeIaucto

Ha MIMHY ABOX MPOBiAHUX By3:iB). [llupiiie BUKOprUCTOBY€ETHCS MpOCTilIa B

pPO3yMiHHI 1 AIarHOCTHUII KOH(DIIIKTIB, TaK 3BaHa apXITEKTypa 3 4X-MPOBITHOIO

«IEepeXpecHO0» BUOIPKOIO, MpuBeacHa Ha puc.1.15. B uboMmy BUnaaxky as

BUOIPKH KOKHOTO 3 BY3JIIB BUKOPUCTOBYETHCS JIiHIsI BBEICHHS /BUBEJICHHS 1HILIOTO

BYy3Jia, IO IMpalro€ JIUIIC Ha BI/IBiI[, da HC Ha BBCJICHHA /BI/IBGI[GHHH, SJK B

nonepeaHii CTPyKTypi.




Cneyianizogani i npoMUCIO8I MIKPONPOYECOPHI cucmemu 35

MOST
Beayunii 1 MIESD

MES

MACST

MEED) Beayuuit 2

Puc.1.14. Apxitektypa 4x—npoBojHoi SPI mmHM 3 1BOMa BEIyUYUMHU

S_K

MACIST

Beayunit 1

I;01

M55 1

SCLE

MCST

MISO

Beoyuwit 2

M55 2

oz

Puc.1.15. Apxitektypa 4x—npoBoaHoi SPI mmHM" 3 1BOMa BEAyUHUMH 1

«TEePEXPECHOI0Y» BUOIPKOIO

BiamiTiMO, 110 TBONPOLIECOPHA APXITEKTYpa BUKOPUCTOBYETHCS JOCUTD

PiIKO, HAMPUKIIAJ, B pa3l, SKIIO OJUH 3 MIKPOKOHTPOJIIEPIB TPU3HAYCHUH /IS

BBEJICHHSI 1 0OpOOKM CUTHAIIB, a IPYTUi — IJIs OpraHizarlii inTepdeicy 3

NEPCOHAILHUM KOMI'IOTEPOM a00 JIOKAJIBbHOIO Mepexero. B ibomy BUNIAAKY 1

OJIVH, 1 THIITNI MIKPOKOHTPOJIEPU TOBUHHI MaTH MO>KJIUBICTh 1HIIIIOBATH

nporeaypy oOMiHYy JaHUMHU, a OTKE, TOBUHHI MaTH MO>KJIUBICTh (DYHKI[IOHYBaHHS

B PEXKHMMI BEy4OTo. biIbll NOMMpPEeHni BUTIaJ0OK BUKOPUCTAHHS JBOIPOLECOPHOT

CTPYKTYPH 3 PECYPCOM, 110 PO3AUIAETHCS, HAPUKIIAA MaM'ITTIO, HABEJICHUN Ha

puc.1.16.
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SCLE SCLE
MCST == “==d MOSI
Bemyemi | MISO = —=| MISO Bemyuam 2
10 1 M55 2
MNSS 1 1,02
1/03 /03

SCLKE
MOST
MISO
MNES

EBenemii

Puc.1.16. [IBomporiecopHa apXiTeKTypa 3 PeCypcoM, IO PO3ALISIETHCS

VY npuBezneHiit Ha puc.1.16. apxiTeKTypi € 1Ba BEAy4YHX 1 OJUH BEACHHIA.
3B'S3KM MK Bely4YMMH MiHIMI30BaHI1 1 BIAMOBIIAIOTH apXITEKTYpi 4X—TPOBOHOM
SPI mmHM 3 1BOMa BEAYYHMHU 1 «IIEPEXPECHOI0» BUOIpKOI0. JIiHIT OCHOBHUX
curHaiiB SPI mmHM miakiIr04YeH1 TaKoXK 0 3arajlbHOTO BEICHOTO, a JIJIsi BUOIPKHU
3araJlbHOTO BEJCHOT0 BUKOPUCTOBYETHCS MO OHIN JOIaTKOBIM JiHi1
BBEJICHHS/BUBEICHHS B1J] KOKHOTO 3 BEAY4HX, 00'€THaHUX 32 «MOHTAKHUM ABO».
ApXITeKTypa B IPUHITUIII TTpalie3aaTHa, IpoTe aHami3 3aiHATocTi SPI mmHM 1
JIarHOCTHKM KOJIi31# B Hiif e O1bIn yTpyaHeHui. Lle nosicHioeThest
HEOOX1THICTIO MOCIIOBHOTO OMUTY K MIHIMYyM ABOX JIiHIN BUOIpKU
(1HUB1IyaIbHOIO KOHTPOJIIEPA, 110 1HIIII0E€ 0OMIH, 1 3aTaJIbHOTO PeCypCy) nepen

3aHATTSAM IIMHHU, a OTKE 1 30UIBIIIEHHSM BIPOT1THOCTI BUHUKHEHHS Komi3ii. s
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CIIPOIIICHHS TIpoIieayp 0OMiHY peKOMEHYEThCSl BBECTH I11e ABI JIiHIT Mparopis

sanuty mwuHK ID1 1 1D2, gk nokazano Ha puc.1.17.

SCLE SCLE
MOST z MOST
. MISD MISO .
Bemymi 1 101 NS 2 Bemymi 2
NG5 L /o2
/03 I/0 3
I/04 2
I 1 I/05
/
2 8
2% 29
Benemn

Puc.1.17. JIBonporiecopHa apXiTeKTypa 3 pO3/IJIECHUM PECYPCOM 1 JTIHIAMHU
3aMUTy MTUHU

B npoMy Bumagky npu HEOOX1THOCTI 3aHSTTS IIMHA KOHTPOJIJIEP BUCTABJISIE
CBI MTpamnop 3amnuTy MIMHY, 1 Y€KA€ Y BIANOBIAL Mpanopa Bij APyroro
KOHTpoJuiepa. Jlpyruii KOHTpoJUIep, OTPUMABIITHN MPAIop 3amuTy, abo Biapaszy
BHCTABJISIE CBIM Mparop, MiaATBEPKYI0UH, 10 IITMHA BIJIbHA, 00 3aKiHYY€E TOTOYH]
orepaltlii 0OMiHY 1 TUIbKH TOJIl BUCTAaBIIA€ CBii mpamnop. Takuil MexaHi3M 3HaYHO
CIPOITY€E TIarHOCTUKY 3aHSATOCTI IIWHHU.

Tako’ BiA3HAUYMMO SK MIHIMYM JIBa BapiaHTH BKOPUCTAHHS OCTaHHIX JBOX

apXITEKTYP.
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Bapiant nepumii - 7BOIpoIiecopHa apXiTeKTypa, 10 MICTUTD MEPIIHi
mBUAKOAIt0uni MikpokoHTposuiep C8051F121 1 apyruit MikpoKOHTpoJUIep
C8051F320 3 intepdericom USB miis 3B'13Ky 3 IEpCOHATBLHUM KOMITHOTEPOM. Sk
3arajbHUM pecypc, o pO3ISEThCS, BUKOpUCTOBY€eThes DataFlash mam'sathb
BEJIMKOTO 00'eMy /Jisl HAKOTIMYEHHS JaHuX, Harpukiaa AT45DB642. Tlepmmii
MIKPOKOHTPOJIEpP BUMIPIOE 32 JOTIOMOT'0I0 BOYJJOBAaHUX aHAJIOTO-IU(PPOBUX
neperBoproBadiB ADC gani 3 1aT4nkiB 00'€KTY criOCTEpe)eHHs a00 yIpaBIiHHA,
o0poOisie ix 1 3anucye B DataFlash mam'sate, a npyruii KOHTpoOILIEP 32 IEBHUX
YMOB TIepe/ia€ HaKOMMMYEH1 JaH1 B IEpCOHATLHUM KOMIT'IOTep 1o iHTepdericy USB.
Jpyruii BapiaHT - aHaJOTYHUI NIEPIIOMY, ajie 3aMICTh IIBHJIKOIFOYOI0O MEPIIOrO
MIKPOKOHTpOJIepa BUKOPUCTOBYEThCA MikpokoHTposuiep C8051F350 31
BOYZOBaHUMHU 24-pO3PSAHUM aHAJIOTO-IIM(POBUM MEPETBOPIOBAYEM.

[IpuBeneHa apxiTekTypa HeoOXiHa JIUIIE TOJI1, TOKU MEPIIHii
MIKpOKOHTpoOJIep (HaamBuakoAitounii abo 3 BucokorounuM ADC) He Oynie

OCHallleHu BacHuM 1HTepdericom USB.

JIEKIIA 5

luna 12C
3acanvni gidomocmi

VY noOyToBI# TEXHII, TEIEKOMYHIKAI[IHHOMY YCTaTKyBaHHI 1 POMUCIIOBIH
SJICKTPOHIIIl YaCTO 3yCTPIYAIOThCS CXOKI pilieHHs, Hanmpukiaza, mpakTHYHO KOKHA
CHCTEMa BKIIIOYAE:

Jeskuii “po3yMHUI” By301 YIIpaBiIiHHS, 3a3BUYall OJTHOKpUCTAIbHA
MIKPOEOM.

Bysnu 3aransHoro npusHadeHHs, Taki sk 0ydepu PKI, moptu

BBenenns/BuBeneHns, O3], EEPROM a6o nepeTrBoproBadi 1aHUX.
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Crneundivni By3/H, Taki K cXeMHU U(POBOro HANAIITYBaHHS 1 00pOOKHU
CUTHAITY JIJISl PaJno- 1 BiZIe0- cUCTeM, a00 TeHEPATOPH TOHATLHOTO HA0OPY s
tenedoHii.

Jnst Toro, 11100 BUKOPUCTOBYBATH 111 3arajibH1 PIIIICHHS, a TAKOX JIJIs
301bIIeHHS €()EKTUBHOCTI armapaTypH 1 CIIPOIIEHHS pillleHb cxeMoTexHiK. Dipma
Philips po3po6uia mpocTy JBOHANPABICHY JIBOMPOBIIHY MIUHY 1)1 €eKTUBHOTO
“mixmikpocxemuoro” (inter-IC) ynpasninaa.. B ganuii yac acopTUMEHT MPOIYKIii
Philips Bxitouae Oinpine 150 KMOII 1 6inonsapuux npuctpoiB [2C-cymicHUX,
(GyHKI10HATBHO MPU3HAYECHUX JJI pOOOTH Y BCIX TPHOX BUIIEMIEPEITUCHUX
KaTeTopisiX eJCKTPOHHOTO YCTAaTKyBaHHS.

[lepeBaru mmnu 12C nacTymHi:

[ToTpi6HO nuIlie ABi JiHIT - MiHisA gaHuX (SDA) 1 miHis cuaxponizaiii (SCL)
Kosxen npuctpiid, maKI0UYEHUN 10 IIMHU, MOKe OyTH MPOTPaMHO aJIpECOBAHMI 3a
YHIKQJIHOIO aJIpecor0. Y KOKEH MOMEHT 4acy ICHY€E MPOCTE BIHOIICHHS BBEAYU1N
/BeIeHMIA: BeAyUl MOKYTh IPALIOBATH K BEAy4YUH-TIepeaaBay 1 Be1y4Hii-
npurimMay.

[[Iuna m103BOJIsIE MATH IEK1IbKA BEyUnUX, HAIAI0UH 3aCO0U ISl BA3BHAUEHHS
KOJI131H 1 apOiTpaXk J1J1s 3an001raHHs MOIIKOKEHHIO JTAaHUX 3a CUTYallli, KOJIU JIBa
a00 1110 ORI BEAYYHX OJHOYACHO MOYMHAIOTH Nepeaady AaHux B cranmaptHOMy
pexuMi 3a0e3nedyeThbes nepeaada mociIoBHUX 8-01TOBUX JAHUX 3 MIBUAKICTIO J0
100 x6iT/c, 1 mo 400 x6IT/C B “MIBUIKOMY’’ PEIKUMI.

BOynoBanwuii B Mikpocxemu (GUIHTP MPUTHIUYE CTUICCKH, 3a0€3MeUyI0UH
[UTICHICTH JaHUX.

MakcumanbHa TOMyCTUMA KUTBKICTh MIKPOCXEM, IPUETHAHUX /10 OJTHIET ITUHH,
00OMEXY€ThCSI MAaKCUMaJIbHOO eMKicTiO muHU 400 nd.

Jlo HeoJiKa MOKHA BITHECTH HEAOCTATHIO MIBUJIKICTD Mepeiadl JaHUX.
Hiticno, muHa [2C € mOCHiI0BHOIO TIMHOO 1 TOBUHHA 3aCTOCOBYBATHCS TO/II,
KOJIM CHCTEMa, 1110 31MCHIOE (PYHKIIIT yIIpaBIIiHHS, HE BUMAra€ BUCOKOIIBUIKICHOT

nepenavl JaHuX.
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Xo4a MociioBHI IIMHA HE MAIOTh MPOITYCKHOT CIPOMOYKHOCTI MapaieIbHIX
IITMH, BOHW BUMAararTh MEHIIE 3'€JTHAHb 1 MCHIIIE KOHTAKTIB MIKPOCXEM.

[ToHSATTS IMHYU CKIAA€THCS HE JUIIE 13 TPU3HAYEHHS CIIOJyYarouuX JPOTIB,
BOHA TaKO BKJIFOYAE BC1 (hOpMATH 1 MPOLEAYPH JIs 3B'I3KY YCEPEAUHI CUCTEMH.

[Tpuctpoi, 1o 3B'sI3yI0THCS MO MIMHI, TOBUHHI MAaTH ACSIKUN MPOTOKOJ, KU
MonepeHKy€e BCl MOKJIIMBOCTI 31TKHEHb, BTPaTH JaHUX 1 0JIOKyBaHHS 1HGOpMAIIii.
[IBuaKI MPUCTPOI MAIOTH OYyTH B 3MO31 3B'SA3aTUCSA 3 TOBUIBHUMH MIPUCTPOSIMH.
Cucrema He Mae OyTH 3aJIe’KHA BiJl TPUCTPOIB, MiIKIIOUSHHUX J0 HEi, 1HaKIIIe
Mo u(diKalii 1 TOJIIMIICHHS CTaHyTh HEMOXIUBUMH. Takox Mae OyTH po3polOsieHa
IpoLEypa, 0 BCTAHOBIIIOE, AKUH NPUCTPIN yrnpaBiige WUHOKO 1 koiu. Kpim Toro,
SKIIO Pi3HI MPUCTPOI 3 PI3SHUMHU TAKTOBUMHU YaCTOTAMH ITiJIKJIFOUEHI JIO IIIUHU, MAE
OyTH BU3HAYEHE JKEPEJIO CUHXPOHI3allli KWHU. BCiM UM KpuTepisim

3a10BoJILHAE nHa [2C.

Ilpuxnao koughicypayii wiunu 12C

[Muna 12C nigTpumye Oyab-SKYy TEXHOJOT1F0 BUTOTOBIEHHS MIKPOCXEM
(nMOII, KMOII, 6inonspny). i ninii ganux (SDA) i cuaxponizariii (SCL)
CITy>KaThb JIJIs iepeHeceHHs iHpopmariiii. KoxkeH npuctpiii po3mi3HaeThCs 3a
YHIKQJIBHOIO aJIpecoro - 0y1b To MikpokoHTpoJuiep, PKI 6ydep, mam'sats abo
1HTEepQeiic KIaBiaTypy - 1 MOXKe MpalloBaTH SK repeAaBay ado npuiiMad, 3ajeKHO
BiJl Mpu3HaueHHs npucTporo. 3azsuuaii PKI 6ydep - nuimie npuitmad, a nam'sthb
MOJKe SIK IPUiMaTH, Tak 1 mepenaBatu gaxi. KpiMm Toro, mpuctpoi MOXKyTh OyTH
kyacudiKoBaH1 SK 110 BeAYyYl 1 BeJIeH] P niepeaadi JaHux. Beayunii - 1e
MPUCTPIi, IKUH THIIIIOE TIepeaady JaHuX 1 BUpOOJIsie€ CUTHAIM CUHXpOoHI3allii. [1pu
IOMY OyIb-SIKUH TIPUCTPIM, IO aJIPECYETHCS, BBAXKAETHCS BEIACHUM TI0
BIIHOIIICHHIO 710 Beaydoro. Tepminu muHM [2C HaBeneHo B Tabmumi 1.4., nmpukian

KoHIryparlii cucremu 3 2 MiKpokoHposepamu 1o muHi [2C — na puc 1.18.
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Tab6ming 1.4. - Tepmiau mmnn 12C

. Tepmin
Tepwmin (anri.) p Omnuc
(yp)
Transmitter IepenaBau |IlpucTpiii, o mocuiae AaHi B MIUHY
Receiver [puiimau | IlpucTpiii, mo npuiimae 3 MIMHA
. |ITounnae nepecniky 1aHuX, BUPOOIIS€ CHHXPOIMITYIbCH
Master Benyunii . P YA » BUP P Y ’
3aKiHUY€ TMEPECHIIKY JaHUX
Slave Benennii | Ilpuctpiii, mo aapecyeTbest BEIyIum
Multi-master JlekinbpKa BeAyYuX MOXKYTh HaMaraTucs 3aXOIUTH [IHHY
- OJTHOYACHO, 0e3 MopyIIeHHS MepeaaBanoi iHpopmarii
Arbitration ApGitpax |IIpouenypa, 3a6e3neuyroun pexxum Multi-master
Synchronization |Cunxp. [Iponierypa cuHXpoOHi3alii ABOX MPUCTPOIB

MICRO-
CONTROLLER
A

LcO
3 DRMER

STATIC
Rahl OR
EEPROM

S0A

SCL

1]

GATE

ADC

- I

MICRO-
COMTROLLER
B

Puc. 1.18. Ilpuknan koudirypaii mmnu [2C 3 1BOMa MiKpOKOHTPOJIIIEpAMHU

Cxema (puc 1.18) MicTuTb:

Microcontroller A -MikpokoHTposuiep A ;
GATE ARRAY - Macus ki1t0uiB;

LCD-Driver — pinuHHO-KpUCTaIHYHUA ApaiiBep;

ADC — AIIIT;
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e STAT IC RAM or EEPROM - Crarmuna O3II a6o I1TI3I1;
e Microcontroller B - MikpokonTposuiep B.

[Muna 12C nomyckae nekinbka Beaydnx. Lle o3Hadae, o OLIBIIT HIXK OJTUH
MIPUCTPIH, AKUHN 3IaTHUM YIIPABIISITH IIIMHOIO, MOXKE OYTH IMIAKITIOUCHHH 10 Hed.

PosrisiHeMo B3aeMuHU TniepeaBad-npuiMay 1 Bey4nid-BeIeHUi, 10 ICHYIOTh
B muH1 [2C Ha nmpuKIiIai MepeCcIKy JaHUX MK JJBOMa MIKpOKOHTpoJepaMu A Ta
B, miakmrouennmu fo muau (puc 1.18.). HeoOXiaHO BIAMITATH, IO Il CTOCYHKHU
HE TIOCTIiHI, a 3aJIe’KaTh JIMILE B/l HAPSAMY NEPECUIIKH TaHUX B JaHUH MOMEHT
yacy. [lepecmika gaHux BiI0yBaTUMETHCA TAKUM YHHOM:

Xaii MikpokoHTpoJiep A 6axkae mociatu iHpopMmalliro B MiIKpoKOHTposep B,
TOJ1 TIOCJIIIOBHICTD I HACTYIIHA:

® MIKPOKOHTpoJiep A (Beayuuii) ajipecye MiKpoKoHTpoJuiep B (Benennii);

® MIKPOKOHTpoJiep A (Beayuuii-iepenaBay) NoCHiIae gaHi
MIKpOKOHTpoJiepy B (Benenuii npuiimay);

® MIKPOKOHTPOJIEP A 3aKiHUY€E MEPECHUIIKY.

Xaii MikpoKoHTpoJiep A Oaxkae pUiHATH 1H(GOpPMAITiIO Bl MIKPOKOHTpOJIepa

B To/11 mocniioBHICT M1iil HACTYyIHA!
® MIKPOKOHTpoJiep A (Beayuuil) agpecye MIKpoKoHTpoJiep B (Beaenuit);
® MIKPOKOHTpoJiep A (Beayuuii-ipuiiMay) npuitMae J1aHi Bij
MiIKpOKOHTpoJiepa B (BeaeHuit nepenaBay);
® MIKPOKOHTPOJIEp A 3aKiHUY€E MEPECHUIIKY.

VY 000x Bunaakax BeAyyui (MIKpOKOHTpoJep A) reHepye CHHXPOIMITYJIbCH 1
3aKiHYY€ TepecuiKy. ['eHepairisi CHHXpOCUTHAITY - 11€ 3aB/IH 000B'SI30K BEIy4Oro0;
KOXXEH BEy4uid TeHepye CBIM BIACHUN CUTHAJI CUHXPOHI3AIT IPH MepeCcuILl
naHux 1o muHi. CUTHaJI CHHXPOHI3AIlT MOKe OyTH 3MIHEHHM JIUIIIE SIKIIO BiH
“BUTATYETHCS’ TOBUTHBHUM BEACHUM MPUCTPOEM (IIUISIXOM yTPUMAHHS JIiHIT B

HU3BKOMY CTaHi), a00 1HIIUM BEAYYUM, SKIIO BIIOYBA€THCS 3ITKHEHHS.
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MoOXIMBICTh MIAKIIOUCHHS O1IBII OJTHOIO MIKPOKOHTPOJLIEpa JI0 IITMHU
O3Hauae, 10 OLIBII HIXK OJUH BeIy4Yuid MOKE CIIpOOYyBaTH MOYATH MEPECUIIKY B
OJIMH 1 TOM k€ MOMEHT 4acy. /{1 yCYHEeHHS XaocCy, KMl MO)Ke BUHUKHYTH B

JTAHOMY BHUMAJIKy, po3po0iieHa nmpoueaypa apoiTpaxky.

Lioxknouenns 12C-ycmpoiicmé 0o wiunu

Sk SDA, tak i SCL € nBoHanpsMiaeHUMH JiHISIMHU, TIPUETHAHUMU 10
JIOJIATHBOTO JHKEepelia )KUBJICHHS yepe3 mararyrounii pesuctop (puc. 1.19.). Komu
IIMHA BUJIbHA, 00W/IB1 JiHI1 3HaxoaThecsi y BUCOKOMY nonoxenHi. Buxinni
KacKaJli MPUCTPOIB, MIAKIIOYEHUX J0 IIMHU, TOBUHHI MAaTH BIAKPUTUM CTIK 200

BIJIKPUTHUI KOJIEKTOP JIJIsl 3a0e3MeueHHs PYHKIT MOHTaXHOTO I..

+4on

7 PULL-UP
RESISTORS o Rp

SOACSERIAL DATALIME)

SCLOSERIAL CLOCK LINE

OEWICE1 OEICEZ2

Puc. 1.19. Iligkmouenns [2C-nmpunamiB 10 MIUHA
Ha puc 1.19 noznaueno:
SDA - nmiHig gaHuX;
SCL - niHis CHHXPOHI3aIIIT;
SCLKOUT - Buxia cuHXpoHi3ailii,
SCLKIN - Bxia cHHXpOHI3aIIii;
DATA OUT - Buxijg naHux;
DATA IN - Bxig gaHux;

Rp - miaTsaryrodi pe3aucTopu;
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Vdd - Hanpyra >KUBIICHHS.

Ilepecunxa 6ima oanux

VYHacnigok pizaux texnosnoriit mikpocxem (KMOII, nMOII, 6inonsipua), siki
MO>KYTh OYTH HifKJIFOUeHi [0 IIMHH, piBHi noriunoro myns (“HU3BKUI”) i
JIOTTYHOT OTMHHIIL (“BHCOKHﬁ”) He (hiKCOBaHi 1 3aJie’KaTh Bij BIJMIOBITHOTO
piBHs Hanpyru Vdd .

OauH CUHXPOIMITYJILC TEHEPYETHCS HA KOXKEH O1T, 110 MEePEeCUIaEThCsl.

Hani na minii SDA noBunHI 6yTH ctabinsHuMU nipotsirom BUCOKOI'O
nepiony cunxpoimmyibcy. BUCOKUU a6o HU3bKU cran ninii jaHuX MOBUHHE

MIHSTHCS, TiTbKH KO JIiHis cuHXpoHizaii B crani HU3BKUH (puc 1.20).

S0A / >:<

AN
-

sCL
DATALIME | CHANGE

| “sTABLE. | OF DATA |

| DATANALID | ALLOWED)

1 2

Puc. 1.20. Ilepecunka 6ita B mmni [2C

JliHis JaHUX 3HAXOAUTHCS B CTAOUILHOMY CTaHi, 1aH1 BU3HAYEHI

JlonyckaeTbcs 3MiHA JaHUX

Cuenanu START u STOP

[Touarok Ta KiHEIs Iepenaybl BU3HAYAIOTH crienianbHi cutyarlii - CTAPT 1
CTOII (puc 1.21).

[Tepexin ninii SDA 3 BUCOKOI'O crany B HI/I3BKI/H7L tom gk SCL
sHaxoauthcsi y BUCOKOMY crani o3nagae START.

[Tepexin ninii SDA 3 HU3bKOI'O crany y BUCOKE npu SCL y
BUCOKOMY crani o3nauae STOP.
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Curnamu CTAPT 1 CTOII 3aBxau BUpoOJISIOTECSA BeAyuuM. BBakaeThcs, 110
mHa 3aiiHaTta micist curHairy CTAPT. [lluna BBakaeThCsl TaKOI0, 10 3BUTHHHUIIACS
yepe3 neBHui vac micis curnairy CTOIL.

Busnauenns curnanis CTAPT 1 CTOII npuctposmMu, miaKIIOUSHUMH 10
IITMHY, BiAOYBA€THCS TOCUTH JIETKO, SKIIO B HUX BOy0BaH1 HEOOXiHI JIAHITFOTH.
[IpoTe MiKpOKOHTpOJUIepH 0€3 TaKUX JAHIIOT1B TOBUHHI 3/1IMCHIOBATH
NPOYUTYBaHHS 3Ha4eHHs JiH1T SDA sk MiHIMyM JIBi4i 3a Mepi0]] CHHXPOH13a1ii

JJIS TOTO, I]106 BU3HA4YUTH HGpGXiII CTany.

r—" r—"

o] N SN

_ - _
iCL | | SCL
I e |

L1 L1

,] START 2 STOP
CONDITION CONDITION

Puc. 1.21. Curnanmu CTAPT(1) 1 CTOII(2)

Dopmam bauma.

KinekicTs 6aiiT, mepemaBaHux 3a OJUH ceaHC 3B'3Ky 1o JiHii SDA
HeoOMexkeHa. KoxeH 0ailT MOBUHEH 3aKiHUyBaTUCS O1TOM miaATBepkeHHs. JlaHi
nepearoThCs, MOYMHAIOYN 3 HalHO1IbI 3HauyIoro 6ita MSB (puc. 1.22.). Akmo
npuiiMay He MOXKe MPUIHATH HaCTYyITHUIA OailT, MOKU BiH HE BUKOHAE SIKY-HEOyAb
1HITY QyHKIII0 (HanpuKiIaa, 00CIyKUTh BHYTPILIHE MEPEPUBAHHS ), BIH MOXKE
yrpumyBatu niHir0 SCL 8 HU3bBKOMY crani, nepeBoasiuu repegaBad B CTaH
yekaHHA. [lepecuika gaHUX MPOIOBKYETHCS, KOJIM pUitMad Oyie TOTOBHIA J10
HacTymHoro Oaifra i BigmyctuTh JiHito SCL. B nesxux Bumaakax, HeoOX11HO
BUKOPUCTOBYBATH 1HIIHNI opmart nanux (Harnpukian, CBUS). [Tocunka, sika
NEPEAETHCS 3 TAKOIO aIPECOr0, MOKe OyTH 3akiHueHa Buaayero curnainy CTOI],
HaBITH SKIIO LI BIAOYBA€ThCS Mij yac nepeaayi 6aiira. B ipomy Bunaaxy

M1ITBEPIKCHHS HE TEHEPYEThCS.
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——"
304 |

S1GNAL FROM RECEINER SIGNAL FROM RECEINER

LA AN - | P

L__J L——
START STOP

1 coNDITION 4 BYTE COMPLETE, CLOCE LINE HELD LWy 7 conDimIoN

INTERRLUPT WTHIN RECERER MHILE INTERRLUPT S ARE SERMICED

- T N

O T O L
I
I

| 2 ;1] ACKNOWL EDG B ENT 6 AL KNDWWL EDG B EMT |
I

Puc.1.22. Tlepecunka nanux mno muHi [2C

Curnan CTAPT (S)

Crapmmii po3psia 6aiita (MSB —most significan bit)

Curnan miarBeppkeHHs Bix npuiimada (ACK)

[Tpuitom Oaiita 3aBepiieHuid. [lepepuBanHs ycepeauHi npuiimayda

CHUHXPOJIIHIA YTPUMYETHCA B HU3bKOMY CTaHi, TOKH 0OCITYTOBY€EThCS
niepeprUBaHHS

Curnan miaTBeppkeHHs Bix npuiimada (ACK)

Curnan CTOII (P).

Iliomeepoorcenns

[TinTBepIKeHHS IPU Miepeaadl JaHuX 000B's13K0BO. JJist bOTO BeAyUHrid
reHepye noaaTkoBuil (9-i) iMmmynasc cunxponizaiti. [lepenaBau Bignyckae
(nepeBoauts y BUCOKHUH cran) ninito SDA mpoTsaroM CHHXpOiMITyIIbca
niaTBepakeHHs. [IpuiiMay noBuHeH yrpumyBaTu JiHito SDA npoTsirom
BUCOKOI'O crany cunxpoiMmiryibca miarBepkeHHs B cradinpno HU3bKOMY
ctani (puc. 1.18.). 3a3Buuait, npuiimMad, kil OyB aJapecoOBaHUi, 3000B'I3aHHI
reHEepPYBaTH MIITBEPKCHHS TICIIsl KOKHOTO MPUUHATOTO OalTa, BUKITIOYAIOUH Ti
BUIIAJIKH, KOJIM MMOCHIIKA MOYUHAEThes 3 ajipecu CBUS.

VY Tomy BUMA/Ky, KOJIU BEACHUHN NMpUiiMad HE MOXKE MiITBEPIUTH CBOIO aJpecy

(HampuKITal, KOJIH BiH BUKOHYE B IAHWM MOMEHT SIK1-HEOY1b (DYHKIIIT peabHOTO
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yacy), JiHisg ganux Mae 0ytu 3anuiieHa y BUCOKOMY crani. ITicns nporo
Benyuuit Moxe Bunatu curnas CTOII qys nepepuBaHHs NEPECUIIKU JTAHUX.

Skiio BeneHuit mpuitMay miaTBEPIUB CBOIO aJipecy, ajie uepes ICesIKUi Jac
OlsIbllIe HE MOXKE MPUHUMATH JaHi, BEAyYUid TaKOk MOBUHEH MEepepBaTH NMEPECHUIIKY.
J51s 1bOT0 BEACHUN HE MIATBEPKY€E HACTYITHUN OalT, 3auIIIae JIiHIIO JaHUX Y
BUCOKOMY crani 1 Begyuuii renepye curaan CTOIL.

Sxuio B nepecunili Oepe ydacTb BeAyuynii-puiiMad, TO BiH OBUHEH
MOBIJJOMHUTH TPO 3aKIHUCHHS Mepeadl BeACHOMY TIepeiaBady IUIIXOM He
M1TBEPKEHHSI OCTaHHBOTO OaiiTa. Bepenuil nepenaBay NoOBUHEH 3BUIBHUTH
JHIIO AaHUX JJIS TOro, 00 103BoUTH Beaydomy Buaatu curdan CTOII abo

noBroputu curiain CTAPT.

|
5 oamaoureur | | o /
BYRECEMER | |
3 scLFROMMasTER | 5 | 1 3 7 gt /o
L 1
ART T

5T,
CONDITION
4 5 CLOCK PULSE FOR ACKMOWLEDGMWENT

Puc. 1.22. TlinTBepxeHHs

JlaHi, epeaHi nepeaBademM
Jani, nepenadi npuiimayem
Cunxpoimnynscu SCL Big Beay4doro

Curnan CTAPT

CHHXPOIMIYJIBC M1ATBEPAKEHHS
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JIEKIIIA 6

CunxpoHnizayis

[Tpu nepenaui mocuiok no muHi [2C KoXeH Beayunii reHepye CBId
cunxpocurnai Ha JiHii SCL. [ani aiiicHi nume mig yac BUCOKOI'O crany
CHUHXPOIMITYJIbCA.

CuHXpoH13a1lisl BUKOHYETHCS 3 BUKOPUCTaHHAM MiAKIoueHHs a0 JiHii SCL 3a
npaBuiioM MOHTaxHorO . Ile o3Hauae, mo ynacnigok nepexony jaiHii SCL 3
BUCOKOTI'O crany 8 HU3bKHI, BUKITHKAHOTO IEPEX0I0M CHHXPOCUTHAITY
OJIHOTO 3 IIPUCTPOIB B HU3bKWM cran, B1JIOYIETHCS TAKOXK MEpexia
CHHXPOCHTHANTy iHIIoro npuctpoto B HU3LKWM cram.

et ctan niHii SCL yTpUMy€eThCS JOTH, TIOKUA HE Oy/1€ BCTAHOBJIEHO
BUCOKUWH cran BHYTpIIHBOrO CHHXPOCUIHAIY OJJHOTO 3 IPHCTpOiB (puc.1.23).
Ipore, nepexin 3 HU3BKOI'O crany y BUCOKMI cHHXpOCHTHATY MOXeE He
BUKJIMKATH aHATOTTYHUM niepexia Ha JiHii SCL, sSKio cHHXpOoCUrHam 1HIIOTO
npucTporo Bee me 3HaxoauThesi B HU3bKOMY crani. Takum unaoM, miHist SCL
3HaxoauTuMeThess B HU3bKOMY crani Bipoaos:x moHainosmoro HU3bKOI'O
nepiony 3 ABoX cuHxpocurHams. [Ipuctpoi 3 kopormum HU3BKUM nepiogom
BXOJIUTUMYTh B CTAH YCKAaHHS HA SKUHCH Yac, MOKH HE KIHYMTHCS JTOBTUH TIEPIO/.

Ko y Beix 3amisHux npuctpois kinunthes HU3BKUU nepion
cuaxpocuraany, ninis SCL nepeitne y BACOKUU cran. Bei nmpuctpoi mounyTh
npoxoxutn BUCOKUH nepion cBoix cuuxpocuraani. Ilepuimii npucTpiii, B
SIKOTO KiHUMTBCS 1Ieit Tiepiost, 3HoBY BcTaHOBHTS Jidito SCL 8 HU3BKU cran.

Taxnum unsom, HU3BKUWM nepion cuuxponuann SCL BU3HAYAETHCS
HaiIOBIIMM MEpiooM CHHXPOHi3allil 31 BCiX 3a1isHUX npucTpois, a BUCOKUIM

nepioJT BU3HAYAETHCSI HAMKOPOTIIIMM TEPi0JI0M CHHXPOHI3aIlli IPUCTPOIB.
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1 2 START COUNTIMG
AT HIGH FERIOD
P gqe I ——
|

Puc. 1.23. CunxpoHi3alis mij 4ac apOoiTpaxy

1. Cran yekaHHs
2. Tlouaroxk Bimniky BUCOKOI'O niepiogy cuHXpOiMITYyIIbCca

Apbimpasic

[ mpotienypa 3acHOBaHa Ha TOMY, 1110 Bcl [2C-ycTpoiicTBa MiAKIIOYAIOThCS
1o mmHU SDA 32 mpaBWJIOM MOHTaKHOTO [.

Benyunii MOke MOUYMHATH NEPECUIIKY JTaHUX, JIUILE SKILIO IIMHA BiibHA. [[Ba 1
Oinbie Beayunx MoKyTh 3renepyBatu curaain CTAPT, o npuBene 10 curHaty
CTAPT na i (puc 1.24).

ApOiTpax BinOyBaeThcs Ha muHI SDA B nepionu, koiu mmnaa SCL
sHaxoauthess y BUCOKOMY crani. SIKmo onuH Beny4uil mepeae Ha JIHI0
narnx HU3bKUN P1BEHbB, TOJI1 SIK 1HILIUMN - BUCOKMWMH, To ocrauHiii
BIJIKJIFOYAE€TLCS B1JI JIIHIT, OCKUIBKH cTaH SDL (HI/I3I>KI/H71) HE BIIITIOBIgAC
BMUCOKOMY crany ioro BHYTpIIIHBOI JIIHIT TaHUX.

ApOiTpax MOXke IIPOJIOBKYBATHUCS BIPOJOBK ACKUIBKOX 01T. OCKIJIbKU
CTIIOYATKY MIEPEAAEThCS a/Ipeca, a MOTIM JiaH1, TO apOiTpax MOKe TPUBATH 0
3aKIHYEHHS aJpecH, a SKILO BeAy4l apecyoTh OUH 1 TOU ke MPUCTPIH, TO B
apOiTpaxi OpaTUMyTh Y4acTh 1 JaHl. YHACIIJOK TaKO1 CXeMH apOiTpaKy IpH
31TKHEHH1 JaH1 HE BTPayarOThCA.

Benydomy, nporpasiioMy apOiTpax, 103BOISETHCS BUJABATA CUHXPOIMITYJIbCH

Ha mHy SCL 10 KiHIs 6alTa, IPOTATOM SIKOTO OYB BTpauy€HU JOCTYII.
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Sk1110 B mpUCTpii BeAy4Oro TakoX BOY10BaHi1 1 (PYHKIIIT BEIEHOTO 1 BIH
mporpaB apOiTpak Ha CTajii mepeaadl aapecH, TO BiH HETaitHO TOBUHEH
MEPEMKHYTHCS B PEKUM BEJCHOTO, OCKUJIBKH BEIydiH, 1110 BUTpaB apOITpaXk, Mir
aJipecyBaTu HOTo.

Puc. 1.24 inmmoctpe nporeaypy apoiTpaxy aBa BeAydux. B MoMeHT vacy, Ko
BUSBJISIETHCS BIIMIHHICTh MK pIBHEM BHYTPIIIHBOI JIiHIT AaHuX 1 SDA, BUXin
nepuioro Beaydoro HaOyBae BUCOKOI'O 3HaueHHs, HE BIUTUBAIOYU TAKUM YHHOM
Ha MIEPECHIIKY JAHUX BEAY4Or0, 1110 BUTPAB.

VYHachijok Toro, o apoiTpaXx 3aJIeXKUTh JIUIIIE BiJl aJJPECH 1 TaHUX,
nepeIaBaHuX BEAYIMMH, 110 3MararoThCsl, HE ICHY€ IIEHTPATLHOTO BEIy4OTro, a
TaKOX MPIOPUTETHOTO JIOCTYITY J0 IITUHHU.

Oco06nMBy yBary ciijJi 3BEpHYTH Ha CUTYaIlit0, KOJI MiJ] 4ac apOiTpaxHO1
npoleaypu Ha muHy nepegaerbest nopTopHuil curnait CTAPT a6o curnan CTOIL.
k1110 iCHY€ MOXKJIMBICTh BUHUKHEHHS TaKO1 CUTYallii, TO BeAy4l MOBUHHI MTOCIATH
noBtopHuit curnan CTAPT a6o curnan CTOII B oHHX 1 TUX e TTO3UIIIAX KaJpy.
[HIIMIME crioBaMu, apOiTpax 3a00pOHEHUN MiXK:

e mnopTopHuM curHanioM CTAPT i 6iTom nanux;
e cur"aigoM CTOII i 6iToMm naHux;

e noBTopHuM curHajgoMm CTAPT i1 curnanom CTOIL.

Transmitter 1 Loses Acbiration  *

SDA

T | -

L=

Puc 1.24. ApOGiTpaxk Mi>k IBOMa BEyYUMH
* mepenaBad 1 mporpae apOiTpax - HOTo JiHIA JaHUX HE 30iraeThes 3 SDA

Bukopucmannsa mexanizmy CUHXpoHI3ayii ax npoyedypu YnpasiiHHs 368 'a3Kom
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OxpiM BUKOPUCTAHHS B MPOLEAYpl apOITpaxy, MEXaH13M CUHXPOHI3aIlli MOXe
OyTH BUKOPUCTAaHUH MpUiMayaMH K 3aci0 ympaBIiHHS NEPECUIIKOIO TaHUX Ha
0aliToBOMY 1 6ITOBOMY PIBHSIX.

Ha piBHi 6aiiTa, SKI1I0 IPUCTPii MOXKE TPUHMATH OalTH TaHUX 3 BEJTUKOIO
IIBUIKICTIO, aJle BUMAarae TEBHUN 9ac JJis 30epeKeHHS MPUMHITOr0 0aiTa abo
MIATOTOBKH JI0 MPUIOMY HACTYITHOTO, TO BIH MOKe yTpuMyBatu JiHito SCL B
HU3bKOMY crani micnst npuiiomMy 1 iATBEpKEHHS 0aiiTa, MepeBOTYH TAKUM
YUHOM IepeiaBay B CTaH YEKaHHS.

Ha piBH1 01TiB IPUCTPiii, TaKUil TK MIKPOKOHTPOJIJIEP 0€3 BOYJ0BaHUX
anapatHux JaHoriB [2C abo 3 00MeXEeHUMU JIAHLFOTAMH, MOXE YITOBUIbHUTH
4acTOTYy CUHXPOIMITYJIbCiB 1uIsixoM npoaosxkenHs ix HU3BKOI'O nepioay. (puc.
1.25). Takum YMHOM MIBUAKICTH Mepeiadl Oyab-sSIKOT0 BEIy40ro aanTy€eThCs 10

IIBUJIKOCTI TOBLJILHOT'O MPUCTPOIO.

C o ADORES S RAT ALK AT, ALK DATA, ALK -
START 5TOR

CONDITION 2 3 4 5 4 5 4 CONDITION
1

Puc. 1.25. Ilocunka manux

Curnan CTAPT
Anpeca

bit Hanpsimy (R/W )
[MinrBepmxenns (ACK)

Jani
Curuan CTOII

ouhkwnE

Dopmamu 3 7-6imoeor adpecoro
[Tocunku nanux BiaOyBaroThCs y popmarti, mokazaHomy Ha puc. 1.26. ITicis
curnainy CTAPT nocunaerbes agpeca BeaeHoro. Ilicns 7 6it agpecu ciigye 61T

HaIpsMKY JaHuX (R/W ), “HyJIb” 03HA4Ya€ nepenavy (3amnuc), a “oquHus’ -
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npuiiom (uutanus). [lepecunka qanux 3aBxau 3akiHuyeThesi curHaioMm CTOI, mo
reHepyeThes BemxyanM. [IpoTe, Ko Bemyurii Oa)kae 3aauIIaTiCs Ha MIWHI JaTi,
BiH MoBUHEH BUaatu nopropuuii curnai CTAPT 1 moTim agpeca HacTymHOTo
npuctpoto. [Ipu Takomy popMarti MOCHIKH MOXKIUBI Pi3H1 KOMOiHAITIT
YUTAHHS/3aMHCY:

Benyuwnii-nepenasau nepenae gani BeaeHoMy npuitmauy. Hanpsim nepecuiiku
JTaHUX HE 3MiHIOEThC (puc 1.26);

Benyuwnii untae gaHi BeICHOT0 HETalHO MICIIsl EPECUIIKU MepIioro 0anTa
(puc. 1.27). Y MOMEHT nepiioro miaATBEPKEHHS BeAyUHii-IepeiaBay CTae
BElyYUM-TIpUHMayeM 1 BeJIeHUI pHUiiMay cTae BEJCHUM NIEPEIaBavuEM.
[TinTBepxenHs npote renepyethes BeaeHuM. Curnan CTOII renepyerbes
BEJIyYHM.

Kom61inoBanuii popmat (puc. 1.28). [Ipu 3MiHI HanpsiMy NEPECUIIKU TaHUX
noBToproethest curaan CTAPT 1 agpeca BegeHoro, ane 01T HanpsAMY JaHUX
1HBepTyeThes. SKio Bexyunii-npuiimayd nocuiae nopropuuii curuan CTAPT, Bin

3000B's1I3aHMI 3a31aJI€T1/Ib IOCIATH CUTHAJ HEIliITBEPIPKCHHS.

3 4 L)

|s|S|AfEAJ:|DREss ‘RIW|A|DATA‘A‘IJATA|M|F‘

- | I—mmTR;Q-NSFERREl::J

" (RITE) (n BYTES + ACKNOWLEDGE) [
9 [] FROMMASTERTO SLAE 7 A= ACKNOWLEDGE (S0 L0

= HOT ACKNOWLED GE(SOA HIGH) 3
0  %=5TART CONDITION
2 [ ] FROM SLA/E TO MASTER R-3TORCONDTION 10

Puc. 1.26. ®opmat nmocusiku BiJ BeAydOoro-nepenapaya, o aapecye BeJeHuil-

npuiiMayda 7-61TOBOIO aJIpecoro.

1. Hanpswm nepecusku He 3MIHIOEThCS

2. Hampsmok miepesadi BiJi BEAy9IOro JJ0 BEJIEHOTO

3. Hanpsmox nepenadi BiJ B€I€HOTO A0 BEIy4Or0

4. Anpeca BeIeHOTO

5. bir nanpsmy (B manomy Bumaaky R/W =0 - 3amuc)

6. Jlani, mo nepecusnaroThbes (n OANT + MiATBEPIKECHHS )
7. A - IlinTBepKeHHS

8. A/A- HeninrBepmKeHHs
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9. Curmax CTAPT
10. Curuan CTOII

1

|S‘SL:%'EADDRESS‘H‘.ITIF|A|IJATA|A|DATA‘K|P|

|— DATATRANSFERRED J

(REALD) {n BYTES + ACKHOWLEDGE)

Puc. 1.27. ®opmat mocUaKA BiJl BEIydOro, 0 YUTAE 3 BEACHOTO O6€3M0CepeTHBO

TiCIIA Mepioro oaiTa

1
‘S‘SWE.&DDRESS‘RIW‘A‘D.&TA‘M

3 3
2 ware
2 FEAD lZH|=HﬁuRITE = TE&IEBJ READ ORWRITE \J_ T&EESJ

4 Sr=REPEATED START CONOITION DIRECTION OF TRANSFER 5
Wt CHANGE AT THIS POINT

ar

SLNEADDRESS|HW‘A|DAT&|NK‘F‘

* TRANSFER DIRECT IO OF DATA AND ACKNOWLEDGE BITS DEFENDS ON RAWBITS. G

Puc. 1.28. KombinoBanuii popmat

Anpeca BeJeHOTO

UYuranHs abo 3anuc

n OalTiB + MiATBEPIKESHHS

Curnan nosropaoro CTAPTY Sr

Hanpsim nepecuiaku Moxxke 3MIHUTHCA B IiH TOUII

Hampsim nepecuiiku 1anux 1 01TiB MIATBEPXKEHHS 3aJI€KUTh Bl OITIB HANpsAMy

ouhkwdE

KoM0iHoBaH1 (popmMaTi MOKYTh OYTH BUKOPUCTaHI, HATPUKIIAM, JJIs
yIpaBIiHHS TOC10BHOIO am'saTTro. [1i yac mepioro 6alta JaHUX MOXKHA
nepeaaBaTH aipecy B Mam'siTi, sika 3aMUCy€Thbes y BHYTpilHii Oydep. [Ticns
nosropenHs curaany CTAPTy (Sr) 1 angpecu BeeHOTO JaHi BUAAIOTHCS 3 MaM'SITi.

Bci pimenHs mpo aBTO-1HKpEMEHT a00 IEKPEMEHT aJpecH, JI0 sIKOT CTaBCs
NoNepeIHIA JOCTYI, IPUIUMAaIOThCS PO3POOHUKOM MPUCTPOIO.

Kosxen OaiiT 3aBepIIyeThCsi O1TOM IiITBEPIXKCHHS/HETATBEPI>KEHHS,
no3HageHuM A abo A BiamosigHO.

12C-cymicHi npucTpoi NOBUHHI CKUJIATH JIOTIKY IIIMHY MPY BUSIBICHHI CUTHAITY
CTAPT a6o nosropuuiit CTAPT i rotyBatucs 10 npuiioMmy aapecu.

7-6imosa adpecayis
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[Ipouenypa agpecartii Ha mmHi [2C nossirae B Tomy, 110 MepInil 6aiTt
nocusiku Bl Bexydoro micis curnany CTAPT Busnauae, sixkuit BeneHuit 6yae
BUOUpaeThCs. BUKITIOUEHHSIM € afipeca “3arajibHOro BUKJIUKY , 1110 aJpecye BCl
MPUCTPOI HA IITUHI.

[Tepmi cim OiTiB meproro O6aira yrBOPIOIOTH ajapecy BeaeHoro (puc 1.29).
Bocbmuii, Mooamuii 01T, BU3Ha4Ya€ HarpsiM nepecuiiku ganux. “Hyinp” o3Hauae,
10 BeIy4Hii 3anucyBaTuMe iHpopmarliiro y Buopanuii BeaeHuit. “Onuanis’
O3HAYae, 0 BeAYYHil MPOYUTYBaTUME 1H(GOPMAIIIIO 3 BEJIEHOTO.

hi5H L5B
I I I I I I

| | | | | |
I— SL%E ADDORESS é
3

Puc. 1.29. Ilepmmmii 6aiiT micns curnany CTAPT

1. Crapumii po3psia
2. Monoammii po3psi
3. Anpeca BeI€HOTO

[Ticnst Toro, SIK afpeca rmociaHa, Ko>KeH MPUCTPIi B CUCTEM1 MOPIBHIOE MepII
cim Oit, o Hamiinum mcis curaany CTAPT 31 cBoero anpecoro. [Ipu 30iry agpec
NPUCTPId BBaxkae ceOe BUOpaHUM SIK BeICHUI MpuiiMay abo SIK BeICHUI
nepeaaBay, 3aJIeXKHO Bl 01Ta HAIPSAMY R /W .

Anpeca BeZICHOTO MOKEe CKIIaaThCs 3 (DIKCOBAHOI 1 MPOTPaMOBaHOT YaCTHH.
JIMOBipHO, 1110 B CHCTeMi Oyze AeKiIbKka TAKMX OJHAKOBUX IPUCTPOIB, TOMY 3a
JIOTIOMOTO0 TIPOTPaMOBAHOT YACTUHU aJIPECH CTA€ MOYKJIMBHUM IT1IKJIFOUUTH JI0
IIMHU MaKCUMAaJIbHO MOKJIMBY KUIBKICTh TaKUX NPUCTPOiB. KUIbKICTh
IporpaMoBaHuX OIT B aApeci 3aJIeXKUTh Bl KITBKOCTI BUIbHUX BHBOJIIB
Mmikpocxemu. Hanpuknan, sikiio npuctpiii Mae 4 ¢pikcoBaHuX 1 3 mporpaMoOBaHuX
aapecHux OITiB, BChOr0 8 OJHAKOBUX MPUCTPOIB MOKE OyTH MIIKIFOUYEHI JI0 IITUHHU.

Kowmitet 12C xoopaunye Buainenns [2C agpec, mo 3BeAeH1 B Tabmui 1.5

Komo6inars 6it 11110XX anpecu 3ape3epBoBana aiist 10-61ToBo1 aapecartii.
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Tabming 1.5. Anpecanisa [2C npunanis

Anpeca |R/W |Ommc

Az[peca 3araJIbHOI'0 BUKIIUKY

0000000 |0
0000000 |1 baiit CTAPTY
0000001 X Anpeca CBUS
X |Anpeca, 3ape3epBoBaHa JuIsl IIMH iHIIOTO GopMary
0000010
0000011 | X |3aPe3epBoBaHa sl MOAANLIIONO BUKOPHCTAHHS

00001XX | X 3ape3epBoBaHa JJIs1 OAAJIBIIOIO BUKOPUCTAHHS
ITITIXX | X 3ape3epBoBaHa /IS NOJAJIBILIOT0 BUKOPUCTAHHS

11110XX | X 10-6iToBa agpecartis

[Tpuctposim 3a00poHse€TbCs MiATBEPKYBaTH Npuiiom O6aiita CTAPTY.

Anpeca CBUS 3apesepBoBana ij1st Toro, o0 Mo>kHa 0yJio BUKOPHUCTOBYBATH
CBUS-cywmicHi 1 [2C-cymicHi mpucTpoto B ofHi# cuctemi. [2C-cymicHI mpucTposm
3a00pOHSAETHCS pearyBaTH Ha MPUHOM III€] aIpecu.

Anpeca, 3ape3epBoBaHa i UIMH 1IHIIOTO (JOpMAaTy TaKOK MpU3HAUEHS AJIs
3MIIIAHOTO BUKOPUCTAHHS PI3HUX MPOTOKOIIB. Binnosinatu Ha mpuiioM wi€i
aZipecy MOXYTb JIMIIE TIPUCTPOI, 1110 MPALOIOTh 3 IIUM (popmMaToM.

KomoGinaris 6it 11110XX agpecu 3apezepBoBana st 10-6iToBoi aapecaiii.

AOopeca 3a2anbHo20 GUKIUKY

AJpeca 3araJibHOr0 BUKJIMKY BIJHOCUTBCS 10 BCIX IPUCTPOIB HA HIMHI AJIs
OJTHOYACHOTO 3BEpHEHHs A0 HuX. [IpoTe, K110 mpucTporo He NOTPiOHI AaHi, K1
MOKYTh OyTH Tepe/iaHi Mo 3arajJbHOMY BHKJIMKY, BIH MOKE ITHOPYBAaTH 3BEPHEHHS

IUISIXOM HEBUJIaul MIATBEPKEHHs. SIKIIO MPUCTPOIO MOTPIOH1 JaH1 3arajibHOTO
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BUKJIMKY, BIH T€HEPYE MMiITBEP/HKEHHS 1 CTa€ BEJICHUM npuiiMaueM. pyruii i
MOTAJTBIITUI OAWTH MMOBUHHI I ATBEPKYBATHUCS KOXKHUM BEJCHUM TIpUiiMadeM,
3IaTHUM 0OpOOUTH 111 JaHi. SKIo BeleHU He MOkKe OOpOOUTH OJIMH 3 OAKTIB, BIH
HE TeHEPYE MiATBEPIKEHHS.

3HaYeHHSI OCUJIKA 3arajbHOTO BUKIIMKY 3aBXIM BU3HAYAETHCS JPYTHUM
oaiitom (puc. 1.30).

Mo>xHBi HACTYIHI BapiaHTH.

I. biT HanpsiMKy R/W 10piBHIOE “0”, npyruii 6alT npuiiMae HaCTyIHI
3HAYCHHS:

1) 00000110, mo o3Havae: « CKUHYTH OPUCTPIH 1 3aUCATH POTPAMOBaHy
yacTUHY ajpecu». [Ipu BUsSBIEHHI IIbOTO OANTY BC1 MPUCTPOI CKUIAIOTHCS 1
MIEPEUNUTYIOTH MTPOTPaMOBaHy 4acTUHY iX anapec. [lepen Bugadero KoMaHIu
HEOOX1THO MEPEKOHATHCS, IO MMPUCTPOI MICIIS M01adil KUBJICHHS HE YTPUMYIOTh
JHIT IITHU B HU3BKOMY CTaHI

2)00000100 - «3ammcatu mporpaMoBaHy YacTHHY ajapeck». Bci mpucTpoi, 1o
MarOTh MOXKJIMBICTh 3MIHU MPOTPaMOBAHOI YaCTHUHU aJIPECH, 3allaM’ITOBYIOTh
MOTOYHE 3HAYEHHS aJpeCH MPpY MPUHHATTI 11i€T Komauau. [Ipuctpoi He
CKHJIAatOTHCSI.

3)00000000. Le# ko HEAOTYCTUMUM AJI1 BAKOPUCTAHHSI B SIKOCT1 APYTOTO
OanTy.

4)IH1111 KoM HE BCTAHOBJICH] 1 MPUCTPOI MOBUHHI ITHOPYBATH iX.

II. bit HanpsiMKy R/W J0piBHIOE “1” |, a 7BOOANTOBA MOCIIIOBHICTh SIBIISIE
co00I0 TaK 3BaHUl “AmnapaTHUM 3aradbHUI BUKIUK . BiH BUKOPUCTOBYETHCS Y THX
BUIIAJIKaX, KOJM arapaTHUN BEIYy4IHi MPUCTPOM (TaKHid, IK CKaHEp KJaBiaTypH),
KWW HE MOKe OyTH 3alporpamMoBaH Ha BUIa4y KOHKPETHOT aJipecH BEACHOTO.
OCK1JIbKY anapaTHU BeIy4Hil He 3HA€E, IKOMY MPUCTPOIO MEPEIAETHCS TOCHUIIKA,
BiH MOX€ JIMIIIE 3T€HEPYBATH alapaTHUN 3arajbHUN BUKJIHMK 1 CBOIO BJIACHY aJIpecy

- i1eHTUdiKyoun cede s cucremu (puc. 1.31).
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Cim ctapmux 01TiB Ipyroro 6aiTa MIiCTITh aJIpecy arapaTHOro Beaydoro. Ls
azpeca Po3Mi3HAETHCS PO3YMHUM MIPUCTPOEM (MIKPOKOHTPOIEPOM), SIKAH TTOTIM
oTpuMyBaTUMe 1HGOPMAITIIO BiJ] allapaTHOTO BEAY4YOro. SKIO OCTaHHIN TaKOX
MO>Ke MPaIIOBATH K BEICHUI, HOTO ajipeca 301ra€ThCs 3 aJJpecor0 BEAYUOro.

III. B nmeskux cucremax anaparHUi Bely4dui-TiepeaBad BCTAHOBIKOETHCS B
pEeXUM BEJICHOTO MpUiiMaya Biipasy micis ckuganus. [Ipu oMy Beayuuid, mo
KOH(DIrypye cCUCTEMY, MOXE TIOBIJOMHUTH arlapaTHOTO BEAYYOTO (SIKAN
3HAXOJUTHCS B PEKUMI BEJICHUN-TIpUIMaY), Ha SIKY aJIpeCy MOBUHHI MOCUIIATUCS
naui (puc. 1.32.) [licns mi€i npouenypu anapaTHUN Beydnid 3JIUIIAETHCS B

peXUMI BEeyUnii-TiepeaBay.

[:1: ]

Lodefofefofofofofalufxfofefxfrfc]o]s]

1 | | 2
FIRST BYTE SECOND BYTE

(GENERAL CALL ADDRESS

puc. 1.30. ®opmar azipecu 3araJibHOTO BUKIHKY

1. Ilepummuii 6aift
2. Jlpyrwuii Gaift
3. Momnonmmii po3psin

‘S|DDDDDDDD ‘A‘MQSTERJ&DDRESS|1 |A|DATﬁ|ﬁ|DATA|ﬁ‘P|

)2 e J | _3 ____|

SECOMND BYTE (n BYTES +ACK)

GEMERAL
CALLADDRESS

puc. 1.31. Ilepecunka naHux 3 anmapaTHOrO BEIy4OTO-TiepeaaBada

1. Anpeca 3araibHOTO BUKITUKY
2. Jlpyrwii Gaift
3. N OaiiT + miaTBepIKEHHS
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| 3 ‘ SLAE ADDR. HAUWMASTER | F\'.IW| A ‘ DURP ADDR. FOR HAWMASTER ‘ X ‘ A ‘ F ‘

1 | 3
METE
2 (a)

| b ‘ OURP ADOR. FROR HAWMWMASTER | RATT | A ‘ OATA ‘ A | OATA ‘ A ‘ P |

1 | 5 J

WRITE tn BYTES +ACK)

(b}

Puc. 1.32. Ilepenava naHux anapaTHUM BEIy4YUM, 3JJaTHUM MEPECUIIATH JIaH1

0e31mocepeIHbO BEJEHUM IIPUCTPOSIM.

(a) Konoirypyrouunii Beqyuuii mocuiae aapecy no4arky JaHUX J0 anapaTHOTO BEy4Oro;
(b) AmapaTHuii Beyunii IoCHUIIa€ JaHi BUOPAHOMY BEIACHOMY.

1. Anpeca amapaTHOTO BEIy4Oro

2. 3amuc

3. Apnpeca novarky JaHHX JJIs alApaTHOTO BEAY4Or0O

4. Apnpeca novatky JaHMX BlJ] allapaTHOI'O BEYy4YOTO

5. n OaiT + miaTBepKEHHS

baum CTAPTY

MikpokOHTpoOJEpH MOXKYTh OyTH MmiAKIt04YeH1 g0 muHu [2C nBomMa criocobamu:

MikpokoHTpoJiep 31 BOYy/I0BaHUMH IIMHHUMU JIAHI[IOTaMU pearye 3a
JIOTIOMOTOI0 TIEpEepUBaHb Ha IMO/I11, IO BIIOYBAIOTHCS Ha IIHHI,

MikpokoHTpoJuiep 6€3 TaKUX JaHIIOr1B MOCTIHHO BIACTEXKYE CTaH IWHU
MPOrpaMHUM CIIOCOOOM.

BoueBup, 1110 4nM OiTbIIe Yacy mpoiecop BUTpadae Ha 0OOCITyroOByBaHHS
IIMHHA, TUM MEHIIIE Y HhOTO 3aJIMIIAETHCS Ha OCHOBHE 3aBJIaHHs. BHACHTIIOK 1IbOTO
BUHUKAE PI3HUII MIXK MIBUAKAMHU allapaTHUMU IPUCTPOSIMU 1 TOBUTHHUMU
MIKPOKOHTpPOJIEpaMH, 110 BUKOPUCTOBYIOTh MPOTPaMHE OMUTYBaHHS. B 1ibomy
BUIMAJKY IMOCHJIKA TAHUX MOXKE MMOYMHATHUCS 13 CTAPTOBOI MPOLIEAYPH, SKa Oarato
noBiie, Hi 3Budaiianil curnan CTAPT, ane nae MOXIUBICTH MIKPOKOHTPOJIEPY
JPYroro THUITY MiArOTyBaTUCS J0 MOYaTKy nepeaayi.

[Ipouenypa crapty (puc. 1.33) cknagaerbcs 3

e Curnany CTAPT
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e baiita CTAPTY
e IMmynbcy miATBEpIKCHHS
e [loBropHoro curnany CTAPT
Benyuuii-nepenasau micis 3sudaitnoro curnany CTAPT nepenae Gait
CTAPTY (00000001). Bkaenuit MiKpOKOHTPOJIEp MOKE BIICTEKYBaTH JiHiI0 SDA
3 MEHIIOO YaCTOTOI0, MOKU HE BUSBUTH MOCTIIOBHICT 3 CEMH HYIIB, 1O CYTI -
HU3bKUI pisers Ha SDA BIpPOIOBK CEMH TAKTOBUX iMITyIIbCiB. TTicis
BUSIBJICHHS 111€1 ITOCII1IOBHOCTI MIKPOKOHTPOJIEP MOKE MEPEMKHYTUCS HA BUIILY
YaCTOTY ONUTY IIWHU, JJIsl TOTO, 100 BUsBUTH noBTOopHUM curHai CTAPT.
Anapatuuit npuitmau [2C ckuHeThCs Ipu MPUHOMI TOBTOPHOTO CUTHAITY
CTAPT 1 tomy npoiropye 6aiit CTAPTY.
[Ticns 6aitta CTAPTY renepyeThcsi TAKTOBUM IMITYJIBC AJIS MM1ATBEPKEHHS.
Bin npucyTHi# nuie st cyMicHOCTI 3 popmaTtom Oaiita. [Ipuctposim
3a00pOHETHCS MiATBEpKYBaTH nipuiioM O6aiita CTAPTY.

2

DURRAY
- ACKNOVWLEDGE
(HIGH]

T
[ |
| i
| |

wy
0
-
g
|
1
1
-
(==

9 | s |

1

Puc. 1.33. Ilpouenypa 6aiitta CTAPTY

Baiit CTAPTY

QdanbuBe MiATBEPHKCHHS (BI/ICOKI/Iﬁ craH JiHii SDA)
Curnan CTAPT (S)

Curnan nosropauiit CTAPT (Sr)

AN

JIEKIIIA 7
Cymicnicmos 3 CBUS

[Tputimaui CBUS moxyTh OyTH migkimtodeHi ao munu [2C, ane npu oMy mae

OyTu BBeaeHa Tpets JiHist DLEN, a OiT miaTBep)KeHHS HE BUKOPUCTOBYETHCSI.
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3azuyait nocwiku [2C cknagatotbes 3 8-61ToBux ciiB, Toai sik CBUS-cymicHi
IPUCTPOi MalOTh 1HIIHHA popmar.

V 3mimaniit mumHi [2C-cymicH1 TpUCTpoi HE TOBUHHI BIMOBIATH Ha MOCUIIKA
dopmary CBUS. Jlyis nporo 3ape3epBoBaHa creliaibia aapeca CBUS
(0000001X). ITicns mepenaui anpeca CBUS minis DLEN cTae akTHBHOIO 1
nocwinaetbes nani Gopmaty CBUS (puc. 1.34). Iicas curnamy CTOII Bei
IPUCTPOi 3HOBY TOTOBI MPUIMATH JaHi.

Benyui-nepenaBaui MoxxyTh nocuiatu fani B CBUS ¢gopmarti micist mOCHIKU
anpecu CBUS. Ilepenaua 3akinuyetbcest curaanom CTOII, po3nizHaBaHuM BciMa
MIPUCTPOSMHU.

3a3zHauumo, 1o Ko koHdiryparis muHa CBUS Bimoma 1 po3mmpeHHs
CBUS-cymicHux mpucTpoiB HE nepen0avyaeTsesi, KOHCTPYKTOPY J03BOJISETHCS
BCTAHOBIIOBATH yac yrpuManHs JiiHii DLEN, kepytounch KOHKpETHUMH BUMOTaMU

BUKOPHUCTOBYBAaHUX IIPUCTPOIB.

OLEM | ! ! ||
[P
L3l ] L Il ] L
START CBUS R ACK n —data hits CRUS
condition addresz 3 bit  related 5 addrezz B
chck pulze
1 2 2

4

Puc. 1.34. ®opmat nanux npu nocuikax 3 CBUS nepenaBauem/mpuitmauem

1. Curnan CTAPT

Anpeca CBUS

bit Hanpsimy niepeaaui R/W
CHHXpOIMITYJIEC TIATBEPHKEHHS
n OiT JaHUX

Curnan CTOII

ook own

Lioknouenns 12C npucmpois
Po3pizusitors [2C-nipucTpoi 3 (ikCOBaHMMU Ta 3aJIKHUMH Bl HAIIPYTH
BX1JTHUMU PIBHSIMHU.

BXxinHi piBHI BU3HAYaIOTHCS TAKUM YHHOM:
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e mymoBuil kopoH HU3BKOI'O piBus € 0.1 Bijg Hanpyru >KUBJICHHS
e 11yMOBHil KopAoH Bucokoro piBHs € 0.2 Big Hampyr# >KUBJICHHS
12C-nipuctpoi 3 gikcosanumu Bximaumu piBasiMu 1.5 B 1 3 B MoxyTh MaTn
CBOIO BJIACHY JKMBJISUYy Hanpyry. [[iATATY041 pe3ucTOpu MarOTh OYTH IMIAKIIOUEH]

1o mxepena 5 B £ 10% (puc. 1.35).

Mi02-4 g sanewsocTi pia nprerpon  (Hanp. 12 B)
gy =5V 10% \Tn

Vl:r:! \Tza
351 Eg H0S BiChiO5 chi0s

5D l l l |

SCL

Puc. 1.35. IlinknroyeHHs: OpUCTPOIB 3 (PIKCOBAHUM BXIJTHUM piBHEM 110 mnHU [2C

12C-ycTpoiicTBa 3 BXITHUMU PIBHAMU, 3A1E€HCHUMU 610 HANPYeU KUBJICHHS
MOBUHHI MaTH OJIHY 3arajibHy JIHIIO KUBJIEHHS, 10 IKOI TAKOX Ma€ OyTH

MIIKITIOYSHUN MATITYIoUni pe3uctop (puc. 1.36).

“pg = HapuKaan 3 B
. . L,
I [ | |
Rp R Chids Chids Chios chi0s

SOA 1 J. J. J.

Puc 1.36. IliakmtoueHHs: TPUCTPOIB 3 MIUPOKUM J1aNIa30HOM >KUBJICHHS 10 IIIMHUA

12C

Axio mpuctpoi 3 hiKCOBaHUM BX1THUM PIBHEM BUKOPUCTOBYIOTHCS CYMICHO 3
MPUCTPOSIMU 3 BIAHOCHUM BXIJTHUM PIBHEM, OCTaHH1 MalOTh OyTH MiIKJIIOYEHI JI0
OJIHI€1 3aranbHOT JiHii )kuBeHHS 5 B +£10% 1 mOBUHHI MaTH MiATATYIOU1

pesuctopu, miakaoueHi 10 SDA 1 SCL koHTakTaM sik mokazaHo Ha puc 1.37.
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“Wopza B BICHKHOCT] BII HPHCTPOR (Hanp. 12 B)

Wiy = 8w 2 10% “Wina Wi

i
! |

Re Rp

$DA l | l l

SCL

chios Chids [ Lnk: BIPOLAR

—1+—=

Puc. 1.37. [linkmroueHHs npucTpoiB 3 BimHOoCHUM (Vdd1) piBHEM BXiAHOT HANIpyTu

1 pikcoBanuM BxigHUM piBHeM (Vdd2-4) no mmnm [2C

J171st 3aXKUCTY BiJl BACOKOBOJBTHUX BUKU/IIB HAIPYTH HA JIHIAX IIHUHU
PEKOMEHJOBAaHO BKJIIOYATH MOCIII0BHO pe3uctopu Rs (Hanpuknan, 300 Om), puc.

1.38

DEMCE DEMICE R:H R:[

SCL

Puc. 1.38. [TocaimoBHi pe3uctopu Rs 115 3aXUCTy Bijl BUCOKOBOJIBTHUX BHKHU/IIB

Jlonosnenns 0o cneyughixayii wiunu 12C

[Muna 12C 13 mBuakicTio nepeaadi qanux 100 k6it/c 1 7-61TOBOIO aipecoro
icHye Bxe BposoBk 10 pokiB B He3MIHHOMY BUTJIsi1. KoHieniiis npuiiHsaTa
MOBCIOJTHO SIK CTAHJAPT JIJIsi COTEHb TUITIB MIKPOCXEM, 110 BUITYCKAIOThCS (PipMOIO
Philips 1 inmmumu nocravansHukamMu. OHak po3BUTOK [2C pUCTPOiB IPU3BIB 110
TOTO, IIO:

Hogi 3acTocyBanHs MOTpeOyIOTh MEPECUIIKH BETMKUX 00'eMiB iH(hOpMaITii,
OT>Ke MOTPi1OHA BENMKA MPOMYCKHA CIPOMOXKHICTh IMHU. [TokpantyBana
TEXHOJIOT1s] BUPOOHMIITBA MIKPOCXEM J03BOJIMIIA B YOTUPH pa3u 301IbIIUTH

MIBUKICTH Mepeadi TaHux 06e3 3MiHH cOO1BapTOCTI BUPOOY.
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binpuricts 3 112 aapec, nonyctumux npu 7-01TOBIM aapecarii, Byke 0yiu
BUKOPHCTaHI OUTBII HIXK OAMH pa3. [ 3ano0iranns npodiemMam 3 po3MilIeHHIM
aZipec HOBUX MPUCTPOiB, Oa)KaHO MAaTH OUIbIIY KUIBKICTh JIPECHUX KOMOIHAITIN.
JHecatupazoBe 30UIbIICHHS KUIBKOCTI JOCTYITHUX apec OTPUMAHO IIPU
BUKOpHCTaHHI HOBO1 10-61TOBOI aapecarti.

B nanuit yac cnenudikariis muau [2C 10moBHEHA HACTYITHUMU MOJIOKEHHSIMU:

o [lIBuakuii pexxum, IO T03BOJISIE€ B YOTUPH Pa3u 30LIBIIUTH MIBHIKICTh
nepeaadi JaHux

e 10-6iToBa aapecarris, 1110 103BOJIsIE BUKOpHCTOBYBaTH 1024 mogaTKOBUX
azpec

Bce HoB1 npuctpoi 3 12C iHTepdeiicoM npamioTs B MBUAKOMY PEKUMI.
[TepeBakHO, BOHM TIOBMHHI BMITH NPUUMAaTH 1 IepeAaBaTH J1aHi Ha mBuakocTi 400
kO1T/c. SIKk MIHIMyM BOHU MarOTh OyTH 3JaTHI BXOJIUTH B CUHXPOHI3ALIIO B
HIBUIKOMY PEXUMI, 3 TUM 20U OHU3UTH MIBUAKICT Nepeaadl (IUIIXomM
nonosxxkenHs HU3bKOI'O nepioxy SCL) no nomyctumoi Benmunnu. LIBuaki
PUCTPOI MAKOTh OYTH CYMICHI «3HHM3Y», III0 03HAYAE iX 3/IaTHICTh MPALOBATH 13
CTaHJAAPTHUMHU MIPUCTPOSMH T10 TTOBUTHHIN IIHHI.

BoueBup, 1110 cTaHAApTHI MPUCTPOI HE 3/IaTHI MPAIIOBATH B IMIBUJIKIHN IIHHI,
TOMY 110 BOHH HE MOXYTh CHHXPOHI3yBaTUCS HAa BUCOKIM IIBUJIKOCTI 1 iX CTaH
CTaHe HeTepe10aqTyBaHUM.

BeneHi mBUIKI MPUCTPOi MOXKYTh BOJIOAITH sIK 7-01TOBOIO, Tak 1 10-01TOBOIO
anpecoto. [Ipote, 7-61TOBa afpeca nepeBaXkHiIIa, OCKIJILKU HOTo anapaTrHa
peaizarlis mpocTiia i JOBKHHA IMTOCUIKH MEHITIA.

[Ipuctpoi 3 7-6iToBoto 1 10-61TOBOIO agpecaMu MOKYTh OJTHOUYACHO
BUKOPHCTOBYBATHCS HA OJIHIN LINHI, HE3aJIEKHO BiJ] IIBUIKOCTI Mepeaaul.

. Illsuoxuu pescum

VY mBHAKOMY peKUMI IPOTOKOJI, (hOopMaT, JIOT1YH1 PiBHI 1 MAKCUMAaJIbHE
€MKICHE HaBaHTa)KCHHSI JIIHIA IWHU 3aJUIIAETHCS HE3MIHHUM. 3MiHU B

crienndikarii Taki:
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e MakcumanbHa IIBUJKICTD Mepenaadi 3pocia a0 400 k6it/c;
e He Bumaraetscst cymicHocTi 3 CBUS-npuctposiMu, OCKiIbKd BOHH HE
MOKYTh TIPAITIOBATH Ha BUCOKHUX IBUIKOCTSX;
e BxigH1 JaHIIOTH MIBUIKKUX IPUCTPOIB MMOBUHHI MaTH BOyI0BaHE
NpUAyIIeHHS BUKUIIB 1 Tpurep IlImiTra Ha 000X JIHIAX;
e Buxiagauii 6ydep MmBUIKUX TPUCTPOIB MOBUHEH MATH KacKal 3
YIPABIIHHAM 4acoM 3aHboro GppounTty miHid SDA 1 SCL;
SKIo JKepesno HanpyTry SKUBJICHHS MIBUJIKUX MPUCTPOIB BUMUKAETHCS, JIHIT
MOBUHHI IEPEXOAUTH B TPETIH CTaH.
30BHIIIHI MATATYIOY1 TPUCTPOT, MIAKIIOYEH]1 10 JiHIN IIUHA MalOTh OyTH
3MiHEH]1 JJi 3a0€3MeYeHHS I0MyCTUMOT0 Yacy HapOCTaHHs MEPEAHBOTO PPOHTY.
Jlns HaBanTaxeHs mmHA 10 200 nd e niATATYIounid IPUCTpPiil Moxke OyTH
IIPOCTUM PE3UCTOPOM, a i HaBaHTakeHb BiJ 200 nd no 400 nd 1e Mmae OyTu

JoKepeno ctpymy (3 MA MakcuMyM) a00 cxeMa Ha EPEMHUKAaHUX PEe3UCTOpax.

10-6imosa aopecayis

10-6itoBa aapecarris He MiHs€ hopMaT MUHU. J[JI51 ITOTO BUKOPUCTOBYETHCS
3ape3epBoBaHa ajapecHa komOiHamisg 1111 XXX mepmmx cemu OiT mepioro Oamra.
10-6iToBa aapecarlris He BIUTMBAE Ha iICHYIOUY 7-01TOBY ajapecariito. [Ipuctpoi 3 7-
6iToBOIO 1 10-61TOBOIO aapecalli€ro MOXKYTh OyTH MIIKIFOYEHI IO OJTHIET IIIUHH.

Xoua € BiciM MOKJIMBHX KOoMOiHaIii mociigoBHocTi 1111XXX, 3 Hux
BUKOPUCTOBYIOTHCS Jiniiie 4oTupH - 11110XX. Kom6Oinamii tuna 11111XX
3ape3epBOBaHI JIJIsl OJATBIITUX YAOCKOHAJICHD IITUHHU.

10-6itoBa agpeca popmyeThes 3 mepimx ABoX OaiTiB. [lepmr cim 6iT meproro
OaiiTa € koMOiHamiero Burisany 11110XX, ae aBa monoamux 6ita (XX) € nBoma
crapummi (9 1 8) 6itamu 10-6iToBOT agpecu; BocbMuil OiT mepioro OaiTa - 61T
Hanpsmy. “Hynp” B ibomy OiTi 03HaYae, 1110 BeAy4Yuid 30MpaeThCs 3aMucyBaTH
iH(opMaIIito y BeIEHOT0, a “OJUHULIS - 1110 BEAY4YUuil IPOUUTYBaTUME

1H(pOpMALiO 3 BEICHOTO.
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Ski1o 61T HANPsAMY JOPIBHIOE “HYJIIO”, TO IPYyTrUi OAUT MICTUTh MOJIOAMI 8 OIT
10-6iToBoi aapecu. SAkuio 61T HanpsIMY JOPIBHIOE “OJIMHUII’, TO HACTYITHHUI OalT
MICTHUTh JaHi, IepeaaHi 3 BEACHOTO BEIyIOMY.

MoxnuBi pi3Hi koMOiHati popmartiB 10-01TOBUX MOCHUIIOK:

1) Ilepedaua oanux 6i0 sedyuoeo 0o sedernomy. (puc 1.39.). Hampsm
nepecwiiku He MiHseThes. Komu 3a curnasiom CTAPT 3'siBnsieThes movatok 10-
01TOBOT aJipecH, KOXKEH BEeJICHUI Ha IIUHI MOPIBHIOE MepIIi ciM OIT mepiioro Oaira
31 CBOEIO BJIACHOIO aPECOI0 1 YIIEBHIETHCS, 10 OIT HaMpsIMy JIOPIBHIOE “HYIIIO”.
JlomycTruMo, 1110 OB, HiXK OJUH IPUCTPINA BUSBUIIM 301T 1 3T€HEpyBaIu CUTHAI
niareepkeHHs (Al). Bei BeneHi 3 aapecamu, 110 301MHCs, TPOIOBKYIOTh
MOPIBHIOBATH MOJANbIII § OIT aapecH, 1 JTUIIEe OJUH MPUCTPINA BUSBIISIE 301T 1
reHepye miaTBeppkeHHs (A2). Lel npucTpiit 3ayuinaeTbcsi BUOPpAHUM, IOKH

Benyunid He nonuie curHan CTOIT abo curnan nosropaoro CTAPTY 3 iHmoro

aapecCoro.
111 10x % 0o Al | A2 4
5LAE ADORESS SLAE ADDRESS B
‘s| WE ADDR ‘R.IW|A‘ WE A0DR! ‘A|DATA‘AL_JDATA|AI’E’)
1 11110 %K% 0
(NRITE) _
SLAE ADDRESS SLAVE ADORESS
2 5r /E ADDR |R.IW‘A| WE ADDA! ‘A‘IJATA|A|_‘DATA‘AI’R‘P‘
5 1 5 | 3 4 B
(MRITE)

Puc. 1.39. Beayunii-nepenaBau agpecye BeneHoro npuitmada 10-6iToBotro

aapecoro

1. Anpeca Benenoro (neprri 7 6iT)
2. 3amuc R/W =0
3. Anpeca BeneHoro (qpyruii 6aiT)

2) Ipuiiom 0anux eedyuum 6i0 eedeno2o. Benyuunit-npuiiMad mpuiiMae aHi Bij
BEJICHOTO NiepenaBayda. HampsiM nepenadl MiHSI€TbCS MICIsl PYroro 0iTa Hanpsmy
(puc. 1.40). [Iponeaypa iICHTUYHA BUIIICOTTUCAHIN 10 MOMEHTY APYTroro
niaTBeppkeHHs (A2). Jlani nepenaerbes curnan nosropuoro CTAPTY. Bubpanwmii
BEJICHUI naM'saTae, 110 OyB ajpecoBaHuii pauime. [lei BeaeHu mopiBHIOE NepIii

ciMm OIT azpecu 31 CBOEIO aJIPECOI0, @ TAKOXK YNEBHIETHCA, IO OIT HANIPSIMY
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nopiBHIOE “onunuIl’”. ITpu 30iry BeeHHi BBaXKae, 1110 BiH aIpeCOBAHUM SIK
nepeaaBad i reaepye miaTBepkeHHs (A3). Benenwnii mepenaBay 3aauIacTbes
aapecoBanuM 1o npuxony curnainy CTOII a6o curnany nosropuoro CTAPTY 3
11010 aapecoto. Ilicns curnany nosropHoro CTAPTY Bci iHIII TPUCTPOT TAKOK
MOPIBHIOIOTH MEPIIT CiM OIT 31 CBOEIO aPECOI0 1 MepeBipsArOThH OiT HanpsmMy. [IpoTe,
’KOJTHE 3 HUX HE aJPEeCy€eThCs, OCKUIBKH OIT HANpsAMY JOPIBHIOE “OMUHUIN (11

10-6iToBUX pUCTPOIB), a00 TaKoi aapecu He icHYE (It 7-01TOBUX MPUCTPOIB).

111 10%xx% o Al A2 4
SLAE ADDRESS SLAE ADDRESS )
|s‘ WE ADDR |R.-W|A| WE A0 DR ‘A|QATA‘A‘_||:NA‘M
1 | 3
(WRITE) 11110 % X 1
SLAE ADDRESS )
2 5r /E AD DR |RIW|A‘DATA|A|_‘DATA|H|F‘
5 1 | 7

b (READ)
Puc. 1.40. Bengyunii-npuitmayu aapecye BeneHoro nepeaaBaya 10-0iToBoro

aJIpecoro

Anpeca BegeHoro (mepiri 7 0iT)
3anmc R/W =0

Anpeca BefieHOTO (Ipyruii 6aiT)
Jani

Curnan nosropuuiit CTAPT

Anpeca Benenoro (mepuri 7 OiT Ta OiT yntaHas R/W =1)
Curnan CTOII

NoobkwhE

3) Kombinosanuii popmam. Benyunii mepenae naHi BeICHOMY, a TIOTIM YUTa€e
JaH1 3 bOTo X BeaeHoro (puc 1.41). OquH Beayuunii 3aiiMae MUHY Ha BECh Yac

nepecwiiku. Hanpsim nepecuiiku MiHsI€THCS TICHs APYroro 01Ta HanpsIMy

i 4
5 -BIT rr | a [ oeta | a | [ oata | am
SLA/E ADDRES S )
1 2 3 (INRITE) 111 10 K X o
15t 7 BITS OF 10-BIT 2nd BYTE OF 10-BIT B
5 SWEMDRESS|W|ﬁ‘SWEﬁDDRESS ‘ﬁ‘mm‘ﬁ|_‘mm‘%""
5 B 3 | 7 4 5

DRTE

Puc. 1.41. Komb6inoBauuii ¢popmat. Benyunii anpecye Benenoro 10-6iToBoro

aapecoro, MOTIM Tepeaae HoMy AaHi 1 mpuiiMae 3 HbOTO JIaHI.
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Crapt

Anpeca BeneHoro (miepii 7 01T)
3anmc R/W =0

Jani

[TosTopHuit CTAPT

7 uu 10 OiT BeneHoro

Hpyruii GaiiT agpecu BeeHOTO
CTOIl

LN akwdE

Komb6iHoBaH1 opMaTt MOKYTh OYTH BUKOPUCTAH1, HAIIPUKIIAJ, IS
yIpaBJIiHHS MOCIII0BHOIO aM'aTTro. [1i gyac mepioro 6aiiTa 1aHUX MOKHA
nepeaBaTH aipecy Mmam'sTi, sika 3aluCy€eThCs y BHYTpIIIHIN perictp. [licns
nostopeHHst curHaity CTAPTy 1 anpecu BeneHOTo BUAAIOTHCS JIaH1 3 TaM'sITi.

JIEKIIA 8

JBonpoBinnuii nocainouuii intepdeiic TWI (Two Wire Interface)

OcHnosHni xapaxmepucmuku inmepgeticy TWI

JIBonpoBinnuii nociigoBuuii inTepdeiic (TWI) cymicHuit 3 mporokosiom 12C
komrianii Philips. Ileit munnuii inTepderic 6yB po3poOaeHuit A opraxizariii
MIPOCTOT0, HAAIMHOTO 1 HEIOPOTOro 3B'SI3KY MIXK IHTETPAJIbHUMU CXEMaMU B
€JIEKTPOHHUX NpUCTPOsiX. CHiibHUMU cTOpOoHaMH IKMHU TWI € MOKITUBICTD
aapecartii 10 128 MikpocxeM Ha OJIHIN MIKH1, apOITPak 1 MOXKJIMBICTH POOOTH
JEKUIbKOX BEIyYUX NPUCTPOIB (MANCTPiB) HA OAHIN IIMHI.

Amnapatuuit Moayns TWI BxonuTh 10 ckinamy 6araTboXx MiKpOKOHTPOJIEPIB
AVR.

OCHOBHI XapaKTEPUCTUKH JABOMPOBIAHOTO 1HTEp(dENCY HACTYIIHI:

o ['Hyukwmii, mpocTHii, aje mpu NbOMY €(PEKTUBHUIN MOCIITOBHUMN

KOMYHIKaIiitHu# iHTepdeiic, Mo BUMarae Juiie JBl JiHi1 3B'SI3KY;

e /-po3psaHa aapecarlis, I0103BOJISIE MIAKIIOUUTH 10 UHU 10 128 migeraux

IIPUCTPOIB;

e IligTpumka GaratomaiicTepHOro apOITpUpyBaHUS;

e MoXIuBICTh 0OMEKEHHS IBHUAKICTI 3MIHU CUTHAJIIB HA BUXOJaX JIpaiBepiB ;
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e [ligBuIiye CTIMKICTH O BUKH/IIB Ha JIHISAX ITUHU 3aBISKH POOOTI CXEeMHU
3aBaIOTIPUAYIIICHHS;

e [IporpamoBana aapeca /IS IMiAJIETIIOTO PEKUMY 3 IMATPUMKOIO 3aTaIbHOTO
BUKJIHKY;

e [IpoOymKkeHHs MIKPOKOHTpOJIIEpa 3 PEXKUMY CHY MPU BU3HAYEHH1 3aJIaHOT
aJpecy Ha IIHHI;

e Ci-kon apaitBepa s Beaydoro TWI;

e CymicHicTsb 3 ipotokosiom [2C kommanii Philips;

e BukopucranHs anapatHoro moxyiist TWI;

o [lepenada 3 BUKOPUCTAHHSIM TIEPEPHBAHD;

e [IligTpumka crangaptaoro 100 k601 1 mpuckopeHoro 400 k60 peKUMIB.
Busnauenns wiunu TWI
JBonpoBinnumii nociigouuii inHTepdeiic TWI Bupiniye Tumosi 3aja4i 38’ 3Ky B

MikpokoHTpoJiepi. [Ipotokosn TWI qo3Bosisie mpoeKTyBalbHUKOBI CHCTEMH 30BHI

3B's13aTH 10 128 pi3HUX MPUCTPOIB Yepe3 ABOMPOBIIHY IIUHY, /1€ OJHA JIHIA - JTHIA

cunxponizaiii SCL 1 onHa - miHisg nanux SDA. Jlns peanizaniii A HEOOX1THUM

PE3UCTOP, IO MIATATYE 10 TUIFOCA KUBJICHHS, HA KOXKHIW JiH1T uHu (puc 1.42.).

Bci npuctpoi, sKi miaKiIoueHi 10 MWHA, MAl0Th CBOIO 1HAMBIAYalbHY aipecy, a

MEXaH13M BU3HAYEHHS BMICTY IIMHU MIATPUMYETHCS poTokonioM TWI.

¥
pl=r

Hpuerpiit || Hpucrpiin 2|| Hpuerpii 3| - | Hpaerpii n R2

.-_.\
II'_.I
&
Y

Puc. 1.42. 3o0BHInIHI miakiroYeHHs 10 muHn TWI
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Bukxopucmanns mooynsa TWI sax eedyuoeo inmepgheticy 12C

Monayns TWI cknanaetses 3 aekinbkox miamoayiiB (puc. 1.43). Bei perictpw,

K1 BUIUICH] )KUPHOIO JIIHIEI0, TOCTYMHI Yepe3 IIUHY JaHUX MIKpOKOHTpOJIEpa.

Fepypaemen (Einerp zapammo- e e
[la 5200 8 e E— Jla =20 .
P Ip o TIp T e HELT
Enok wwHHoro iHTepdeidcy MeHepaTop WenakocT
Fizpiy B 3HHA WO E 3MH MpMHIYEHHA 2aEam Tepemrimson:
CTAPT/CTON
l]————
Apbitpax percTp 2C¥EY ACE-nig- PericTp weHAkaCT
anpecalaaHHks [TIDR) TEEPEEHHA zE'Azcy (TUWBR]

;

Enox EMAE NEHHA afapecH

|FericT|:- aapecH (TUAR] I

Komnaparop aapecu

; :

Bnok kepyEaHHA

ParicTp crany PericTp kepy EaHHA
o E— (TSR] (TG R

Kepy B3HAA UWppoEHM 3ETOMATOM
T3 GTaHOM

Bnok T

Puc. 1.43. ®ynkuionansHa cxema moaysst TWI

Cxema MICTUTB:

e npaiiBepu BuBOJZiB SCL if SDA;

e (QJIOK reHepaTopa MIBUAKOCTI 3B SI3KY;

0JI0K MMHHOTO 1HTEepdeiiCy;
OJIOK BUSIBJICHHS aJIpECH;

0JIOK KepyBaHHS.

/Jlpaiieepu eueoodie SCL it SDA

BuBonu SCL ta SDA 3B's13y10Th IBONIPOBIIHMM iHTEp(DEIC MIKPOKOHTpOJIEpa 3

IHIIMMH MIKpOKOHTpOJIEpaMH B cucTeMi. JpaiiBepu BUXO/IIB MICTATh 0OMEXKyBay
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IIBUJIKOCTI 3MiHU ()POHTIB 1711 BUKOHAHHS BUMOT 10 TWI. BxigHi kackaau
MICTATH OJIOK MPUAYIICHHS 3aBajl, 3aBJAaHHS SKOTO MOJISATae B ITHOPYBaHHI
IMITYJIbCIB TpHBaicTiO MeHIe 50 He. [1o KOXKHOT 3 KX JIHIA MOXKHA i IKITIOYUTH
BHYTPIIIHIN MATATYIOYUH pE3UCTOP HUIIXOM ycTaHOBKH po3psaiB PORTD.0
(SCL), PORTD.1 (SDA). Bukopuctanus BOy10BaHUX MiATATYIOUUX PE3UCTOPIB Y
PAll BUTIQJKIB JO3BOJISIE€ BIIMOBUTHUCS BiJ BXKMBAHHS 30BHINTHIX.

bnok zenepamopa wieuoxocmi 36 ‘a3Ky.

Januii 6510k ynpasiisie nepiogoM iMiyibciB SCL B pesxumi BeIy4oro
npuctporo. [lepion SCL 3anaetnes perictpom mBuiakocti TWI (TWBR) 1
3HAYEHHAM OITYy YIpaBJiHHA NepeaauibHukoM B perictpi ctany TWI (TWSR). ¥
M1JIETIIOMY PEXKHUMI 3HAaYEHHS IIBUIKOCTI 400 YCTAaHOBKH NEpEIIIIbHUKA HE
BILUIUBAIOTh HA pOOOTY, aje 4yacToTa CHHXpOHI3alii mijyerioro npuctporo (MK)
Mae OyTu MiHIMYM B 16 pasiB Buuie 3a yactory SCL. ITigierai mpucTpoi MoxXyTh
MOJIOBXKYBATH TPUBAIICTh HU3bKOTO piBHS Ha JiHII SCL, THM caMuM 3MEHIIyI0Yn
cepeanto yactoty cunxponizaiii mman TWI. Hacrora SCL Bu3HavaeThes SIK:

1
16 + 2- (TWBR)- 475’

fscz =

Y - yacrora KBapuoBoro reaeparopa MK;

TWBR - 3nauenns perictpa mBuakocti TWI;

TWPS - 3nauenns 6iTiB nepenaiabHuKa B perictpi crany TWIL

bnok wmuunnozo inmepdgeiicy.

Jlanuii 6510k MiCTUTB pericTp 3cyBy aapecu i qanux (TWDR), konTponep ymoB
CTAPTa/CTOIla i cxemy ap6iTpaxky. Perictp TWDR mictuth nepegaBanuii 6aiT
aapecu abo naHux, ado NpuiHATHI OalT aapecu ado nanux. OKpiM 8-po3psaHOTO
perictpy TWDR, 1o cknagy 610Ky IMHHOTO 1HTEpQEiCy TaKOK BXOIUTH PETICTP,
110 30epirae 3HaueHHs MepeaaBaHoro ado MPUHHATOro 0iTa MATBEPAKCHHS/HE
migrBepmkenHs (A/A). Jlo JaHOTO pericTpa HeMae NpsIMOTO JOCTYITy 3 OOKY
nporpamMHoro 3abesnedeHns. [Ipore mig yac npuiiomMy BiH MOKE BCTAHOBITIOBATHCS

a00 CKUJATHCS MIJIIXOM MaHimyJsiii 3 perictpom yrpasiiaass TWCR. V pexumi
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TnepeaBaya 3HAYE€HHs IPUMHATOr0 0iTa A/A MOXKHA BU3HAYUTH 3a 3HAYEHHAM
perictpa TWSR.

Koutponep CTAPTa/CTOIla BianoBijae 3a reHepalio 1 I€TeKTYBaHHS YMOB
CTAPT, IIOBTOPHUI CTAPT i CTOII Konrponep CTAPTa/CTOIla no3Boise
BusiBuTd yMOBU CTAPT 1 CTOII, HaBiTh SKII0 MIKPOKOHTPOJIEP 3HAXOAUTHCS B
OJIHOMY 3 PEKUMIB «CHY». L{luM 3a0e31meuyeTbcst MOKIUBICTh MTPOOYI>KEHHS
MIKpOKOHTPOJIEPA 3a 3alIUTOM IIIMHU BiJ] BEJACHOTO.

Axmo TWI inimiroBaB nepenauy sik BeIy4uii, TO cxema apoiTparpKy
0e3nepepBHO KOHTPOJIIOE NEpeIavy, BU3HAYAIOUU MOMKIIUBICTD MTOAAJIBIION
nepenayi. ko TWI Brpauae apoutpax, To 0J10K GopMye BIAMOBITHUN CUTHAI
OJIOKY YIIpaBIiHHSA, SKMH BUKOHYE aJIEKBATHI JIii 1 TeHEPY€E BIAMOBIAHUIN KO/ CTaHy.

bnok eusenenna adpecu.

biiok BUSIBIEHHS ajpecy NepeBipsie Yd piBHA MPUITHATA aJpeca 3HAYECHHIO 7-
po3psiaHoi aapecu 3 perictpa TWAR. Skiio BcraHoBieHU# 01T 103BOTY
BusiBiieHHs 3aranbHoro BUKIMKY TWGCE B perictpt TWAR, To Bci BXi/1H1 aipecHi
O1TH 1I0ATKOBO MOPIBHIOBATUMYTHCS 3 JJPECOI0 3aTalIbHOTO BUKIIMKY. [Tpu
aJpecHOMY 301y TOJIa€ThCS CUTHAJ OJIOKY YIpaBJIiHHS, IO JO3BOJISIE BAKOHATH
oMy HeoOX1H1 a1i. 3anexHo BiJ yctaHoBKH perictpa TWCR nigTBepaxeHHs
aapecu TWI Moxe BinOyBaeTbcs a00 Hi. biok BUSBICHHS aapecu 30aTHUN
(yHKI10HYBaTH HaBITh, KOJU MIKPOKOHTPOJUIEP NMEPEBEACHUIN B PEKUM «CHYY,
TUM CaMUM JIO3BOJISIIOYHN BITHOBUTH HOPMAJILHY pOOOTY MIKPOKOHTpOJIEpa T0
3aluTy BiA MaiicTpa muHU. SKimo npu aapecHomy 30iry TWI B ekoHOMiYHOMY
peXUMI MIKPOKOHTpOJIEpa, BUHUKAE 1HIIE nepepuBanHs (Hanpukiag, INTO), To
TWI mpununsie po6oTy 1 moBepTaeThes 10 cTany xojoctoro xoxy (Idle). Axmro
BUHUKHEHHS JaHOTO e(peKTy HebaxaHe, TO HEOOXITHO CTEeKUTH, a0u 1] 4ac
BUSIBJICHHS aJipecallii, KOJIU MIKPOKOHTPOJIEP 3HAXOAUTHCS B PEKUMI BUKITFOUCHHSI
(Power-down), OyJ10 103BOJICHO JIUIIIEC OJHE ITEPEPHUBAHHSI.

bnok kepysanns
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bnok kepyBanHs crioctepirae 3a muHoto TWI 1 reHepye BIATYKH BiIOBITHO
10 yctaHoBoK perictpa ynpasiinas TWCR. SAxmo va mmai TWI BuHMKaE omis,
sKa BUMarae yBaru 3 00Ky Mporpamu, TO BCTAHOBJIIOETHCS TIPANOP MEPEePUBAHHS
TWINT. HacTynmHuUM TaKTOM OHOBIIOE€THCS BMICT perictpa crarycy TWI - TWSR,
B SIKOMY OYy/Ie 3almMCaHuil KO/, 10 iIeHTH(]iIKye BUHUKITY moito. JlaHas
iH(popmartis 30epiraerbest B TWSR nuiiie Toai, Koy BCTaHOBJICHUH Mparop
nepepuBanHs TWI. B perictpi TWSR mictutbes cnenianbamii koj crany. 1o Tux
nip, moku BctaHosyienuit npanop TWINT ninia SCL 3anumiaeTbcsi B HU3bKOMY
ctaHi. [{lum 3a6e3neuyeThbcsi MOKITUMBICTD 3aBEPIIUTH IIPOTrpami BCl 3aBAaHHS TIEpel
MIPOJOBKEHHSM CEaHCy 3B'A3KY.
e [Ipanop TWINT BCTaHOBIIOETHCS B HACTYITHUX CUTYaIIisIX:
e TIlicns nepenaui ymosu CTAPT/ITIOBTOPHUI CTAPT;
e [licnsa nepenadi agp BelEHOTO+UUTAHHS/3AINC;
e [licnsa nepenaui agpecHoro Oaira;
e [licns BTpaTu apOITpaxky;
e [licns Toro, ssk TWI agpecoBanuii BIacHOO MiAJIETIION0 aapecoro ado
3arajbHUM BUKJIMKOM;
e [licnsa mpuitomy OaiiTa 1aHUX;
e Tlicns npuitomy ymosu CTOIT a6o IOBTOPHMIL CTAPT B pesxumi
ajapecarrii BeJeHOro;
e [licns BUHMKHEHHS MOMUJIKY YHACHIIOK HeKopeKTHOi ymoBU CTAPT
abo CTOII.
Onuc pezicmpie TWI

Dopmam pecicmpy weuoxkocmi 36 ’a3ky TWBR HacTynmHU:

Po3psin 7 6 5 4 3 2 1 0
TWBR | TWBR | TWBR | TWBR | TWBR | TWBR | TWBR | TWBR
7 6 5 4 3 2 1 0
Yur./3amuc Yur./3 | Yur./3 | Ywur./3 | Yur./3 | Ywur./3 | Yur./3 | Yur./3 | Yur./3
II. II. II. II. II. II. II. II.
Bux. 0 0 0 0 0 0 0 0
3HAYEHHS
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TWBR 3anae koedimieHT AUICHHS YaCTOTH T€HEpaTOpa MIBUJIKOCTI 3B'SI3KY.
['eHepaTop 4acTOTH MIBUAKOCTI 3B'SI3KY - JUIBHUK YaCTOTH, IKUN (POpMY€E CUTHAIT
cunxpoHnizaiii SCL B pexumax "Bemyunit".

Dopmam pecicmpy ynpasninna wiunoro TWCR HaCcTyIIHHIA:

Pospsin 7 6 5 4 3 2 1 |0

TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - TWIE
Yur./3ammmc Yr./3n. | Ur./3m. | Yr./3o. | Ur./3m. | Ur. Yr./3no. | YUr. | Ur./3m.
Bux. 3Hauvenns | 0 0 0 0 0 0 0 0

Perictp TWCR npuznauenuii Ay ynpasmiaas pooororo TWI. Bin
BUKOPHUCTOBYETHCS 1715t 103BoTy podotr TWI, jutst iHiIaIii ceancy 3B's13Ky;
yMoBH, 110 Bege 10 renepaiiii CTAPT Ha mumH1; 1715 reHepanii miaTBepKeHHS
npuitomy; juist renepartii ymosu CTOII 1 1151 OCTaHOBKM IIMHU TI1]] 4ac 3aucy B
perictp TWDR. Bin Takox curHamizye npo cnpo0y mOMHIKOBOTO 3aIKCy B
perictp TWDR, konu goctyn 10 HbOro OyB 3a00pOHEHUIA.

Pospsan 7 - TWINT: IIpanop nepepuBanus TWI.

JlaHuii 01T BCTAaHOBIIOETHCS anapaTtHo, ko TWI 3aBepiirye moTouHe
3aBaaHH 1 yekae peakxiii nporpamu. fAximro 6it I B SREG 1 611 TWIE B TWCR
BCTAHOBJIEH1, TO MIKPOKOHTPOJIJIEP MEPEXOIUTh Ha BeKTOp nepepuBanns TWI.
Jlinis SCL 3anuiaeTscs B HU3bKOMY CTaH1, TOKKU BcTaHOBJIeHUM nparop TWINT.
[Tpanop TWINT ckumaeTbcst mporpaMHO MIISTXOM 3aMUCy B HHOTO JIOTTYHI 1.
Jlanuii mpamnop CKUJAETHCS HE aBTOMATUYHO TIPH IMEPEXO0/Ii Ha BEKTOP
nepepuBaHHs. Takox MOTpiOHO BpaxyBaTH, 110 CKUIAHHS JAHOTO Iparnopa
MPUBOAUTH 110 BigHOBICHHS poboT TWI. 3 1bOro BUXOIUTH, 1110 IPOTPAMHE
CKHMJIAHHS JAHOTO Iparnopa HeoOX1THO BUKOHATH MICIIs 3aBEPIICHHS OMUTY
perictpiB TWAR, TWSR 1 TWDR.

Pozpsin 6 - TWEA: BiT m03Boiy miaATBEpIKEHHS.
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bitr TWEA kepye renepaiiieto imiynbcy niarsepmkerss. SAkimo B 6it TWEA
3anucana Jior. 1, To immynsc [IIITH renepyersest na muni TWI, sikio
BUKOHYETHCS OJIHA 3 HACTYITHUX YMOB:

e [lpuiinsta BnacHa mijJieria ajpeca;

o [lpuiinaruii 3aranbHUl BUKIUK, Koiu BctaHoBieHuit 6it TWGCE B
perictpi TWAR;

o [lpuiinsatuii 6aliT TaHUX B PEKUMI BEAYy4Oro MpuiiMada abo BEIEHOTO
Ipuiimaya.

3armmc jor. 0 B 01Tt TWEA no3BoJisi€e THUMYAaCOBO BIIKIIOUYUTHCS Bl
JBOMPOBIAHOI MOCIIAOBHOI IUHU. J[J1s1 BITHOBJIEHHS pO3II3HABAHHS aipecu
HEOOX1JHO 3amucaT B JaHui O1T jor.1.

Pospsin 5 - TWSTA: bit ymoBu CTAPT.

[IporpamicT MOBHHEH BCTAHOBUTH JIAaHWK OIT MpHU HEOOX1THOCTI CTATH
BEJly4UM Ha JBOMPOBIAHIN nocaigoBHiM mmHI. TWI nepeBipse JOCTYNHICTb LIUHU
1 reHepye yMmoBy CTAPT, sixmio munHa BinbHA. [IpoTe sikino mmHa 3aitHsiTa, TO
TWI yekae nosisu ymoBu CTOII, a notim renepye HoBy yMmoBy CTAPT nst
nepexorieHHs ctany Beaydoro muHu. TWSTA HeoOxigHe CKuaaTH TPOrpaMHO
nicnst nepenayi ymosu CTAPT.

Pozpsin 4 - TWSTO: bit ymosu CTOIL

VYcranoBka 6ita TWSTO B pexxumi Beay4oro npu3BOAUTH 10 TeHEpallii yMOBU
CTOII na nBonpoBiHIM NOCTIAOBHIN MIMHI. SIKIIO Ha IIWHI BUKOHYETHCS YMOBa
CTOII, to 6iTr TWSTO ckumaerbcsi aBTOMAaTUYHO. Y PEKUMI BEIy4OTO YCTaHOBKA
6ita TWSTO Moxe BUKOPUCTOBYBATHUCS AJIsl BUXOY 3 YMOBH NMOMMIKH. B 1bomy
Bumnajiky ymoBa CTOII ne renepyethcs, ane inrepdeiic TWI nosepraeTsest 10
0e3a[pecHOro peXxuMy Beaydoro 1 nepeBoauth JiHii SCL 1 SDA B
BHUCOKOIMITETAHCHHUI CTaH.

Pospsin 3 - TWWC: IIpanop noMHIKOBOTO 3aMuCYy.
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bitr TWWC BcTanoBmt0€ThCA ITpU cipoOi 3anucy B perictp aanux TWDR,
ko TWINT mae Husbkuit piBenb. [Ipamnop ckumaeTscst mpu 3amuci perictpa
TWDR, komu TWINT = 1.

Po3zpsin 2 - TWEN: bit no3Bony po6otu TWI.

bir TWEN no3Bonsie poboty TWI 1 aktuBizye inrepdeiic TWI. Sxmio 6it
TWEN Bcranosnenuit, To TWI 6epe Ha cebe QpyHKIIIT ynpaBiiHHS JIHISIMU
BBeneHHA-BuBeAeHHS SCL 1 SDA. [Ipu upboMy 103BOIsIETbCA pOOOTa OOMEKYBaUiB
IIBUKOCTI 3MiHU (PPOHTIB 1 (PUIBTPIB 3aBaONPUIYyIICHHS. SKII0 nanuii 01T
nopiBHIo€e HyI0, To TWI BijkitouaeTses 1 BCi nepeadi NpUIuHIIOTHCS
HE3aJIEKHO BiJ] CTaHy POOOTH.

Po3zpsin 1 - PesepBHuii Oit

Jlanuii OIT € pe3epBHUM 1 IPOUUTYETHCS K 0.

Po3zpsin O - TWIE: Jlo3Bin nepepuBanns TWI

Sxmio B manwmii 61T 3anucana Jyior. 1 1 BctanoneHuit 0it I B perictpi SREG, To
3anuT Ha nepepuBanHs TWI renepyBaTuMeThCSA TOTH, TOKA BCTAHOBJIEHUH MIPAIIop

TWINT.

@opmam pecicmpy cmany TWSR HacTylHUNA:

Pozpsn 7 6 5 4 3 2 1 0

TWS7 | TWS6 | TWS5 | TWS4 | TWS3 | - TWPS1 | TWPSO
Yur./3ammc Yur. Yur. Yur. Yur. Yur. Yur. | Yur./3m. | Ywur./31.
Bux. 3Hauenns | 1 1 1 1 1 0 0 0

Pospsinu 7.3 - TWS: Ctan TWI

Jani 5 6it BimoOpaxaroTh ctaH joriku 010oky TWI 1 nBorpoBigHOT
NOCJITI0BHOT KMHU. Po3psan 2 - 61T € pe3epBHUM 1 IpOUUTYeThCs sK 0.

Pozpsinu 1..0 - TWPS: bitu nepenninsauka TWI

JlaH1 O61TH BiAPI3HAIOTHCS TOBHUM J0CTyrnoM (YuT./3amuc) 1 103BOJSIOTH

YOPaBJISATH MEPEIIITEHUKOM IIBUIKOCTI 3B'SI3KY, 3rigHO TabI. 1.6.



Cneyianizogani i npoMUCIO8I MIKPONPOYECOPHI cucmemu

76

Tabnuys 1.6. - TlepenainbHuK MBUAKOCTI 3B'13ky TWI

TWPS | TWPS |3naueHns

1 0 nepeIiIeHHS
0 0 1

0 1 4

1 0 16

1 1 64

3HaYCHHSI KOJIIB CTATyCy 3aJI€KaTh BiJi KOHKPETHUX PEXKUMIB POOOTH MOTYJIs

TWI. Onnak € aBa ko ctany ($ F8 1 $ 00), He moB's3aHi 3 SKUM-HEOY b

pexumMom pobotu (Tabi. 1.7).

Cran 3 kogoM $ F8 € mpomickaum. HasiBHICTB IOTO KOAY O3HAYAE BiJICYTHICTh

Oyap-sKoi 1HpopMmalli y 3B'a3Ky 3 TuM, 110 npanop TWINT He BcTaHOBIEHUI.

Kox cratycy $ 00 curnamizye nmpo moMmiIKy Ha muHi. Taka MOMUIKa BUHUKAE TPU

dbopmyBanHi BeayuuM ctaHiB CTAPT a6o CTOII B HEBIAMOBIAHOMY MiCIi,

HaIpUKIIaJI, i1 Yac repeaadi 6aiita aapecu, 6aiita qanux abo Oita

MiATBEPKEeHHS. [[7151 BUXOy 3 TAaKUX CUTYyalliii HEOOX1IHO 3amucatu Jior. 1 B

po3psian TWSTO 1 TWINT. B pe3ynbTaTi MOyNb IEpENIe B PEKUM

HEaJPECOBAHHOTO Beny4oro, 3BUIbHUTS JiHIT SDA 1 SCL 1 ckune npanop TWSTO.

Cran CTOII B wiit curyarii chopMoBaHO He Oye.

Tabnuysa 1.7. - Kogu crany, mo He 3anexars Big pexumy TWI

CraH mmHH Hacrymnna nis,
Kon imonyna TWI | Jlii nporpamu 110 BUKOHY€ETHCS
CTaTycy B/i3 B perictp TWCR moxayiem TWI
TWDR |STA [STO [TWINT | TWEA
$F8 Hemae Hemae Hemae miit YexaHHs
1H(popMallii; T BCTAHOBJICHHS
TWINT = «0» npanopy TWINT
$00 ITomunka Ha Hemae 0 1 1 X Bei mii
IIWHI B T BUKOHYIOTBCS
pe3ynbTari anapatHo. [[luna
HEKOPEKTHOIO 3BUIBHSTBHCS, &
dhopmyBaHHS npanopTWSTO
crauis CTAPT ckugaeTecd B «0»

abo CTOII
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[H1m1 KOTM cTaHy 3aiekaTh OyyTh PO3JISIHYTI IIPH OMKUCY PEKUMIB poOOTH

MOIYJIS.

Dopmam pecicmpy oanux mimHU TWDR HacTynHwmii:

Pospsin 7 6 5 4 3 2 1 0

TWD7 |TwD6 |TwWD5 |TwWD4 | TWD3 | TWD2 | TWD1 | TWDO
Yur./3ammmc | Yur./3m. | Yur./3n0. | Yur./3n0. | Yur./3n. | Yur./30. | Yar./30. | Yur./3m. | Yur./31m.
Bux. 1 1 1 1 1 1 1 1
3HAYECHHSA

VY pexkxumi nepenasaya perictp TWDR micTuTh HacTynHMit OalT aig nepegadi. Y
pexumi npuiimada perictp TWDR MicTuTh ocTanH1i NpUitHATUE OaifiT. 3anuc B
perictp MmoxuinBui uie ko TWI He BUKOHYe Tipoiiec 3CyBy JaHuX. Takuit cTan
HACTae€, KOJIM B1I0OYyBA€ThHCS anapaTHa ycTaHoBKa nparnopa nepepuBanus TWINT.
3a3HauyuMO 110 PETICTP JaHUX HE MOJKE IHILIAII3yBaTUCS KOPUCTYBAYEM IEepe
BUHUKHEHHSIM Tiepiioro nepepusanus. Jlani B perictpi TWDR 3anumarotscs
ctabuibHuMH ToKkH BecTaHoBiieHud 01T TWINT. Ilix yac 3cyBy AaHUX MOCIIIOBHOI
nepeaayl OTHOYacHO BiI0YBAETHCS 3CYB JIJIs TIOCIIIOBHOTO BBEIeHHs. PericTp
TWDR 3aBxau MiCTUTh OCTaHHIN OalT MpeaCTaBICHUN HA IIMHI, BUKIIOYAI0YU
CUTYaIlil0 BITHOBJIEHHS HOPMaJIbHOT pOOOTH MIKPOKOHTpOJIEpa 3a EpEpUBAHHAM
TWI. B ubomy Bunanky ctan TWDR € neBuznauenum. B pasi Btpatu apoiTpaxy
IIWHU JIaH1, TTIepeiaBadi BiJl BEAY4OTO J0 BEJACHOTO, HE BTPAYalOThCs. Y IPaBIIIHHS
01TOM Bi110YyBa€THCS ABTOMATUYHO MiJ1 yrnpaBiiHHsIM cxemu TWI, a MK
6e3mocepeIHboro JocTyny 1o 6ita miarBepkeHHss ACK He mae.

Bwmict perictpy MK ckiianae 6aiiT nanux, sskuii HeOOX11HO MepeaTu
HACTyMHUM, a00 OCTaHHIM NMPUUHATHN OAaNT MO JBOMPOBIIHIN MOCTIAOBHIHN IIHUHI.

Pezicmp aopecu eedenoeo wiunu TWAR mae hopmar:

Po3zpsin 7 6 5 4 3 2 1 0

TWA6 | TWA5 | TWA4 | TWA3 | TWA2 | TWAl1 | TWAO | TWGCE
Yur./3anuc | Yur./3n. | Yur./3n0. | Yur./3n. | Yur./3n. | Yur./3n. | Yar./3n. | Yur./3n0. | Yur./3m.
Bux. 1 1 1 1 1 1 1 1
3HAYCHHS
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Axmo TWI HanamroBanuii Ha peXXuM BEJICHOT0 IiepeaaBaya abo npuiimada, To
pearyBaTHMe JIMIIE Ha aJIpecy, 3amucany B 1eu pericTp (y 7 cTapiux po3psaiB
TWAR). V pexumax BeAy4oro JaHUM pericTp HE BUKOPUCTOBYEThCS. Y
Oararomaiictepaux cucrteMax perictp TWAR BCTaHOBIIOETHCS B TOMY BEIy4OMY,
JI0 SIKOTO aJAPECYIOTHCS SIK JI0 BEICHOTO 1HII BETydl ITUHU.

Momnoammii po3psia perictpa TWAR BUKOPHUCTOBYETHCS AJIs TI03BOTY
BUSIBIICHHS aJipecH 3arajabHoro BUKIHKY ($00). CrierianpbHu KOMIIapaTop
BUKOHY€ TIOPIBHSIHHS MUIETII01 agpecH (a00 apecu 3araibHOr0 BUKIUKY) 3
npuitHATOI0 aapecoro. [1pu 30iry aapec reHepyeThCs 3aMUT HA MTepEPUBAHHS.

Ilocnioosnicms oocnyeogysanns TWI npu munosiii nepeoadi

TWI opienToBanumii Ha niepegady JaHUX B OaTHOMY (popMaTi 3 yIpaBIiHHIM
3a nepepuBaHHAM. [lepeprBaHHS BUHUKAIOTH MIC/S BUSIBJICHHS OJHOTO 3 MO/l HA
IIMHI, HAIpUKIa, TpuiioM O6aiita abo nepenaya ymosu CTAPT. Yopasninas TWI
3a MepepUBaHHAM JI03BOJISIE 3BUTLHUTHU MTPOTpamMHe 3a0e3MeueHHs Ha BUKOHAHHS
IHIIUX 3aBJaHb M1J] Yac nepeaadi 0aifta 1anux.3a3HauynMMo, 1110 yCTaHOBKA Mparopa
TWINT mpusBoauTh 10 reHeparlii 3aluTy Ha IepepuBaHHs JIUIIE Y TOMY BUIAJIKY,
KOJIM BcTaHOByIeHHH 01T q03BOTy iepepuBadHs TWIE B perictpi TWCR, a Takox
JI03BOJIEHA poOOTa nepepruBaHb ycTaHOBKOO OiTa B perictpi SREG. Sxkuio 61T
TWIE cxkunytuit, To ctan TWINT moBrUHEH BiICTEKYBaTUCS TPOTPAMHO JIJIs
OIIHKM cuTyarlii Ha muHi TWI.

[Ticns ycranoBku npanopa TWINT iaTepdeiic TWI npununsie po6oTy 1 uekae
peaxuii nporpamu. B oMy Bunanky perictp crarycy TWI (TWSR) mictuth
3HA4YEeHHSI, sIKe BiJI0Opakae motounuid crad muau TWI. Buxoasuu 3 1boro
nporpama 3ajia€ nojaajblly noBeainky muHu TWI, Manimymnioroun perictpamu
TWCR 1 TWDR.

Ha puc. 1.44. nokazanuii npocTui pukiIa miakirodeHss 1o muaa TWIL Tyt
nepeadavaeThes, 1Mo Beaydii (MaicTep) Oaxae mepeaaTi OJuH OalT TaHux
BeJleHOMY. JlaHuil onuc BeIbMU 3arajibHUM, a JeTaJIbHIIIE MOSCHEHHS HaBOUTHCSA

Jai B IbOMY PO3ILTi.
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1. Mpomama sanucye B 3. Nepesipka TWER, wob Nepesipra TWSR, wob BNEEHMTHEE B 7. MNepesipka M’SR, m‘D.E
TWCR nna iHiLiauj BENEBEHWTHCE B BINPEEL YMOEK Nepea- YMOE K BI'IEBHM“TMEl:b .B BifMPaEL JaHHM
NEpEena-K YMOEK CTAFT. MNpomama 386 aHTaHKYE "Begerora_AJPECA+HTISA" Ta Ta NPHWaR i T B e EeHH A
CTAPT. "Begeroro_MAJPECA+HITIEN" B O TRMMEHH MIATBepAKEHHA (TTILTED. MATE. Npompama saeaHTaxkyve
TWOR, & TaKo® SaNMCY3 BIBNOEIRHT | Mpomams saEaHTa®YE 4aHH B TWOR, & Kepytodi cumand B TWCR gna
KepyEaneHi ckuHanm B TWCR, npr TEKOM SAMMCYE BIGNOBIgHI Kepyodi BifAPSE KK Yo e CTOM, N
Uponty OG0B A3K0ED HeobxigHo CHMHam ¥ TWCR | B T.4. 0606 a3K0ED Upany HeofxigHo oboE'asK0ED
zanmcaTk nar. 1 s TWAMT i nor. 0 & anMcyeTECa nar. 16 TWINT, s@nKcaTi nor. 1 s TVWIMT,
TYWSTA,
|
CTAPT Bemenoro_AOPECA+3n | [IOTB IAHI a'||.[|'TB CTOn
ACK | ACK
2 BoTaHoe MoeTeca TWMT. 4 BCTEHOE METheA TWINT . Kog cTaHy B. BrTaHoemos TWINT. Kog CTaH'J"F
Kol CTaHy CMHansye, wo CHMHaNSYE NP0 BiANPEERY HAMLHOE NP BEMANPEERY RaHHMX i
yrmoea CTAPT nepegaHa. "Begeroro & JPECA+YTIIN", Ta npMiAcmi NigTEepa#enHa NIATE.

MpMACME YMOER NI TEepLkeHHa MIOTE

Puc. 1.44. TIlocaigoBHicTs 0OcayroByBanHss TWI nipu TUnoBii nepenayi

Ha puc 1.44 6noku 1,3,5,7 BinoOpaxxytoTh A1i mporpamu, myHkTH 2,4,6 — cTan
npuctpoto 12C.

1) [Tepmmm kpokom pobotu TWI € nepenaua ymoBu CTAPT. Lle inimitoeTbes
IUISIXOM 3aIHc

3anucy neBHoro 3HadeHHsd B TWCR. 3a3naunmo, 1110 HeoOX11HO CTEKUTH, a01
B 3anucyBaHomy B perictpi TWICR 6yB ckunytnii 6iT TWINT. 3amnuc nor. 1 B
TWINT ckunae uewi mpanop. TWI He moune po6oTy 70 TUX Tip, TOKU Oyie
BcranoBnenuit mpanop TWINT B perictpi TWCR. Biapasy micnst ckunanHs
TWINT nounnaetbcs nepenaya ymosu CTAPT.

D)Ilicns nepenaui ymoBu CTAPT BcranoBmoeTsest mparop TWINT B perictpi
TWCR, a BmMicTt TWSR OHOBIIOETHCS 3HAYEHHSM KOAY CTaHYy, 110 BiJJ0OOpakae mpo
yenimny nepeaady ymosu CTAPT.

3)VY nporpami He0OXiJHO BUKOHATH NiepeBipky 3HaueHHs: TWSR, abu
MEepEKOHAEThCS B TOMY, 1110 ymMoBa CTAPT Oyna ycnimuo nepenana. Sxkmo TWSR
BigoOpaskae 1HIILy CUTYaIlil0, TO IporpaMa BUKOHY€E OCOOJIMBI i1, HAPUKIIA,

BUKJIMKA€E IPOLEAYPY OOPOOKH MOMMUIIKOBUX CUTYaIllil. SIKIIO KO CTaHy Mae
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OUIKyBaHE 3HAYEHHS, TO BUKOHY€EThCS 3aBaHTakeHHS ymMmoBu BEJIEH AJIP +
3AIINC B TWDR. Heo6xigro nmam'statu, mo TWDR BUKOpHUCTOBYETHCS IS
30epiraHHs sk ajipecy, Tak 1 nanux. [licns 3aBantaxenns B TWDR G6axkanoro
snauenHsa BEJIEH AJIP + 3AIINC B perictp TWCR mae O0yTu 3anucane
cnernudivyHe 3HAUYCHHS, SKE CIIY>)KUTh KOMaH00 1is Tiepeaadi 3Hadenns BEJIEH
_AJIP + 3AIINC, mo 36epiraetbes B TWDR. [IpoTe HeoOXiaHO CTEKUTH, a0U B
3aMrCyBaHOMY B pericTp 3HaueHH1 OyB BctaHoBiaeHuUM 6iT TWINT. 3amuc mor. 1 B
TWINT naBoauTh A0 CKHAaHHS 11boTo npamnopa. TWI He moune poOoTy 10 THX
nip, moku BctaHoBienuit 01T TWINT B perictpi TWCR. Bingpasy micis ckugaHHs
npanopa TWINT iHimitoeThCs nepeaaya aApecHoro makeTy.

[Ticns mepenayi agpecHoro nakeTy BcraHoBIoeTbes nparnop TWINT B
perictpi TWCR, a BmicT perictpa TWSR oHOBII0O€TBCS KOJIOM CTaHy, 110
B1JI00Opakae yCIHIIIHICTh Nepeadl alpeCHOro nakeTry. ¥ KO/l CTaHy TaKOX
B1IOMBAETHCS UM OYJIO IIATBEPKCHHS IPUHOMY aJIpeCHOTO IMaKeTy 3 OOKY
BEECHOI'0 YU Hi.

4)BukoHyeThcst mporpaMHa nepepipka 3nadeHHs TWSR, abu nepekoHartucs B
YCHIIIHOCTI Mepeadi afjpecHoro nakety i mo o1t miarseppxeHHs [IIJITh mae
ouikyBaHe 3HaueHHs. ko TWSR BijioOpaxae 1HILY CUTYaIlitO, TO IPU
HEOOX1THOCTI BUKOHYIOTHCS OCOOJUBI [T1T, HATPUKJIIA, BUKIMKAETHCS MPOIIeaypa
00OpOOKM MOMUIIKOBHX CUTYaIliil. SIKIIO 5K KOJI CTaHy Ma€ O4iKyBaHE 3HAUYEHHS, TO
nporpama 3anucye maket gaaux B TWDR. 3rogom B perictp TWCR 3anucyetnes
cendiuHe 3HaYCHHSI, IKE CITY>KUTh KomaHaoto it TWI 1 Bukiukae anapatHy
nepeaavy naHux, 3anucanux B TWDR. B 3anucyBaHoMmy 3Hau€HHI Ma€ OyTu
BcranoBneHui 61T TWINT. 3anuc jor. 1 8 TWINT HaBOauTh 10 CKUIAHHS I[HOTO
npanopa. TWI He moune po6oTy /10 TUX mip, Moku O0yae BctaHoBiaeHUM 01T TWINT
B perictpi TWCR. Binpasy micis ckunandas TWINT nounHaeThes nepenaya
MaKkeTy JaHuX.

S5)Ilicns nepenayi nakety qaHux BeTaHOBIOEThes nparop TWINT B perictpi

TWCR, a Bmict perictpa TWSR 0HOBIIO€TECSI 3HaUSHHSIM KOJIU CTaHYy, sIKa
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CUTHAII3Y€ PO YCIIIIHOI Mepe/iayl MakeTy JaHuX. Y KoJi CTaHy TaK0X
BIIOMBAETHCA YU OyIJIO MPUHHATO MIATBEPKEHHS B/ MiIETIIONO YH Hi.

6)Bukonyetbcs nporpamua nepesipka 3HaueHHst B TWSR, abu nepekonatucs
B YCIIIIIHOCTI Mepejiavl MakeTy AaHux i B Tomy, mo 01t ITIJITh Mae ouikyBane
3nauyeHHs. ko TWSR BigoOpakae iHIy CUTYyalliio0, TO IporpamMma BUKOHYE
0CcOOJIUBI 1111, B T.4. BUKJIMKAE MPOLIETyPY 0OpOOKH mepepuBaHHs. SAKIIO KO/ CTaHy
Ma€ OYiKyBaHe 3HAUYEHHs, TO BUKOHY€ETHCS 3aMUC CIEI[IaIbHOTO 3HAYCHHS B
TWCR, sike ciyxuth komangoro o TWI 1 inimitoe nepenauy ymosu CTOIL. Ilin
yac 3anucy Mae Oytu BukoHaHna ycranoBka 6ita TWINT. 3anuc jor. 1 B TWINT
HABOAMTH 10 CKUJIaHHA Lboro npanopa. TWI He moune poOOTy 10 THX Mip, TOKU
BcranoBneHuit 61T TWINT B perictpi TWCR. Biapasy micinst ckuiaHHs rpamnopa
TWINT inimitoetscs nepeaada ymosu CTOIL. 3BepHiTh yBary, 1o nparmop
TWINT HE BcranoBmtoeThes miciis 3akiHueHHs nepenadl ymosu CTOIL

He nuBnsunch Ha MPOCTOTY BUKJIAIEHOTO MPUKIIAAY, BIH OKa3y€e MPUHIIUIIN,
MOKJIaJICHI B OCHOBY OyAb-sikoi nepenaui uepe3 TWI. 3 BuIieBukiaieHoro MoxHa
3pOOUTH HACTYITHI BUBOIH:

[Ticns 3akinyenns po6otu TWI Bcranosmoerbest mparmop TWINT 1 nami
OUIKY€ThCA peakilis 3 00Ky nporpamu. JIiHisl 3HaX0IUThCS B HU3bKOMY CTaHi, MOKH
ckunytui npanop TWINT.

Skmo npanop TWINT BcTaHOBIIEHMH, TO KOPUCTYBAa4 MOKE OHOBJIIOBATH
Oyab-sxuii 3 perictpiB TWI 3HaueHHsM, sIK€ BIAHOCUTHCS 10 HACTYITHOTO €Tamy
po6otu mman TWI. Hanpukian, 8 TWDR 3aBaHTaXy€eThCsl 3HAUCHHS, SIKE
HEOOX1JTHO MepeaTH Ha HACTYITHOMY LIMKJI IIIMHH.

[Ticns onoBnienns Beix perictpiB TWI 1 3aBepiieHH1 1HITUX 3aBIaHb
BukonyeThcs 3anuc B TWCR. Iig yac 3anucy TWCR neoOxinHe, adu OyB
BcraHoBieHui 61T TWINT. B nubomy Bunaaxy 3amwc jior. 1 B TWINT npusene no
cKuAaHHs naHoro npamnopa. TWI BUKoHye i y BiIMTOBIAHOCTI YCTaHOBKOIO

perictpa TWCR.
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Ipuxnao na Acembnepi ma Ci

Jii nporpamu 3rinHo puc. 1.44 HaBeneHo B npukiaail Ha Acemo6inepi ta Ci.

Hepez[6aqa€T505I, 1o BC1 CHMBOJIbHI ITO3HAYCHHS BH3HAUYCHI B MMpUueETHAHOMY

daiii.

Ne [Iporpama Ha AcembOnepi

1

2

4

6

Idi r16

(1<<TWINT)|(1<<TWSTA)|(1<<TWEN) (1<<TWSTA)|(1<<TWEN)

out TWCR, r16

waitl:

inrl6, TWCR
sbrs r16, TWINT
rjmp waitl

inr16, TWSR
andi r16, OxF8
cpi rl6, START
brne ERROR

Idi r16, SLA W
out TWDR, r16
Idi r16 (1<<TWINT) | (1<<TWEN)
out TWCR, r16

wait2:
inrl6,TWCR
sbrs r16, TWINT
rjmp wait2

inr16, TWSR

andi r16, OxF8

cpi rl6, MT_SLA_ACK
brne ERROR

Idi r16, DATA
out TWDR, r16
Idi r16 (1<<TWINT) | (1<<TWEN)
out TWCR, r16

wait3:
inr16, TWCR

[Iporpama Ha Ci

TWCR = (1<<TWINT))|

while ({(TWCR &
(1<<TWINT)))

if (TWSR & OxF8) !=
START)
ERROR();

TWDR =SLA_ W,
TWCR = (1<<TWINT) |
(1<<TWEN);

while ({(TWCR &
(1<<TWINT)))

if (TWSR & OxF8) I=
MT_SLA_ACK)
ERROR();

TWDR = DATA;
TWCR = (1<<TWINT) |
(1<<TWEN);

while ({(TWCR &
(1<<TWINT)))

Komenrap

[lepenaga ymoBu CTAPT

UekaHHs yCTaHOBKM IIpamnopa
TWINT. Lum BigoOpaxaeTscs
3aBepIIIeHHS Tiepeadi yMOBU
CTAPT

[Nepesipka koau crany TWI.
MackyBaHHS OiTY
nepenaiIbHIKa. SIKIo Ko
crany He piBauit CTAPT, T0o
nepexig Ha ERROR

3aBantaxenHss BEJIEH AJIP
+ 3AIINC B perictp TWDR.
Cxunauns 6ita TWINT B
TWCR ans mouaTky nepenadi
aapecu

UYekaHHS yCTaHOBKH Iparopa
TWINT. Hum
CUTHAJIM3UPYETCS 3aBEPIICHHS
nepenaui BEJIEH AJIP +
3AIINC i otpumanHs/He
OTPUMAaHHS ITiJITBEPKCHHS

(ITITB/HE IIJITB).

[lepeBipka 3Ha4eHHS pericTpa
ctany.MackyBaHHs OiTy
nepeaaiibHuKa. SIKIIo cTaH
BiJIPI3HAETHCS BiJl

MT_SLA ACK, To nepexin
Ha ERROR

3aBaHTaXKECHHS JaHUX B
TWDR ckunanss npanopa
TWINT B TWCR nsa
MTOYaTKy Iepeaadi JaHuX

UekaHHs yCTaHOBKH ITpanopa
TWINT Ilum BimoOpaxkaeTbes,
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sbrs r16, TWINT X 1110 JaHi OyJu repeaHi i

rjmp wait3 MPUAHITO/HE IPUHHSTO
miarBepmkenns (I1ITAB/HE
[TIATB).

7 inrle,TWSR if (TWSR & 0xF8) != IepeBipka 3HaUEeHHS peTicTpa
andi r16, OxF8 MT_DATA_ACK) crany TWI. MackyBanus 6ity
cpi rle, MT_DATA ACK ERROR(); mepeaIiIbHIKA. SIKIo cTal
brne ERROR BiZIPI3HAETHCSA BijI

MT_DATA_ACK, To nepexif
Ha ERROR
Idi r16 (1<<TWINT)|(1<<TWEN)| TWCR = [Tepenaua ymou CTOIT
(1<<TWSTO) (L<<TWINT)|(1<<TWEN)|
out TWCR, r16 (1<<TWSTO);
Peosicumu po6omu

Moayne TWI Moxe npairoBati B HACTYIIHUX PEXKUAMAX:
- Beayunit — nepenaBau(Master Transmitter);
- Beayunii — npuitomau (Master Receiver);
- Benenwii - npuiiomau(Slave Transmitter) ;
- Benennii — nepenasau (Slave Receiver).
Bubip KOHKpETHOTO PEKUMY BU3HAYAETHCS JIOTIKOK POOOTH MPOTPaMH 1,
BIJIMOBITHO, BUKOHYBAHUMU JTISIMHU.

VY Bcix pexxumax OyJib-KUH eTan B3aeMO/11 IPUKIaJHOI IPOrpamMu 3 MOAYJIEM
[2C cknanaerbes 3 TPhOX YACTHH:
* MiCJI 3aBEPIICHHS MOJIyJIEM BUKOHAHHS SIKOi-HEeOy b onepallii, BIH BCTAHOBJIIO€
npanop TWINT perictpa TWCR 1 uekae peakitii mporpamu. [Toku mpamnopeiib
BCTaHOBNEHUIT B «1», Ha ninii SCL yrpumyroetscs HU3BKUIM pisens;
* micyig yctaHoBku npanopa TWINT kopucTyBad MOBUHEH 3aHECTH B PETICTP
MOJ1yJI 3HAYEHHS, BIATIOBIHI HACTYITHOMY €TaIly OOMiHY;
* MCJISE OHOBJICHHSI BMICTY PETiCTPIB MOIYJIs, KOPUCTYBay OBUHEH CHOPMYBATH B
perictpi TWCR komaHay Ha BUKOHAHHS HACTYyITHOTO eTamy oominy. [1pu
3aBaHTaXCHHI B PETICTP HOBOTO 3HAUYCHHS HEOOX1HO ckuHyTH Tiparop TWINT

3aImMcoM B HbOTO Jior. 1. ITicns CKHUIAaHHA IIparopa MOAYJib ITIOYHC BUKOHAHHA
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oreparlii, sika Bu3HauaeThcsi BMicToM perictpa TWCR.
3HaueHHS KOJIIB CTATyCy 3aJI€KaTh BlJ] KOHKPETHUX PEXHUMIB pOOOTH MOTYIs
TWI, kpim nBox koxiB ctany ($ F8 1 $ 00). (Ius. Tabdmn. 1.7)
Cran 3 kojioM $ F8 € mpomi>kanuM. HasiBHICTB IIbOT0O KOy 03HAYA€E BiJCYTHICTh
Oyab-sxoi iHpopmarlii y 3B'13Ky 3 TUM, 110 npanop TWINT He BcTaHOBICHHIA.
Kog cratycy $ 00 curnamizye npo moMuIKy Ha muHi. Taka TOMUIKa BUHUKAE TIPU
dbopmyBanni Begyuum ctaHiB CTAPT a6o CTOII B HEBIAMIOBITHOMY MicIIi,
HaIpUKIIaI, i1 Yyac rmepeaadi 6aiita aapecu, Oaifta 1anux ado Oita
MiATBEpKEeHHS. [[71s1 BUXO/ly 3 TAaKUX CUTYalliii HEOOX1IHO 3amucatu Jior. 1 B
po3psia TWSTO 1 TWINT. B pe3ynbTaTi MOAYIb HEPEN]IE B PEXKUM
HEaJPECOBAHHOTO Bey4oro, 3BUIbHUTS JiHIT SDA 1 SCL 1 ckune npanop TWSTO.
Cran CTOII B uiii cutyanii chopMoBaHO He Oyae.

Pesrcum «Bedyuuii — nepedasauwy

VY pexumi «Benyunii nepenaBau» (Master Transmitter) 3aificHrOeThCS
nepeaava JaHuX BiJl BEAYYOTro MPUCTPOIO 10 BEACHOTO. J[J1s mepeMuKkaHHs
MPUCTPOIO B PEXKUM Beydoro Moayib [2C noBuHeH chopMyBaTH HA MIUHI CTaH
CTAPT. ®opmar agpecHOro makera, IepeaHoro MoTiM, BU3HAYAE B IKOMY 3
pexxuMiB Oyne mpamroBaT Beayunid. [Ipu nepenaui makera SLA + W moayns
nepexoauTh B pexxuM «Bemyunii mepenaBauy, a mpu nepenadi makety SLA+ R - B
pexum «Benyunit npuiimauy.
®opmysannsa crany CTAPT nounerscs micnst 3anucy B perictp TWCR

HAaCTYIIHOI'O 3HAYCHHI.

TWINT TWEA | TWSTA TWSTO | TWWC | TWEN TWIE
1 X 1 0 X 1 X
Ckunytn Cdopmysatu Jo3Bonutu

npanop TWINT ctad CTAPT poboty 12C

B pe3ynbTaTi 3anucy BKa3aHOTO 3Ha4eHHS MOAYJ b [2C oyHe KOHTPOIOBATH
ctan mmHU 1 copmye ctan CTAPT Bigpasy k, sk TUIBKKM BOHA CTaHE BIJILHOIO.

[Ticns 3akinuenns: popmysanns crany CTAPT BcranoBmtoeTsest mpamop TWINT;
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KOJI CTaTyCy MOBUHEH P IIbOMY MaTH 3Ha4eHHs, piBae $ 08. [Ins mepeMukaHHs
MoayJIs B pekuM «Bemyunii mepenaBau” HeoOXiaHO mepeaaTH mo muHi maket SLA
+ W. JIna nporo BMICT makeTy 3aBaHTaxyeTbes B perictp TWDR, a B perictp

TWCR 3aHOCUTBCS Take 3HAYCHHS.

TWINT TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE
1 X 0 0 X 1 0 X
CxuHyTH npanop Jlo3Bosiut

TWINT poboty 12C

[Ticns mepenayi aipecHOro makera i npuiioMy 01Ta MiATBEPIXKEHHS TTpanop

TWINT 3H0BY BcTaHOBIOETHCS B «1». KoJ cTaTycy Ha 11boMy eTarli MOXe MaTu

oaHe 3 HacTynHuX 3HadeHb: $ 18, $ 20 a6o $ 38.

[Ticnst mepenayi aapecHOro MakeTy MOBUHHI OyTH MepeaHl MaKeTH JTaHuX.
3HaudeHHs OaiiTa qaHuXx 3aBaHTaxyeTbes B perictp TWDR. Ilepenaya makety

JaHUX TOYMHAETHCS micis 3anucy B perictp TWCR HacTynmHOTro 3HaUEHHS:

TWINT TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE
1 X 0 0 X 1 0 X
CxuHyTH Tparnop Jo3Bosiut

TWINT poboty 12C

Ornucana npoleypa BUKOPUCTOBYEThCS JJIsl TIEpeaadl BCIX MAKETIB JIaHUX.

[Ticns mepenayi ocTaHHBOTO OaiiTa JaHWX, BEAy4YHil TOBUHEH COPMYBATH Ha

mHi ctad CTOIT a6o IIOBCTAPT ®opmyBanus crany CTOII nouneTscs micis

3amucy B perictp TWCR HacTymHOTO 3HaUCHHS

TWINT TWE | TWST | TWSTO TWWC TWEN TWI
A A E
1 X 0 1 X 1 X
CkunytH Cdopmysaru
pamnop crad CTOII
TWINT

A st popmyBanns crany [IOBCTAPT B perictp TWCR HeoOxiaHO 3aHeCTH

3HAYECHHS:

TWINT TWEA | TWSTA TWSTO | TWWC TWEN TWIE
1 X 0 1 X 1 X
CxuHyTH CdopmyBatu cTan Jo3Bosutu

npamnop CTAPT poborty 12C

TWINT
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ITicis popmyBanus Ha muHi crany [IOBCTAPT (kox crarycy $ 10) Bemyuwmii

MO3K€ aJpecyBaTH TOT0 K abo 1HIIoro BeaeHoro He popmyroun crany CTOIL.

[amumu cnoBamu, Bukopuctanus ctany [IIOBCTAPT no3Bouisie 3aificHIOBaTH

3MiHY BEJICHUX IIPUCTPOIB, & TAKOXK MEPEMUKATUCS MK pexkuMamu «Bemxyunit

nepenaBayy 1 «Bexyunii npuitmau» 6e3 BTpaTH KOHTPOJIIIO HaJ IIUHOIO.

Konu crarycy mist pexxuma «Bemyuuit nepegaBay» HaBeneHo B Tabi. 1.8., a

MOCJTITIOBHICTH i B IIbOMY PEKUMI LITIOCTPY€EThCs puc. 1.44.

Tabnuya 1.8. Kogu cratycy mis pexuma «Beayuuit nepenaBauy»

CtaH muHHU 1

J[ii mporpaMmbl

HacrymHa 71is, 1110 BUKOHY€ETBCS

> |Momynst TWI B/3 TWDR B PETICTP monyseM TWI
> TWCR
= =
5 z |
5 SEHE
~ inlen|b=| =
$08 |bys Bapantaxut SLA X 0 [1 X [byne nepenanoSLA + W. Byne
chopMoBaHUit +W npuitaaro ACK a6o NACK
crad CTAPT
$10 [bys BaBantaxxut SLA X 0 [1 [X |byne nepenano SLA + W. byne
chopmoBaHUit + W npuitaatuii ACK a6o NACK
cran [IOBCTAPT BaBautaxxutu SLA X 0 |1 byne nepenano SLA+R. Monynb
+R MEePEKIIOUNUTHCS B pekuM "Benyunii
purMau»
$18 BaBantaxkutu Jani 0 0 || X |byne nepenano Gaiit nanux. byne
npuitasTit ACK a6o NACK
bys nepenanuii  [Hemae miif 1 0 1 X |bynecdpopmoBano cran [IOBCTAPT
MaKeT
SLA+W i Hemae niit 0 1 [ X [byae chopmoBanuii cran CTOII
MIPUAHATO (mpammop TWSTO Oyne ckunyTO)
MiATBEPIKSHHS
(ACK)
Hemae niit 1 1 1 X |bynecdopmosano cran CTOIIL, a
notiMm ctad CTAPT (mpamop TWSTO
Oy/ie CKHHYTO)
bys nepenanmnii  BaBantaxkutu gaHi 0 0 (I X |[byae nepenano Oaiit nanux. byne
$20 |maker SLA+W, a orpumano ACK a6o NACK
TiATBEP/UKEHHA  [Hemae it 1 0 1 X |bynecdpopmoBano cran [IOBCTAPT
He OyJo mpu-
iiasaro (NACK)  Hewmae niit 0 1 I X [pyme chopmopano cran CTOII
(mparmop TWSTO 0Oyzne ckuHyTO)
Hemae niit 1 I 1 X |byne chopmorano cran CTOII, a
notim ctrad CTAPT (mpanmop TWSTO
OyJie CKHHYTO)
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$28

$30

$38

byB nepenganuii
MakeT JaHMX 1
MPUUHATO
MTBEPIKCHHS

(ACK)

3aBaHTaXUTH HaH1

byne nepenano 6ait nanux. bymue
orpumano ACK a6o NACK

Hemae mii

byne cpopmoBano ctan [IOBCTAPT

Hemae niit

byne chpopmoBano cran CTOII
(mpammop TWSTO Oyne ckunyTO)

Hemae niit

byne chopmoBano cran CTOIL a
notim ctad CTAPT (pamop TWSTO
OyJie CKHHYTO)

byB nepeganuii
MakKeT JaHHX, a
I ITBEPHKCHHS
He OyJo npu-

rHaTO (NACK)

Brpara
MIPUOPITETY
mpu nepeaadi
MaKeTy

anpeca abo 1aHUX

3aBaHTaXUTH HaH1

byne nepenano 6ait nanux. bymue
orpumano ACK a6o NACK

Hemae niit

byne chopmoBano cran [IOBCTAPT

Hemae niit

byne chopmoBano cran CTOII
(npannop TWSTO 6yne ckunyTo)

Hemae niit

byne chopmoBano cran CTOIL a
notim ctad CTAPT (mpannop TWSTO
OyJie CKHHYTO)

Hemae niit

Hemae niit

[IpucTpiii 3BIIGHUATH IIUHY 1 Iepeiiie B
PEXHUM HEaAPECOBAHOTO BEJICHOTO

[Ticyst 3BITBHEHHSI ITUHU Oy1e
chopmoBano ctan CTAPT
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Beyumii nepeaarmivk

Ycnewxan 5 T
nepesaya [ s I SLA | W A } Di\Tf . A P |
BEAOMOMY-
TIPUEMHUKY $08 $18 $28
Cnep,. nepepava g
HauMHaeTCs C s I StA ! W
hopMUMPOBaHUA i
COCTOSHUS
fIOBCTAPT @
HeTt noaTeepxaeHvs = P l R
OT aapecyemoro
BEAOMOr0 I
Beaywmii npyemMHmk
Her nogreepxaexun 7 P
nocne nepeaawm
Gaiita naHHbix
Noveps npuopuTeTa N Ll ﬂpogonxaeT ) - Iﬂpl‘lpogonxaeT
BO BpEMA NEpeaasn PYroit BegyLmii YTOW BERYLUMIA
a[peca WK [aHHBIX
Torepa npuopuTeTa, A MNpoaonxaer
YCTPOWCTBO 2ApecoBaHo NPyroit Begywmii
BRYrUM BEOYLIMM

K COOTBETCTBYIOWMM COCTOSHUAM
B pexvmMe Beaomoro

[
[ ]

Or Begywero
K BELOMOMY

[ »

Ot Beaomoro
K BEyLEMY

OBVH WM HECKONBKO GalT AaHHbIX
€ COOTBETCTBYIOLLMMYN BuTamMm noaTEEPXAEHNA

@ — MOMEHT ycTaHoeku (nara TWINT, roe

n — KoA CTaTyca 8 parucTpe TWSR

Coctosinus monyns TWI B pexume «Beayluuii nepegatumk»

Puc. 1.44

Pesrcum «Bedyuuit npuiimauy

VY pexumi «rpuiiMmayy 31HCHIOE TPUIOM JJaHUX BiJ] BEJCHOTO MPUCTPOIO. SIK

3BUYANHO, U IEPEMUKAHHS IIPUCTPOIO B PEKUM BEAYUOTr0 MOyb 12C noBUHEH

chopmyBaru Ha muH1 ctaH CTAPT. @opmar agpecHoro nakera, nepeaHoro

CJI1IOM, BU3HAYAE, B IKOMY 3 PEXKHUMIB Oyie npairoBaT Beayuuit. [Ipu mepegaui

naketra SLA + W Moaynbs nepexoauTs B peKUM «IepeaBauy, a Mpu nepeaadl

nakety SLA + R nepexonuts B pexuM «Beayuunii mpuitmau.

®opmysanns crany CTAPT nounnaeTses micnsa 3anucy B perictp TWCR

HAaCTYIIHOT'O 3HAYCHHIA

TWINT TWEA | TWSTA TWSTO | TWWC | TWEN - TWIE
1 X 1 0 X 1 0 X
CxkunyTH Cdopmysaru Jo3Bosnt

npamnop ctan CTAPT poboty 12C

TWINT
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B pe3ynbTati 3anucy BkazaHOTo 3HaueHHs MOAY b [2C mouyHe KOHTPOJIIOBATH
ctad mHH 1 chopmye cran CTAPT Bigpasy xk, K TUIBKH BOHA CTaHE BUIBHOIO.
[Ticns 3akinyenHst popmyBanns ctany CTAPT BcranoBmtoetses npanop TWINT;
KOJI CTaTyCy OBHUHEH MPH IbOMY MaTH 3Ha4YeHHs, piBHe $ 08 (quB. Tadm. 1.8). s
MepEeMUKAHHS MOTYJIS B pexuM «Bemyunnii mepeaaBad» HEOOXiTHO TIepeIaTH 10
mnHi naket SLA + R. JIns 1poro BMICT makeTy 3aBaHTaxyeTbes B perictp TWDR,

a B perictp TWCR 3aHOCHTBCS Take 3HAYCHHS:

TWINT TWEA | TWSTA | TWSTO | TWWC | TWEN TWIE
1 X 0 0 X 1 X
CkuHYTH TIpanop Jlo3BOIMTH

TWINT poboty 12C

[Ticns mepenayi agpecHOro mnakeTa i npuiioMy 0iTa MiATBEPHKEHHS parop
TWINT 3HOBY BCTaHOBIIOETHCS B «1». OTpUMaHui BiJi BEIEHOIO OalT TaHUX
3HaxoauThes npu uboMy B perictpt TWDR. Kop crarycy Ha oMy eTtamni Moxe
MaTH OJHe 3 HacTynHuX 3HadeHsb: $ 38, $ 40 abo $ 48.

Omnucana npolueaypa BUKOPUCTOBYEThCS JJIsl TIEpeaadl BCiX MakeTiB qaHux. [lics
MpUIOMY OCTaHHBOTO OaiiTa JaHUX BEAY4YHi TOBHHEH NPOIH(POPMYBATH MPO 1€
BEJICHOTO TMepenaBaya, rmociasmu curnai HemiareepkeHas (NACK). IMTorim
Belyunii moBuHeH copmyBatu Ha muHi ctad CTOIT a6o [IOBCTAPT.

®opmyBanns crany CTOII nounetscs micns 3anucy B perictp TWCR nactymHoro

3HAYECHHS:

TWINT TWEA | TWSTA | TWSTO TWWC | TWEN TWIE
1 X 0 1 X 1 X
CkuHyTH Cdopmysaru Jo3BonuTtn

npamnop cran CTOII poboty 12C

TWINT

s popmyBanns crany IIOBCTAPT B perictp TWCR HeoOxiaHO 3aHecTu

3HAYCHHS:

TWINT TWEA | TWSTA TWSTO | TWWC TWEN TWIE
1 X 1 0 X 1 X
Ckunytn Cdopmysaru cran Jlo3BonuT

npamnop CTAPT poboty 12C

TWINT
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Komu cratycy nns pexxuma «Begyuuit npuitmau» HaBeneHo B Tabi. 1.9., a

MOCJTITOBHICTH il B IIbOMY PEXHUMI LITIOCTPY€EThCs puc. 1.45.

Tabnuys 1.9 -Koau craryca s pexxuma «Benyduit mpuiiMad

Cran muHy 1 Jii mporpamu Hacrynna nis, 1m0 BUKOHYEThCS
> |Momymst TWI B/3 TWDR B pETicTp moznyinem TWI
& TWCR
<
5 z|<
= SEEE
= wlwl|lk-|kF
$08 |Bys 3aBaHTaXXUTH X [0 |1 |X |byne nepenano SLA+R.
cpopmoBanmii  |[SLA+R Byne orpumano ACK a6oNACK
ctadn CTAPT
$10 |Bys 3aBaHTaXUTH X 10 |1 |X |byxae nepenano SLA+R.
chopmoBaHHit SLA+R Bbyne orpumano ACK a6oNACK
CTaH
ITOBCTAPT 3aBaHTaXUTH X |0 {1 |X |Byne nepenano SLA+W
SLA+W Mopynp NEepeKIOUUTECS B PEKUM
«Benyunii npuiiMau»
$38 |Brpara Her nelictBuit 0 |0 (1 |X |[IpucTpiii 3BUTLHUTH MIMHY 1 TIEpeiiie
IIPUOPITETY B PEXKHMM HEaIpecOBAHOI0 BEIEHOTO
Mpu Tiepeaadl Hewma miit 1 |0 |1 (X |[Ticns 3BUTEHEHHS MIMHA Oy/Ie
HaKeTy copmosano cran CTAPT
aapeca abo
JTAHUX
$40 |bys nepenanmii |Hewma miii 0 |0 |1 |0 |Byxme npuiiHsaTo OAWT MaHUX i
nakeT SLA+R i nepenano HeninTeepxkaeHHs (NACK)
MIPUIHSTO Hewma miit 0 [0 |1 |1 |byne npuiinaro 6alT KaHUX i
HiATBEP)KICHHS nepenano miareepxaeHHs (ACK)
(ACK)
$48 |bys nepenanmii |Hema miii X |byne cpopmonano crtan IIOBCTAPT
naxet SLATRI ey i X |Byze chpopmopano cran CTOIT
TIPHHMHATO (npanop TWSTO 6ysie ckuHyTO)
HCTUITBCPXACHH T ona nifi 1 |1 |1 (X |byzae cdpopmosano cran CTOIL a
1 (NACK) notim ctrad CTAPT (npanop TWSTO
OyJZie CKHHYTO)
$50 |byB npunsituii  |[Ipountatr mani [0 |0 |1 |0 |Byne mpuitasTo GaiiT naHux i
0alT JaHuX 1 nepenano HeniaTeepxkaeHHs (NACK)
Iepe1aHo [Ipountatn nani |0 |0 (1 |1 |Byzse npuiinsaTo 6alT HaHUX i
MIATBEPKICHHS nepenano miareepxaeHHs (ACK)
(ACK)
$58 |bys npunsituii  |[IpounTatu maHi 1 |X |byne chopmoBano cran [IOBCTAPT
Galit naHux i [Ipountaru nani X |byne chpopmorano ctan CTOIT
Heperano (mpamop TWSTO 6y/e cKkuHYTO)
HEIATBCPKICHH [Mpountatu nani |1 |1 |1 |X |Byae chopmoano cran CTOIL a
1 (NACK) notiM ctad CTAPT (mpamop TWSTO
Oy/ie CKHHYTO)
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A DATA

l.om[ A

Cnegayiowas nepeaasa
HAYMHAETCR

€ GOpMMPOBAHVR
cocTosnus NOBCTAPT

(8>
o

$5

Her noareepxaenus
Npu aapecaumm

BeaoMoro

MNotepa npuopuTera

BO BpamA

nepepasn

a/ipeca Wi AaHHbIX

[NoTeps npuopuTeTa,
YCTPOMCTB0 afipecosaHo
BPYTHM BEAYUIMM

Pestcum «Beoenuit npuitmauw)

$10

Begywmit nepegarivx

I DATA

K COOTBETCTBYIOWLM COCTORHMAM
B PEXUME BEAOMOTD

S —coctosHue CTAPT

Rs — cocrostme NOBCTAPT

— cocrosnue CTON

— 3anpoc Ha YTeHme («1s)

— 3aMpoC Ha 33NKCh {«{=)

A —Gurnogreepxpaerus («0=)

A — 6uT HENOATBEPXEHMS («1x)
SLA — 3apec BBAOMOro YCTPOCTBa

=3O

Orsepywero
K BEAOMOMY
Ot Besomoro
K BeAIyLLeMy

OnvH nv HeckobXe GaMT AaHHBX
€ COOTBETCTRYIOWMMM BTamMy nogreepxierva

— MOMEHT ycTaHoskM pnara TWINT, rze
n— koA craryca B peructpe TWSR

Cocrosinust Monyns TWI B pexxume «Benywmii npyieMHUK>

Puc. 1.45

B pexumi «Benenuit mpuitmaw BeIEHUN MIPUCTPIN 3A1MCHIOE TPUIOM TAHUX

B1J Beqydoro. [lepea TUM sik IEpEeMKHYTH MOJYJb B pexKuM «Benenuii mpuitmauy,

CJIiJI 3aHECTH B cTapiii po3psiau perictpa TWAR aapecy mpucTporo 1 BiAMIOBIIHO

J10 JIOT1KH pOOOTH MPOrpaMu BCTAHOBUTU a00 CKUHYTHU MOJIOIINI pO3psi

perictpa (TWGCE). ITotim HeoOxiaHOo 3anucat B perictp TWCR Take 3HaYeHHS:

TWINT | TWEA TWSTA TWSTO TWWC TWEN - TWIE
0 1 0 0 0 1 0 X
Jo3BonuTtu Jo3Bost
1 ITBEPKICHHS poboty 12C

[Ticns imimiamizamii perictpiB TWAR 1 TWCR Moy Oyne odikyBaTu

aJpeCcHOro MakeTa 3 aapecoro, 3a3HaueHoro B perictpi TWAR, a6o aapecy

3arajbHOTO BUKIIWKY (SKIIO 11 pO3Mi3HABAHHS T03BOJICHO). 3HAYCHHS HACTYITHOTO

3a aJpecoro 0iTa HaNpsIMy BU3HAUUTD PEXKUM, B SIKUM MEPEKIIOUUTHCS] MOTYJIb.

ko et 01T Oyae ckuHyTui B «0» (3amuc), Moayib [2C nepexounThes B
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pexum «Beaenuit npuiiMau». B iHIIIOMY BUIaKy MOAY/Ib NEPEKIIOYUTHCS B
pexuM «Benenui nepenasauy.

[Ticns npuitomy nakety SLA + W BctanoButhces ipanop TWINT 1 cran
oOMiHY IO IIMHI MOKHA OyJie, SIK 3BUYaifHO, BU3HAYUTH 3a KOJI0M cTaTycy. 1106
nepepBaTu MOTIK JaHuX, ciijl ckuHyTH B «0» po3psa TWEA perictpy TWCR (ue
MO>KHA 3pO0UTH 1 i yac 0OMiHY, TOOTO npu ckuHytomy npamnopi TWINT). B
pe3yNbTaTi Mmics mepeavi HacTymHoTo Oaitta Ha JiHif0 SDA Oyne Bumanuii
CUTHAJ HEMIATBEPKEHHS], IO CUTHAJII3YE BEAYYOMY IIPO T€, 1110 BEICHUN HE MOXKE
OlnbllIe 3/1IHCHIOBATH TIpUiioM aHux. OOpoOKa aJpeCHUX MaKeTIB MPU CKUHYTOMY
po3psiai TWEA npunusseTses, ane Moxe OyTU BiJHOBJIEHA B OyAb-IKUH MOMEHT
4acy MOBTOPHOIO YCTAHOBKOIO LIbOTO PO3pPsiay.
k1o agpecanis NpUCTPOIO BiAOYBA€ETHCS MPU 3HAXOKEHHI MIKPOKOHTpOJIEpa B
«emsryomy» pexkumi 1 po3psg TWEA Oyne npu iboMy BCTaHOBJIEHUM, MOJIYJIb
[2C nepeBene MIKpOKOHTPOJIEP B POOOUHIA PEKHIM.

Koau crarycy nns pexuma «Beaenuil npuiimau» HaBeaeHo B Ta0i. 1.10., a

MOCJTIIOBHICTD JII B IbOMY PEXKHMI LTIOCTPYEThCS puc. 1.46.

Tabnuys 1.10 - Koau cratycy s pexuma «Begenuii npuiimauy

CraH mmHH 1 Jii nporpamu HacrynHa zis, 1110 BAKOHY€ETBHCS
> |Momyns TWI B/3 TWDR B pericTp moysem TWI
E‘ TWCR
5 z |3
5 NEEE
= wlwl|lkE|F
$60 |bys npwuiinsatuit |Hemae niit X |0 {1 |0 |byzae mpuiiHaTo OalT AaHUX 1
SLA+W 3 nepenano vHeniarseppreHas (NACK)
BJIACHOIO Hewmae niii X |0 {1 |1 |byzae npuiiHaTo OalT AaHUX 1
a/ipecoro Ta nepenano miareepakeHHs (ACK)
BHCIJIaHO
T ITBEPHKEHHS
(ACK)
$68 |Brpara Hewmae miit X [0 (1 |0 |byae npuiiHsaTo OalT HaHUX 1
MIPUOPITETY nepenano vHeninreepmreHas (NACK)
B peXUMI Hewmace nmiit X [0 (1 |1 |byae npuiiasaTo GalT HaHUX i
BEAYYOro ITiJ 4ac nepenano miareeppkeHHs (ACK)
nepeaaqi
SLA+R/W; 6yB
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$70

$78

$80

$88

NPUUHATUI
SLA+W 3
BJIACHOIO
aJpecoro Ta
BUCJIAHO
MTBEPIKCHHS
(ACK)

byB npuiinsatui
3araJibHUM
BUKIJIHK 1
MOCJIaHO

M TBEPIKCHHS
(ACK)

Brpara
MIPUOPITETY

B PEXKHUMI
BEy4Oro IiJI 4ac
nepenayi
SLA+R/W; OyB
NPUAHATUI
3arajbHUN
BHKJIMK 1
MOCIIaHO

M1 ITBEPHKEHHS
(ACK)
[Tpucrtpiii Bxke
aJpECOBaHMI:
OyB NpUHHATH]
0alT maHuXx 1
MOCIIaHO

M1 ITBEPHKEHHS
(ACK)
[Ipuctpiit Bxe
aJpEeCOBAHMI:
OyB MpUUHATHI
OailT JaHux 1
MOCJTaHO
HEMATBEPIKCHH
s (NACK)

Hemae miit

Byne npuitasTo 6aiiT naHuX i
nepenano neniarsepmkennas (NACK)

Hemae miit

Byne npuitasTo 6ailT naHuX i
nepenano niarseppkeHHs (ACK)

Hemae niit

Byne npuitasaTo 6aiiT qaHuX i
nepenano veniarsepmkeras (NACK))

Hewmae niit

Byne npuitnsaTo 6aiiT naHuX 1
nepenano nigreepmkeHas (ACK)

[Ipountaru nani

Byne npuitasaTo 6aiiT naHuX 1
nepenano HeniarseppreHas (NACK)

[Ipountaru nani

Byne npuitasaTo 6aiiT qaHuX 1
nepenano niareepaxkeHHs (ACK)

[Ipouurtaru nani

[IepeMkHyTHCS B peKUM
HEaJpecoBaHOI0 BEJEHOTO;
po3mi3HaBaHHS OyJb-SKUX BUKIIUKIB
3a00pOHEHO.

[Ipounrtaru nani

[IepeMkHyTHCS B peKuM
HEaJpecOBaHOI0 BEJEHOTO;
JI03BOJIEHO po3mizHaBaHHg SLA 3
BJIACHOIO aJPECOI0; J03BOJIEHO
pO3IMi3HABAaHHS 3aTAIbHUX BUKJIHKIB,
ko TWGCE = «1»

[Ipounrtaru nani

[IepeMkHyTHCS B peKuM
HEaJIpecoBaHOr0 BEACHOI0;
3a00pPOHEHO PO3Mi3HaBaHHA Oy/1b-
SIKMX BUKJIMKIB; IICJIS 3BUILHCHHS
muHu 0yne chopmosano cran CTAPT

[Ipountaru nani

IIepeMkHyTHCA B peKUM
HEeaJpecoBaHOIr0 BEJIEHOTO;
J03BOJICHO po3mizHaBaHHsA SLA 3
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$90

$98

$A0

[Tpucrpiii Bxe
aJpeCOBaHMIA:
(3arampHUI
BHKJIMK): OYB
NPUAHATHIA OalT
TAHUX 1 IIOCIaHO
M TBEPIKCHHS
(ACK)
[Tpucrtpiii Bxe
aJ[peCOBaHMIA:
(3aranpHHI
BUKIIUK): OYyB
NPUHHATHI GaliT
JTAHUX 1 IIOCIAaHO
HEMTBEPKCHH
s (NACK)

byB BusBnenui
ctan CTAPT a6o
IIOBCTAPT B
TOH 4ac, Kol
pucCTpiii OyB
aJpECOBaHN B
SIKOCTI BEEHOT'0

BJIACHOIO aPECOI0; I03BOJICHO
pO3Mi3HABAHHSA 3araIbHUX BUKIUKIB,
akio TWGCE = «1» ; micig
3BUTBHEHHS ITUHH Oy/1e ChOPMOBAHO
craan CTAPT

[Ipountaru nani

Byne npuitasTo 6aiiT qaHuX i
nepenano neniarsepmkennas (NACK)

[Ipounrtaru nani

byne npuitaaro 6aiT naHux i
nepenano miareeppkerns (ACK)

[Ipounrarn nani

[IepemkHyTHCA B pexuM
HeaJ[pecoBaHOI'0 BEJIEHOIO;
po3mi3HaBaHHS Oy/Ib-IKUX BHKJIHKIB
3a00pPOHEHO.

[Ipounrtaru nani

[lepeMKHYTHCS B PEKUM
HEaJPECOBAHOI0 BEICHOTO;
JI03BOJICHO po3IizHaBaHHa SLA 3
BJIACHOIO aPECOI0; I03BOJICHO
pO3Ii3HAaBaHHS 3arajlbHUX BUKJIHKIB,
aximo TWGCE = «1»

[Ipountaru nani

[lepeMKHYyTHCS B pexXUM
HeaJ[peCcOBaHOT0 BEIEHOTO;
3a00pOHEHO PO3Ii3HaBaHHS Oy/Ib-
SIKHX BHKJIMKIB; ITICJIS 3BUILHEHHS
muHu Oyne copmoBano cran CTAPT

[Ipouurtaru naui

[IepeMkHyTHCS B peKUM
HEaJPECOBAHOIO BEICHOTO;
J03BOJIEHO po3MizHaBaHHa SLA 3
BJIACHOIO aPECOI0; I03BOJIEHO
pO3IMi3HABAaHHS 3aTAJIbHUX BUKJIHMKIB,
akio TWGCE = «1» ; micisg
3BITbHEHHS MUHU OyJie c(hopMOBaHO
ctadn CTAPT

[Ipounrtaru nani

0

[IepeMkHyTHCS B peKuM
HEaJpecOBaHOr0 BEJIEHOIO;
po3mi3HaBaHHS OyJb-SKUX BUKIIUKIB
3a00pOHEHO.

[Ipounrtaru nani

0

[IepeMkHyTHCS B peKuM
HEeaJpecoBaHOIr0 BEJECHOTO;
JI03BOJICHO po3mizHaBaHHg SLA 3
BJIACHOIO aJIPECOI0; 103BOJIEHO
pO3Ii3HABAaHHS 3araJIbHUX BUKJIHKIB,
saxmo TWGCE = «1»

[Ipountaru nani

IIepeMkHyTHCS B peKUM
HeaJpecOBaHOI0 BEJICHOTO;
3a00pOHEHO po3Ii3HaBaHHS Oy/Ib-
SIKMX BHUKJIUKIB; ITICJIS 3BIIbHEHHS
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muHu 0yne chopmosano cran CTAPT
[Ipountatn nani |1 |0 |1 |1 |[lepeMkHYTHCS B peKUM
HCAAPECOBAHOI'0 BCACHOI'O,
JI03BOJICHO po3IizHaBaHHg SLA 3
BJIACHOIO aApPCCOI0; JO3BOJICHO
pOSHi3HaBaHH5[ 3araJibHuXx BI/IKJ'II/IKiB,
ko TWGCE = «1» ; micisg
3BIILHEHHS IUHU OyJe c(hopMOBaHO
cran CTAPT
Mpvem ceoero ! A
S Gl sta ' w | a | _ DATA A Bﬁrﬂ A |Pum s!
WM HECKONbKUX GanT ]
NaHHbix Bee nockinku @ $80
NOATBEPXAEHL!
MNMocneasmui NPUHATLIA
GanT He noareepxaeH
Moreps npuoputera
B PeXMME BEOYLLUETO U A
aApecalmn B KavecTse
BEAOMOIO
NpvieM appeca obiero ‘ PR L -
BbI30BA W O/IHOTO UAK OGuyi 308 A D_ATf X A | DATA | A b"" S
HECKOABKUX 6ANT NaHHbIX
@ SIRCIC
10CAEAHWA NPYRSTHIA —
GaMT He NOATBEPXAEH A [Pums
$98
Norepn npuopureTa A
B PEXVME BEIyLLErO 1
afpecaiun B KaYecTee
BEAOMOro
S  —cocrostme CTAPT
Rs — coctosHue NOBCTAPT Ot seay1Lero K BesioMoMy
P — cocrosnue CTON
R — 3anpoc Ha YTeHre («1») OT BeOOMOro K BeayLuemy
W  — 3anpoc Ha 3anmck («0»)
A — 6ur noaTBepxaeHun («O») — — —
A — 6uTHenoaTBepXReHMS («1x) DATA A OanH wwm HeCKONLKO AT AAHHBIX
‘ C COOTBETCTBYOLMMY BrTamMu NoaTBEPXAEHUA

SLA — appec BeJOMOrO yCTPOWCTBa

@ — MOMEHT ycTaHoBkv (onara TWINT, rae

n — Ko/ craryca 8 peructpe TWSR

Cocrosinust momynst TWI B pexrime «Benomuiit npueMHUK»

Puc. 1.46
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Peswcum «Bedenutl nepeoasayy

B pexumi «Benenuit mepenaBau» BEACHUIN MPUCTPIH 3M1ACHIOE TTepeaady
JaHUX BEIy4OMY, sIKHH B I[bOMY BUNIIQJKY € TpuiiMadem. [lepen Tum, six
MEPEMKHYTH MOJTYJIb B Il pexXrM, HeOOXiJHO 3aHECTH B CTAPIII PO3PSIN
perictpa TWAR aapecy nmpucTporo i BIAMOBITHO A0 JOTIKH pOOOTH IPOTpaMu
BCTAaHOBUTH a00 CKMHYTU MOJIOAIIHH po3psia perictpa [ToTiM HeoOXiHO 3anucaTi

B perictp TWCR HacTyrHe 3HaYeHHS:

TWINT | TWEA TWSTA TWSTO TWWC TWEN - TWIE

0 1 0 0 0 1 0 X
Jo3BonnTt Ho3Bosnnt
1ITBEPKACHHS po6ory [2C

[Ticns inimianizanii perictpiB TWAR 1 TWCR monynb Oyzie odikyBatu
aJpecHUl makeT 3 ajapecoro, 3a3HadeHoro B perictpi TWAR, abo aapecy
3arajibHOr0 BUKJIMKY (SIKILIO HOTO pO3Ii3HABAHHS JJO3BOJICHO). 3HAUCHHS
HACTYIHOTO 32 aIpecolo 0iTa HAPsIMy BU3HAYUTh PEKUM, B SIKUW TIEPEKITIOUYUTHCS
MOJTyJIb. SIKIIO 1ie# OiT Oyae BcTaHOBJICHHH B «1» (unTanHs), Moxyiib [2C
MEPEKITIOYUTRLCS B pekuM 'Beaenuit nepenaBauy. B iHIIOMY BUTIaIKy MOIYIIb
MEPEKITIOYUTRHCA B pexkuM 'Benenuit npuiimauy. [licns npuiiomy makety SLA + R
BctaHoBuThCs nparnop TWINT, 1 ctan oOmiHa MokHa Oyje, sk 3BUYAHO,
BU3HAYHTH 32 KOJIOM CTaTyCy.

Konu crarycy mis pexxuma «BeneHnuii nepenaBay» HaBeaeHo B Taba. 1.11., a

MOCIOBHICTD JII B IbOMY PEXKHUMI 1TIOCTpY€EThCA puc. 1.47.

Tabnuys 1.11 - Kogu cratycy s pexuMa «Benenuit nepegaBauy

CraH muHY 1 Jlii nporpamu HacrymHa aist, 110 BUKOHY€ETHCS
> |Momymst TWI B/3 TWDR B pETicTp mognynem TWI
5 TWCR
5 z |3
5 s
=4 W k|-
$A8 |bys npwuitastuii  |3aBantaxkutu Aani |[X |0 |1 |0 |Byxe mepemano octaHHiN GaT TaHUX;
SLA+W 3 MMOBUHHO OYTH OTPUMAaHO
BJIACHOIO neninTeepxacHHsI(NACK)
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$B0

$B8

$CO

$C8

aJipecoro Ta
BHCJIAHO

i ITBEPHKCHHS
(ACK)

Brpara
MPUOPITETY

B peXUMI
BEAYYOro IIiJ1 4ac
nepeaaqi
SLA+R/W; 6yB
NPUAHATUI
SLA+W 3
BJIACHOIO
aJIpecoro Ta
BHUCJIaHO

M TBEPIKCHHS

(ACK)

bys nepenaunnii
OaliT maHuXx 1
OTPUMaHO

M TBEPKCHHS

(ACK)

bys nepenanuii
0aiT maHux i
OTPUMAHO
HETIITBEPIKEHH
a1 (NACK)

bys nepenanuii
OaliT JaHuXx 1
OTPUMAaHO

T ITBEPHKCHHS

3aBaHTaXUTH JaH1

X

byne nepenano ocranHiit OalT 1aHUX;
MOBHHHO OyTH OTPUMaHO
nigTepxacHHA(ACK)

3aBaHTaXUTH JaH1

X

byne nepenano ocranHiii OalT 1aHUX;
IIOBUHHO OyTH OTpUMaHO
HeniareepxacHHA(NACK)

3aBaHTaXUTH JaH1

X

byne nepenano ocranHiit OalT 1aHUX;
IIOBUHHO OyTH OTpUMaHO
nigreepxkaeHHI(ACK)

3aBaHTAKUTH IaHl

Byne nepenano ocranHiil 0alT TaHUX;
TIOBUHHO OYTH OTPUMaHO
HeniareepxaeHHI(NACK)

3aBaHTAKUTH IaHl

Byne nepenano ocranHiil 0alT TaHUX;
TIOBUHHO OYTH OTPUMAaHO
niaTBep)kaeHHI(ACK)

Hewmace miit

[TepeMKHYTHCS B PEKUM
HEeaJpecOBaHOT0 BEJICHOTO;
po3mi3HaBaHHs OYAb-SIKUX BUKJIHKIB
3a00pPOHEHO.

Hewmace miit

[lepeMkHyTHCA B pexuM
HEaJpecoBaHOr0 BEJICHOTO;
J03BOJIEHO po3mizHaBaHHA SLA 3
BJIACHOIO aJJPECOI0; J03BOJIEHO
pO3Mi3HABaHHS 3arallbHUX BUKJIHKIB,
skio TWGCE = «1»

Hewmace miit

[lepeMKHYyTHCS B peXKUM
HEeaJIpeCcCOBAHOT0 BEIEHOTO;
3a00pOHEHO pOo3Mi3HaBaHHS Oy/Ib-
SIKMX BHKJIUKIB; ITICJIS 3BUTbHEHHS
ey Oyne cpopmoBano ctan CTAPT

Hewmae miit

[IepeMkHyTHCS B peKuM
HEaJIpecoBaHOr0 BEACHOT0;
JI03BOJICHO po3mizHaBaHHg SLA 3
BJIACHOIO aJIPECOI0; 103BOJIEHO
PO3Mi3HABaHHS 3araJlbHUX BUKITUKIB,
akio TWGCE = «1» ; micisg
3BIILHEHHS MUHU Oy/ie chopMOBaHO
ctan CTAPT

Hewmae miit

IIepeMkHyTHCA B peKUM
HeaJ[pecoBaHOI0 BEIEHOTO;
po3mi3HaBaHHS Oy/b-KUX BUKJIMKIB
3a00pPOHEHO.
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(ACK)

Hewmae niit

[TepeMKHYTHCS B peKUM
HEaJIpecoOBaHOr0 BEACHOTO;
JI03BOJICHO po3IizHaBaHHg SLA 3
BJIACHOIO aJIPECOI0; 103BOJIEHO
pO3Ii3HABAaHHS 3araJIbHUX BUKJIHKIB,
saxmo TWGCE = «1»

Hewmae niit

[lepeMKkHYyTHCS B peKUM
HEaJpecoBaHOrO BEJICHOTO;
3a00pOHEHO PO3Ii3HaBaHHA OyIb-
SIKMX BUKJIMKIB; IICJIS 3BUILHEHHS
mHu O6yae cpopmoBano ctan CTAPT

Hemae niit

[IepemkHyTHCA B pexuM
HEaIPECOBAHOT0 BEACHOTIO;
J03BOJICHO po3mizHaBaHHsa SLA 3
BJIACHOIO aJJpeCcOI0; J03BOJIEHO
PO3Mi3HABAHHS 3araJIbHAX BUKIUKIB,
akio TWGCE = «1» ; micisg
3BUTBHCHHS IIUHH Oy/1e COPMOBAHO
ctadn CTAPT

[Tpu nepenayi ocTaHHbOrO OaliTa JAHUX HEOOXIJTHO CKUHYTH B «0» po3psia

TWEA. Tlicns 1150ro MoyJib repeiizie B cra 3 kogom crarycy $CO0 a6o $C8 B

3ajexkHoCTi Bij Toro, sikuii curHan (ACK abo NACK) nepenacts BeneHuit y

BiJIMTOBIJb. Y cTaH 3 kKogoM crarycy $C8 moayns 12C nepeiine B pasi, SKIIO

BEIy4Hil 3a)KaaB JOJATKOBI AaHi, nepenasiu marsepmkents (ACK),

HE3Ba)KalO4M Ha Te 110 BeJCHUN NepejaBay repeaB OCTaHHIM OaiT 1 OuiKyBaB

curnairy NACK.
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Apwem caoero M i S _[—h——
Rapeca 1 nepenava I—S SLA : R A DATA A DAaTA A IPunmS

wnu Bonee =
HHBIX
s " $CO

loreps npropwrera
B DEXNME BEAYIIEND 1

epenaH nocrenHni Gainr —————
DEXMICUEHVE B DEXMM A  [Bea<l ‘PumsS
ganpecosaHHoro e

o0 (TWEA= o)

— cocronnve CTAPT

— cocrosrve NOBCTAPT Ot senyier o x Befomony

— cocrosHwe CTON

— 3ANPOC K3 HTONNE (~ 1#) OT BEAGMOro K BeIyWEMy

— 3ANPOC Ha 38NNCE («0=)

— BUT NogTBEpKAEHNR («0) ——— - - =

— GUT HENCATBEPXA (1) DATA A Opnwn vnss necxonbxo Gait farHex

— 8APEC BEOMOTD yCTpOHCTBa IO C COOTEEICTBYIOL vt GiaTamit NOATEEDXIEHWR

DATA — Galty naHMbIx <
O — MOMEST yeraHoexv Gnara TWINT, rae
N — K0[ cTaryca B peructpe TWSRH

Puc. 2.126. Coctosirns moiynst TWI B pexume «Bepomblii rnepeaarinKs

Puc. 1.47
[Ticnst mepexony B Oyab-siKui 3 BKazaHUX cTaHiB MoayJib [2C Oyne irHopyBatu
3BEpPHEHHS JI0 HbOTO BeAyuoro. BianmoBiaHo, SKIIO Beay4yuil Oyie mpoaoBKyBaTU
0OMIH MO 1IMHI, BiH OyJie TIOCTiitHO npuiiMaTu 3HaueueHie «1». Obpobka agpecHux
NakeTiB MpHu ckUHyToMYy po3psaal TWEA Takox NpUMIUHSAETHCS, ajle MOXkKe OyTH

BIJIHOBJIEHA B OY/Ib-SIKMi1 MOMEHT 4acy MOBTOPHOIO YCTAHOBKOIO IIbOTO PO3PSY.

Komoinyeannsa piznux pexcumie
Ha npakrtui 111 BUKOHaHHS SIKOi-HEOy b onepauii no muHi [2C koxkHOMY
MIPUCTPOIO JJOBOJIUTHCS BUKOPUCTOBYBATU JIEKIJIbKA PEKUMIB, IEPEMHUKAIOUNCh
MK HUMH TIpY HE0OX1THOCTI. B sIKOCTI npuKiaay po3ristHEMO omeparlito YATaHHS
nanux 13 30BHIIHEFO0ro EEPROM.
Bci onepartii Takoro poy Mo)kHa po30MTH HA YOTUPHU €TAIH:
1) iHimitoBaHHS OOMIHY;

2) mepenada agpecH, 3a sIKO0 MOTPiIOHO MPOYUTATH JIaHi;
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3) BUKOHAHHS YUTAHHS,

4) 3aBepuIeHHs Mepeaayi.

TakuMm YMHOM IIpU BUKOHAHHI omeparllii Big0yBaeThCs nepeaaya iHpopmarii Sk B

BEJIY4OTO0 J0 BEJACHOTO, TaK 1 HaBMaku. [1icis iHiIitoBaHHS OOMIHY I10 IITHHI

BEy4uuil MOBUHEH 3HAXOIUTHCS B pexxuMi «Benenuil mepegaBauy, o0

MOBIJIOMUTH BEJACHOMY aJIPECy, 3a SIKOIO BiH Oyje 31HCHUTH YhTaHHs. JIJist

BUKOHAHHS HACTYITHOTO €Tamy oneparii (Y4MTaHHs JaHUX ) BeAy4YHil TOBUHEH

MEePEMKHYTHUCS B pexuM «Bexyuuit npuiimauy. [Ipu nboMy BiH OBUHEH 30epiratu

KOHTPOJIb HaJl ITKHOIO l'IiI[ yac BUKOHAHHS BCIX €TaliB onepaui'l'. I[JIH ObO0T0

BUKOPUCTOBYETHCA cTaH [IOBCTAPT. V po3risiHyTOMy BUIIAAKY BELy4YHI

(bopMye I.[CI?I CTaH MK nepeaadcro aipcCcu 1 HpI/IfIOMOM JaHHUX, K IIOKa3aHO Ha

puc. 1.48.
Beaywun Beaywun
nepeaaTymk NPUEMHUK
STARTSLA+W| A | Agpec| A [1OBCTAPT|SLA+R OaHHble| A [STOP

D - nepefadva ot pegywero K seomomy

D - nepepadvya oT peJoMOoro K seylemy

Apbimpadsic

Puc. 1.48

VY pa3i npuCyTHOCTI Ha IIMHI AEKUIBKOX BEIYYHX MOXKIIMBA CUTYaLlis, IPU K1

K1JIbKa BEAYYUX OJJHOYACHO MOYHYTh Mpouec oOMiHy. JlJig TaKMX BUIA/IKIB

cnerudikariero [2C nependaueHuit mporec po3noiTy npioputeTis (apoiTpax), B

pesynLTaTi BHUKOHAHHS SKOT'0 Ha IIHMHI 3aJIMIIAI0THECS TUILKH OAHUH Be,Z[y‘II/Iﬁ

npucTpiii. Bukonanus ap0iTpaxy MOXe pO3BUBATHCS 3a PISHUMU CIICHAPISIMU:

1./IBa abo OinpIrie BeAyYuX 3A1HCHIOIOTH OJJHOTUITHUI OOMIH 3 OJTHUM 1 TUM XK€

BEJICHUM. Y IIbOMY BHUIIAJIKy HIXTO 3 HUX HE 3MOXe PO3Ii3HATH KOH(IIIKT Ha IIHHI.

2. JIBa abo OimbIlie BEAYYUX 3BEPTAIOTHCS IO OJTHOTO 1 TOTO K BEJIEHOTO 3 PI3HUMH

JAHUMH a00 PI3HUMU TUIIAMH OOMIHY (YUTaHHS / 3amuc). Y [IbOMY BUIIAJKY
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PO3IOILT IPIOPUTETIB BIAOYAETHCS Mij Yac rnepenadi 0iTiB JaHUX abo OiTa
HanpsMmy. Beayuwuii, skuii BTpaTHB Np1OPUTET, MOXKE a00 MEPEKITIOUUTUCS B PEKUM
HEaJPECOBAHHOIO BEJIEHOT0, a00 JJOUeKaTHCs 3BUIBHEHHS IIUHU 1 cpopMyBaTH
ctad CTAPT s 1i 3axX0omieHHs.

3. JIBa a0o Oijbllie BeAyYUX 3BEPTAIOTHCA O PI3HUX BEIEHUX. Y I[bOMY BUIIAAKY
PO3IOILT IPIOPUTETIB MMOYHETHCS IT1J1 Yac rnepeiayl 0iTiB aipeCHOro makera.
Benyuuii, sskuii BTpaTuB MPIOPUTET, IEPEMKHETHCS B PEKUM BEICHOTO NS
nepeBipky, i He OyB BiH aipeCOBaHUI MPOBITHUM. SIKIIO KOJUIIHIN Beayunid OyB
aJpeCcoOBaHUM, BIH IEPEKIIOUUTHCS B pexxuM «Benenuit nepenaBau» abo «Benenuit
npuiiMauy» B 3aJIEKHOCTI BIJ 3HAUCHHS O1Ta HanpsAMy. SKIo X BiH He OyB
aJIpeCOBaHUM, BIH MEPEKIIOUUTHCA B PEKUM HEAJAPECOBAHHOTO BEJIEHOT0, 00
JIOYEKAETHCS 3BUIBHEHHS IKUHU 1 chopmye HoBuld ctaH CTAPT.

[Ipouec apOiTpaka mokasaHo Ha puc. 1.49.

onfi]  Awewdomsr | nengases | cron

MOTEnH NEMOSITETa NPW TTOTEPR NPHODKTETa NpH
NEPOANNE RARECHONO NAKETA | NBPEJAYE NAXETa A3RHbIX

OCceotonaast wWHiy s NUREXOLNT B PLXKM HEALHECOBAHNOI O BRJLYUEr0
Korpaa umna oceoiomics, Gyaer cOopMrpIsane costosmmo CTAPT

Byner epunnt DalT A2HHLX W BD2EPAUEHO HENOTEeRXACkHe [NACK)
Bynet rpunar DA T A3HHLX # BO2SMILEND NCATEERKAERVE [ATCK)

Yrewue (R) Byrer nepegar nocaamei Dair, nomaio Gas nonyiend HeaonrssnxaeHue (INACK)
Byaer frepeie Ovopamoni Gailt, nonwso Bt ROAYENG NosFeopxaeHse (ACK)

Cocrosinus momyns TWI Bo Bpemst apburpaxa
Puc. 1.49
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JIEKIIISA 8

Ipuxnaau podoru moayass TWI
Ilpuknao 1. BuBeneHHs nanux 3 MiKpokoHTpoJiepa ATmegaSX B mapaieIbHHiA
nopt PCA9554 nns innukanii. Cxema crionydeHHs: MikpokoHTposiepa MK 1
napaiensHoro nopty (I1I1I1) naBenena Ha puc. 1.50.

MK vee nnn

ATmega8 PCA9554
SDA

SCL

PC4
PCS

Ceeroamonn

A2
Al
A

Puc. 1.50. Cxema npuctporo anst oominy ganumu 13 I no intepdericy TWI

[IpuBenena HIX4YE MIporpama BUKOHYE BUBIJI B IIOPT IHBEPTIpyeMOTo 8-
po3psiHOro Koay nanux. [Ipu mepegadi nmakeTiB 3 aapecamu 1 JaHUMHU
BUKOPUCTAHWN MEXaHi3M MPOTPaMHOI TIEPEBIPKHA YMOB YCTaHOBKH B 1 mpamopa
TWINT 1 craniB perictpa TWSR.

[Iporpama mae BUrISA:

; TectoBa mporpama /s BUBO/y JaHUX B MPOTrPaMOBHUI NapaneiabHUi nopt no intepdeiicy TWI

.org 0x000

rjmp init

.include "mSdef.inc" ;(aitn Bu3HaueHbp ATmegaS

def SLA W =117 ;aIpECHUM OalT

.def DATA =718 ;0alT MaHuX (KOMaHIIN)

equi2crd=1 :1-yuranus

equi2ewr =0 ;0-3ammc
;Konu cratyca B pexxumi «Benyumnii
nepeaaBayy

.equ START= 0x08 ;micnst CTAPTy

.equ MT_SLA_ACK =0x18 ;TCIIS TIepenayi aapecu

.equ MT_DATA_ACK = 0x28 ;TICIIA TIepenadi TaHux

init; Idi rl6,HIGH(RAMEND) [HIami3amis MOKaKUYNKa CTEKA
out sph,rl6
Idi r16,LOW(RAMEND)

out spl,ri6
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loop:

Send_Start:

Send_Adr:

Idi rl6,12

out TWBR,rl6

Idi r16, (1«TWEN)
out TWCR,rl6

Idi r20,0xAA

rcall Send_Start

Idi SLA_W,$40+i2cwr
rcall Send_Adr

Idi DATA,$03

rcall Send_Com_Data
Idi DATA,0x00

rcall Send_Com_Data
rcall Stop

rcall Send_Start

Idi SLA W, $40+i2cwr
rcall Send_Adr

Idi DATA,$01

rcall Send_Com_Data
mov DATA,r20

rcall Send_Com_Data
rcall Stop

com 120

rimp loop

Idi r16, (1«TWINT) I (1«TWSTA) |
(1«<TWEN)

out TWCR,rl6

waitl:

inrl6, TWCR

sbrs rl6, TWINT

rjmp waitl
inrl6, TWSR
andi rl6,0xF8
cpi rl6,START
brne error

ret

out TWDR,SLA W

Idi r16, (1«TWINT) I (1«TWEN)
out TWCR, rl6

wait2:

inrl6, TWCR

sbrs rl6, TWINT

rjmp wait2
in rl6,TWSR

;ITinroroBka TWI o pobotu
; Jliist wacrotu Felk = 4 MI'ig
; TWBR=12 TWPS=0

; Fscl =100 KT'g

; TaH1 I BUBOAY

;HacTpotika mikpocxemu TIITIT
;TeHepallisi crapToBoro 6ira
;TIOCHJIKA ajipeca+3amnuc

;KOMaH/1a 3a1ucy B OpT KOH}irypartii
;Hactpoiika LTI Ha BuBOA
;TeHepallisi CTOIOBOro OiTa
:BuBog manmnx

;TeHepallisi CTapTOBOTO OiTa
;IIOCHIIKA apecy+3aIucy
;BUXITTHOH pericTp

;BUBI1J JaHUX

;TeHepallisi CTonoBoro oita

;IHBEpTYBaHHS
;TIOBTOP BHBOJY

; @yHKLIT pe’kuMa Beydero nepeaapaya

;ymoBa crany START

; OUIKYBaHHsI BCTAaHOBJICHHS ITparopa
TWINT

;nepeBipka BukoHaHHs CTAPTa

;3aBAHTAXXCHHS ITaKCTa 3 aIpCCOr0

;repenaya

; OUIKYBaHHSI BCTAHOBJICHHSI Iparnopa
TWINT
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Send_Com_
Data:

Stop:

error:

andi rl6,0xF8

cpi rl6,MT_SLA_ACK
brne error

ret

out TWDR,DATA

Idir16, (1«TWINT) I (1«TWEN)
out TWCR,rl6

waits:

in rl6, TWCR

sbrs rl6, TWINT

rjmp waits

in rl6, TWSR

andi rl6,0xF8

cpi r16,MT_DATA_ACK
brne error

ret

Idi r16, (1«TWINT) | (1«TWEN) |
(1«TWSTO)

out TWCR,rl6

Idi rl6,0xIf

wait4:

dec rl6

brne wait4

ret

ret

;TIepeBipKa BUKOHAHHA Nepeaayi

;3aBaHTaKEHH OaliTa MaHuX

;Tepenaya

; OUIKYBaHHsI BCTAHOBJICHHS ITparopa

TWINT

;TIEpeBipKa BUKOHAHHS TIepenayi

; ymoBu ais crany STOP

;3aTpuMKa 175 ctany STOP

Ilpuknao 2. OOMiH TaHUMU MK BETy4YUM 1 BEJICHUM MIKPOKOHTPOJIEPAMHU T10

inrepdeiicy TWI (puc. 1.51).

MK2

NCC
MKl e
ATmega8
PC4 SDA
PCS SCL
Swo
|,_\_
[Mpocuorp

ATmegas
PD7
PC4
g
PCS a
£
2
o
PDO
PBO

Puc. 1.51. Cxema mpuctporo 11 00MiHy ganumu 1o iHTepdericy TWI mix

JIBOMSI MIKPOKOHTpOJIEpaMu

3amiCcTh 30BHIIIHIX PE3UCTOPIB, HEOOXIMHUX crerudikallieto iHTepdeicy,

BUKOPHUCTOBYIOTHCSI BHYTPIIITHI MIATATYBaJIbHI pe3uctopu BuBoiB PC4, PC5

BEJICHOTO MIKpPOKOHTpOJIEpa. Y poJil Beydoro Buctymnae Mikpokontpoiaep MK1, B
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poui BeaeHoro - MikpokoHTpoJiep MK2. Po6ounit pexxum MK2 - pexum

OYiKyBaHHS

Ilpozpama nepeoaui 6e0yu020 mMikpokonmpo.epa 6ynyeThes MoaiI0H0 10

nonepeaHporo npukiaay. KoxxeHn nepenanuii makeT MiCTUTh CITyKOOB1 O01TH, OalTH

anpecu 1 0alT nanux. Huxde HaBeIeHO OCHOBHUN MOJYJIb TPOTPAMHU IS

nepeaavi TphOX CHMBOJIIB MOBiAOMIIeHHS 110 iHTepdeiicy TWI. dyukmii Send

Start, Send_Ack, SendjCom Data, Stop Ti x, 110 1 B MONepeTHLOMY HPHUKIIAII:

; OCHOBHHMIA MOJyJb POTPAMU JUIsI TIepeiadi MOBIIOMIICHHS BeIy4lM MikpokoHTposiepoM MK mo
inTepdeiicy TWI
; Bukiukarorsest pynkuii Send_Start, Send_Adr, Send_Com_Data,; Stop Ti %, 110 i y npuxiai 1
: 3'equanns: PC4mk1-PC4mk2, PCSmk1-PCS5MK2

init;

output:

.org 0000

rjmp init

.include "mSdef.inc"
.def temp =rl6

def SLA W =rl7
.def DATA =rI8
.def count =rl9
equi2ewr =0

.equ START = 0x08

.equ MT_SLA_ACK =0x18
.equ MT_DATA_ACK =0x28
1di r16,HIGH(RAMEND)

out sph,rl6

Idi r16,LOW(RAMEND)

out spl,rl6

Idi ZL,low(text*2)

Idi ZH,high(text*2)

Idi count,3

1dir16,12

out TWBR,rl6

1di r16, (1«TWEN)
out TWCR,rl6

rcall Send_Start

Idi SLA_W,$44+i2cwr
rcall Send_Adr

Ipm

mov DATA,10

;(aiin BusHaueH» ATmegaS

;allpeCHUiA OaiiT

;0alT MaHKUX (KOMaHIM)

;IIYMIIBHUK JaHUX

:0-3ammc

;Konu craryca B pexumi «Benyuunit nepenaBau»
;micng CTAPTy

;ITCIIS TIepeaayi aapecu

;TTIICIIS TIepeiadi JaHuX

:iHiIami3arisa moKaXKYruKa cTeka

; 3aBAaHTAKEHHS aJIPECH TEKCTY MOB1IOMIICHHS
; B pericTp Z

;BCTAHOBJICHHS JITYMJIBHHAKA TTepeIad
;IlinroroBka TWI 1o pobotu

;001 gactotd Felk =4 MI'g

: TWBR=12, TWPS=0

; Fscl=100 KI'g

;BUBIJ JaHUX
;TeHeparlist crapToBoro 6ira
;TIOCUJIKA aapeCcU+3amuc

;auTanHs Oaity 3 flash-mam‘siti B 10
;BUBI1J TaHUX
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rcall Send_Com_Data

rcall Stop ;TeHepallisi CTOMOBOTO OiTa
adiw zl,I ;301IIBIIIEHHS TOKAXKYMKa agpec Ha |
dec count ;3MEHIICHHS JIIYMJIbHUKA Ha 1
brne output
loop: rimp loop ;Iepeiaya BUKOHEHA
text: .db ‘A’,'V°,'R’ ;TEKCT IOBITOMJICHHS

; (ASCII — xomu $41, $56, $52)

Ilpozpama éedenozo mikpokonmpoaepa Mae HaACTYIIHY CTPYKTYpPY:
a) MOYaTKOBA 1HILIATI3a1[isl MIKPOKOHTPOJIEPa, BKIOYAIOUM BU3HAYCHHS
MOKaXYMKa CTEKa, JTYMIbHUKA TPUUHATUX JaHUX, HAJTAIITYBaHHS TOPTIB,
niarotoBky moayis TWI,
0) 103BUI IEpEepUBaHb 1 MEPEX1]] B PEKUM OUIKYBAaHHSA [I€PEPUBAHb;
B) 00poOKa 3anuTiB nepepuBanb Bii Moayist TWI, o 3abe3nedye mpuiiom
MakKeTiB 3 OallTaMu ajpecy, KOMaHIM 1 TaHUX; 30epeKeHHs 0alTiB MOBIIOMJICHHS Y
BHyTpimHi#i mam'sti SRAM; migpaxyHok uncia 6aiTiB IpUHHSATOTO
MOBIJJOMJICHHS; 110 3aKIHYEHH1 IPUIOMY - TIOCIIIOBHUYM BUB1I OaliTiB

MOB1IOMJICHHS TTpH HaTucKaHHI kHOKU SWO.

Huxue HaBeeHO pparMeHT NMporpamMu BeJIEHOT0 MIKPOKOHTPOJIEPA, 10 BKIIOYAE
npoLeaypy iHiuiamizaiii, 1 00poOHuK nepepuBanb Big moaynst TWI, 1o

3abe3neuye mpuitoM moBigomiieHHs o inTepdericy TWI 1 36epexxeHHs B mam'sTi.

; [Iporpama npuiiomy no inrepdeiicy TWI mis BeneHoro mikpokontposepa MK2 (ocHoBHUi
(bparMeHT mporpammu)
; 3'eqnanns: SWO-PBO0, nopt PD-LED

.org 0x000

rjmp init

.org 0x011

rimp TWI_INT ;Iepexia 10 00poOKH repepuBaHb
.include "mSdef.inc" ;daiin BusHaueHb ATmegaS

.def count =22 ;IYMIBHUK TaHUX

.def temp =rl6

;Komu cratyca B pexumi BEICHOTO
npuiimMaya
.equ TW_SR SLA ACK =0x60 ;TIPUHATO OAMT 3 aJipecoro
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init;

loop:

TWI_INT:

TW_WAIT_DATA:

TW_WAIT_STOP:

.equ TW_SR_DATA_ACK =
0x80
.equ TW_SR_STOP = 0xA0

1di r16,HIGH(RAMEND)
out sph,rl6

Idi rl6,LOW(RAMEND)
out spl,rl6

clr temp

out DDRB,temp
sbi PORTE,0
ser temp

out DDRD,temp
out PORTD,temp
Idi count,3

Idi XL,0x80

1di XH,0x01

Idi temp,0x30

out PORTC,temp

1dir16,12

out TWBR,rl6

Idi r16,0x44

out TWAR,r16

di r16, (1«TWINT) I (1«TWEA) |
(1«TWIE) | (1«TWEN)

out TWCR,rl6

sei

rimp loop

in rl6, TWSR
cpirl6,TW_SR SLA ACK
brne ierror

1di 116, (1«TWINT) I (1«TWEA) |
(1«<TWEN)

out TWCR,rl6

in rl6, TWSR

cpi rl6,TW_SR_DATA_ ACK
brne TW_WAIT_DATA
inrl6, TWDR

St X+,rl6

1di r16, (1«TWINT) I (1«TWEA) |
(1«<TWEN)

out TWCR,rl6

inrl6, TWSR

;TIPUHSATO OalT TaHUX

;BUsABJIeHUM ctad STOP
;Imimiamizamisg Begenoro MK
JHImam3arnis IMoKa)X4nuKa cTeka

;HacTpoiika BuBojia nopra PBO Ha
BBOJ

;HacTpoiika BUBOJI0B nopta PD Ha
BUBOJ

;BCTAHOBJIEHHS JIIUMJIbHUKA OaliTiB
;B perictpe X anpeca, 3a sKiit
3aMMCYIOTHCS MPUUHATI AaHi
;IlinroroBka TWI 1o po6otu

! IMIAKITFOYEHHS T ATATal0YNX
pesucropiB Ha miHisIXx SCL,SDA

;01 Felk = 4 MI'm, TWBR=12

; TWPS=0 Fscl=100 KI'1
;anpeca puctporo 12C

;3aIyck oominy o TWI
; HECKIHYEHHUH ITUKJT OUIKyBaHHS
;OO6pOOHUK NepepUBaHHS Bij

MOYJIS

;Ilepia nepeBipka

;Jpyra nepesipka

; 30epexeHHs OaliTa JaHUX B
nam'sari

; ouikyBaHHA ctany STOP
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ierror:

OUTLED:

WAIT_SHOW:

cpi r16,TW_SR_STOP
brne TW_WAIT_STOP

dec count

brne ierror
rcall OUTLED
reti

1di 116, (1«TWINT) I (1«TWEA) |
(1«TWIE) | (1«TWEN)

out TWCR,rl6
reti

cr temp

out PORTD,temp
Idi XL,0x80

Idi count,3

sbic PINB,SHOW

rjimp WAIT_SHOW
Id temp, X+

com temp

out PORTD,temp
rcall DELAY

dec count

brne WAIT_SHOW

ret

JIEKIIIA 10

;Tpers nepesipka

; baliT TaHUX NPUIHATO
;3MCHIIICHHS JIIYMJIBHUKA TAHUX

; IKIIIO0 HE BCE, MPOJIOBKYEMO,

; [HaKIIe BUBOIMMO Ha 1HIUKATOPH

;Tiepe3anyck inrepderica

.BuBon Ha innukaropu
;CUTHAJII3aIlisl - IPUHOM
3aBEPIICHU I

; YCTaHOBKA [MOYaTKOBO1 aipecu
;BCTAHOBJICHHS JIIYMJIbHUKA OalTIB

; OUIKYBaHHS HATUCKaHHS KHOIIKH
SHOW

; 3UNTYBaHHs OaiiTa 3 mam'sari
; IHBEpTYBaHHS

: 1 BUBIJ HA CBITJIOI0IA
;3aTpPUMKa

JIKIIO ITOKa3aHl He BCE IaHi,

; IPOJIOBKCHHS 110 HATUCKAHHIO

SHOW

CAN inTepdeiic

Busnauenns

Mepexeuit intepdeiic CAN (Controller Area Network) 6yB po3pobiienuii B

1987r. (Bepcis 1.0) dipmamu BOSCH 1 INTEL miist ctBOpeHHST 60pTOBHX

MYJIBTUIIPOIIECOPHUX CUCTEM peanbHOTo Yacy. OcTtaHHs crierudikaris

iHTepdeiicy 2.0, pozpodaena dipmoro BOSCH B 1992r., € nonoBHEeHHIM

nonepeaHboi Bepcii. Y Mi>KHApOIHIM opraHizalii o cranaapTu3arii

3apeectpoBaHo aBa ctangapta : [SO 11898 (111 BUCOKOMIBHIKICHUX

3actocyBanb) 1 [SO 11519-2 (st HU3LKOIIBUIKICHUX 3aCTOCYBAHb ).
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CAN inTepdeiic siBisie cO0010 MOCTIAOBHY MaricTpalib Ta MPU3HAYCHUN IS
Opraizailii BACOKOHAIITHIX HEAOPOTHX KaHATIB 3B'SI3KY B PO3IMOILIICHUX
cucTeMax yrnpaniiHHs. [HTepdeiic mupoko 3aCTOCOBYETHCS B TPOMHUCIIOBOCTI,
SHEepreTHIl 1 Ha TpaHcropTi. Jlo3Bossie OyIyBaTH SIK JIelIeBl MyJIbTUILICKCHI
KaHaJIM, TaK 1 BACOKOIITBHUJIKICHI MEPEXi.

CAN inTepdeiic 3abe3neuye yB'sI3Ky B MEPEKY "IHTENIEKTYaaIbHUX" IPUCTPOIB
BBECJICHHSI/BUBEICHHS, JATYHMKIB 1 BAKOHABYMX MPUCTPOIB IEIKOTO MEXaHi3My ab0
HaBITH MIANPUEMCTBA. XapaKTEPU3YETHCS TPOTOKOJIOM, 110 3a0e3meuye
MO>KJIMBICTh 3HAXOJ[KEHHS HA MaricTpali JEKUIbKOX BEAYy4lX MPUCTPOIB,
3abe3reuye nepeaady JaHUX B pealbHOMY MacIITadl 4acy 1 KOPEKIi0 MOMUJIOK,
BHCOKOIO 3aBaJIOCTINKICTIO.

VY BignosigHOoCTi 10 Momeni ISO/OSI CAN miapo3ainssTees Ha piBHI:

e PiBens nepenaui nanux (Data Link Layer)
o ®izuunwuii pisens (Physical Layer)

Pigenwv nepeoaui danux iHaxiie '00'€eKTHHI PIBEeHb a00 KaHAJIbLHUMN PIBEHB,
NpU3HaYeHUH 114 3a0e3MeYeHHs B3aEMO/I1i Mepex Ha (pI3MUHOMY PIBHI i
KOHTPOJTIO 32 TOMUJIKAMH, SIKI MOXKYTh BUHUKHYTH. OTprUMaHi 3 (i13U4YHOTO PiBHA
JIaH1 BiH YIIAaKOBY€E B KaJIpH, MEPEBIps€ HA IITICHICTD, SKIIO MOTPIOHO, BUIIPABIISE
NOMMWIKH ((pOpMy€e MOBTOPHUH 3aIUT MOIIKOXKEHOTO KaJIpy) 1 BIAMIPaBIIsS€e HA
MepeXHHI piBeHb. KaHanpHUI piBEHb MOXKE B3a€EMOJISTH 3 OJTHUM a00
JeKUIbKoMa (PI3MYHUMHU PIBHSIMH, KOHTPOJIIOIOUHU U YIIPABIISIOUH LI€I0
B3aemoiero. Crnernudikartist IEEE 802 po3ninise mieit piBeHb Ha ABa MiApiBHS:

e [limpiBens noriunoro kepysanus jgiHiero (LLC logical link control)
e IligpiBeHb KepyBaHHS JOCTYNOM 0 cepenoBuia nepegadi (MAC
media access control)

MAC niapiens siBisie cob6oto siapo nporokony CAN. Bin nepenae
noBiioMJieHHs, oTpuMani Bij LLC miapiBHS, 1 TpuiiMae MOBIAOMIICHHS, SIKi OY1yTh
nepenani 10 LLC migpiBas. MAC niapiBeHb BIANOBIIATBHUM 3a apOiTpak,

1 TBEPKCHHS, BUSIBJICHHS TTIOMIJIOK 1 iX CUTHAJII3AIIiIO.
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LLC migpiBeHb - Ma€ BiAHOIICHHS 10 (PiabTpallii MoBiIOMJICHb, TOB1IOMJICHHIO
PO TIEPEBAHTAXKECHHS Ta YIIPABIIHHIO BITHOBJICHHSIM.
Dizuynuii pigenb BU3HAYAE, IK CUTHAIU (aKTHUYHO MEPEIatOThCs 1, OTKE, Ma€
CIIpaBy 3 OMKCOM OITOBOI CHHXPOHI3aIlli 1 KOJyBaHHs O1TiB. YcepeauHi miei
crienu@ikailii XapaKTepUCTHKH repeaaBada / mpuitmMada Qpi3u4HOTO PiBHS HE
BHU3HAYEHI, 11100 JT03BOJIMTH CEPEJAOBHII MEpeaadl Ta peasizallii piBHS CUTHATY
OyTH OMITUMI30BaHUMH JIJII KOHKPETHUX CHUCTEM.

besnocepenuro ctanpapt CAN Big Bosch BuzHauae nepenauy y BiJipuBi Bijl
(b13MYHOTO PIBHA - BIH MOXE OYTH SIKMM 3aBIOJIHO, HAIIPUKIIA/I, paiiloKaHaIOM abo
ontoBosiokHOM. Asie Ha mpakTuii mijg CAN-Mepeskero 3a3Bu4ail MaeThCsl Ha yBasi
MEpEeXy TOMOJIOTIT «IITMHAY 3 (I3UUYHUM PIBHEM Yy BUIIISIAL TU(epeHIialbHOl TapH,
Bu3HavYeHNM B cTanaapti 1SO 11898. [lepemaua BemeThes kKaapamu, sKi
NPUIMAIOTHCS YCIMA BY3JIaMH MEPEXKI.

Peyecueni i dominanmmi 6imu
Jlns aberparyBanHs Bif cepenoBunia nepenadi cnenudikariss CAN yHukae
OMMCYBAaTH JIBIMKOB1 3HaueHHS K «0» 1 «1». 3aMICTh I[OTO 3aCTOCOBYIOTHCS
TEPMIHU «PELIECUBHUI 1 «JIOMIHAHTHHI, TP IIbOMY MAETHCS HA yBa3i, M0 MPU
nepeadi OJTHUM BY3JIOM MEPEXkK1 PEleCUBHOTO 01Ta, a 1HIIUM JJOMIHAHTHOTO,
npuitHATUYN Oye noMiHanTHUI O01T. Hanpuknan, mpu peamnizaiiii ¢pi3H4HOTO PiBHS
Ha pajioKaHalll BIICYTHICTh CUTHAJTy O3HAYa€ PEIECUBHUM OIT, a HAsIBHICTb -
JIOMIHAHTHUH; TOJII SIK B TUMOBOI peaizallii mpoBiHOT Mepexki periecii OyBae mpu
HAsSIBHOCTI CUTHAITY, a JIOMIHAHT, BiJIMOBITHO, 32 BIACYTHOCTI. CTaHIapT MEepexKi
BHUMArae BiJl «(pi3M4HOTO PiBHA», PAKTUYHO, €JUHOTO YMOBH: 11100 IOMIHAHTHUN
OIT MIT IPUAYIIUTH PEIIECUBHUH, aJie HEe HAaBMaku. Hanpukiam, B ONTHYHOMY
BOJIOKHI JIOMIHAHTHUM 01Ty TOBUHEH BIMIOBIJIATH «CBITJIO», @ PEIICCUBHUM -
«TeMpsBay. B enekrpuyHOMY ApOTi MOKe OyTH TaK: PElIECUBHE CTaH - BUCOKA
HamnpyTra Ha JiHii (BiJ JKepesa 3 BEJIUKUM BHYTPIIIHIM OMIOPOM), TOMIHAHTHE -
HHU3bKa Hampyra (BCi BY3JIM MEPEXi «IIATATYIOThY JIHIIO Ha 3eMITI0). SIKIIO JiHis

3HAaXOJUTHCS B PELIECUBHUM CTaHi, IEPEBECTH ii B JOMIHAHTHE MOXeE Oyab-sIKUH
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BY30J1 MEpeXKi (BKIIOUMBIIH CBITJIO B ONTOBOJIOKHI 200 3aKOPOTHUB BUCOKA
Harnpyra). HaBnaku - He MOKHa (BKJIFOYMTH TEMPSIBY HE MOKHA).
Texniuni xapaxmepucmuxu
XapaxkTtepuctuku CAN inTepdeiicy 3BeneHo B Tabdmuiro 1.12

Tabmums 1.12. Xapakrepuctuku CAN inTepdeiicy

Crangapt 1SO 11898
[IBuaKicTh IEpeaaul 1 MOit/c (MakcumyMm)
Bincranb nepegaui 1000 M (MakcuMyM)

. . mudepeHIiagbHa HanpyTa, CKpydeHa
XapakTep CUTHaIIy, JIiHII nepeayi AngepeHI pyra, CKpy4

napa
KinbkicTe apaiiBepi 64
KinbkicTs mpuitmadiB 64
Cxewma 3'eqHaHHS HaIBIYIUIEKC, 0araToTOYKOBa

[[IBuakicTh IEpeaadl 3a1a€ThCs MporpaMHo 1 Moxke 0ytu 10 1 Moit/c.
KopucryBau Bubupae mBUAKICTh, BUXOISYM 3 BiJICTaHEH, Yrciia aDOHEHTIB 1

€MKOCTI JIiH1i nepenayi, Tabdmn. 1.13.

Tabmuug 1.13. 3anexnicts mBuakocTi CAN iHTepdeiicy Bia BijiCTaHI.

Bincranb, M
25 50 100 250 |500 1000 |2500 5000

IIBunkicts, KoiT/C
1000 800 500 (250 (125 50 20 10

MakcuMasnbHe 4uciio aOOHEHTIB, MAKIIOUEHHUX JI0 TaHOTO 1HTepdency

q)aKTI/I‘IHO BU3HAYA€THCA SI[aTHiCTIO HaBaHTaXXCHHA 3aCTOCOBAHUX anﬁMaqu.
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Hanpuknaz, npu Bukopuctanti Tpancusepa gipmu PHILIPS PCA82C250 Bona
nopisaioe 110.

[Iporokon CAN BUKOPUCTOBYE OPUTIHAIbHY CUCTEMY aJipecallii MOBIJOMIICHbD.
KosxHe nmoBigomiieHHs 3a0€31euy€eThes 11IeHTH(DIKATOPOM, KU BU3HAYA€E
IIPU3HAYECHHS [IEPEJaBaAHUX JaHMX, ajie He afpecy NpuiimMada. byab-aKkui npuiMay
MOXe pearyBaTH SIK Ha OJIUH 1IeHTU(IKaTOp, TaK 1 Ha JAekiIbka. Ha oqun
11eHTH(IKATOP MOXKYTh pearyBaTH JeKijbKa MpUiiMayiB.

[Tporokon CAN Mae po3BUHEHOIO CUCTEMOIO BUSIBJICHHS 1 CUTHAJI3aIli1
nOMIIOK. [[71s1 IIUX 1ijiel BUKOPUCTOBYETHCS MOPO3PSIAHUI KOHTPOJIb, MIPSIME
3aIO0BHEHHS 01TOBOTO MOTOKY, IepeBipKa nakeTy nosigomieHHss CRC-noniHoMoM,
KOHTPOJIb (hOPMH MaKETy MOB1IOMIIECHB, TATBEPIXKEHHS MPABUILHOTO TPUIOMY
NaKeTy JaHUX. XeMMIHIOBUM 1HTepBai d=6. 3aranpHa BIPOTiIHICTb HEBUSABIEHOI
mommike 4.7x10™,

Cucrema ap6itpaxy npotokosry CAN Bukitouae BTpaty iH(popmariii 1 yacy
npu "31TKHEHHAX" Ha IIUHI.

[aTepdeiic 13 3acrocyBanHsaM npoTokoiay CAN Jerko aganTyeTbes 10
Gbi3ugHOTO cepeoBuIIa repeaadi iHpopmarrii.

Opeanizayis mepeaci na ocnosi CAN inmepdpeticy

[Tpuctpoi B CAN-cuctemi 3'eqnyroThCs 10 muHi (puc. 1.52).

Ham 6ynemo posrisgaTu BUnaaok, koiau curdaiu B CAN muH1 €
CNCKTPUYHUMH. B 11bOMy BHIIA/IKy MacuBHUY (PEIIECUBHUI) CTaH HIMHU
BIJIMIOBI1a€ PiBHIO JIOTIYHOI 1, a aKTUBHUH (JOMIHYIOUYE) CTAH BiIMOBIIA€ PIBHIO
noriunoro 0. Koy 1o mumH1 He nepearoThes MOBIIOMIICHHS, BOHA NepelyBae B
nacuBHOMY cTaHi. [lepenaya moBimOMIICHHS 3aBXIU MOYHMHAETHCS 3 JOMIHAHTHOTO
oOiTa.

CAN 1IvHa npeicTaBieHa BUTOIO MAPOI0 (EKpaHOBAHO a00 HEEKPaHOBAHOIO)
1 3arasibHUM ApoToM. [1nocka napa (TenedoHHMIT TUIT KaOeI0) TaKOXK MPALOe
n00pe, aje 4yTIuBiIIa 10 30BHIINIHIX HKEPEIT yMy. Y Cl IPUCTPOi, 110 BXOISThH B

mMHY.3'€eTHaH1 3a "'MOHTaXHUM "
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Puc. 1.52. 3'eqnanns npuctpoiB no CAN-muH1

[ToBimOMIIEHHSI TaHUX, TIepeiaBaHi 3 Oyab-skoro By3ia 1o CAN-1uHi,
MOXYTbh MICTUTH Bij 1 10 8 OaiiT. KoxkHe MoB1IOMIIEHHS TOMIYEHE
1AeHTU(IKATOPOM, IKUH B MEpEXi € yHIKaIbHUM (Hanpukiaa: "Harpisatu go 240",
"BigmoBa HarpiBy","bynkep 3aBanTaxeno", 1 Tak qami). [Ipu nepenayi iHmIi By3iau
MepeXi OTPUMYIOTh TOBIJJOMJIEHHS 1 KOKEH 3 HUX NEpeBipsie 1IeHTU(PIKATOP.
SIK1110 TTOB1IOMJICHHSI Ma€ BITHOIIEHHS JI0 IaHOTO BYy3Jia, TO BOHO 00poOJIs€ThCH,
1Hak1e — irHopyerbesa. CAN-KOHTpOJIep KOXKHOTO 3 IPUCTPOIB MOXKE 0OPOOISTH
OJIHOYACHO JeKUIbKa 11eHTU]ikaTopiB (Hanpuknaa, koutpoiaepu SIEMENS i
INTEL moxyTh 06po06:siTi 10 15). Takum 4riHOM, B KOKHOMY 3 TIPUCTPOIB MOKHA
JIETKO OpraHi3yBaTH JEKiIbKa "BIpTyalbHUX" KaHAIIB 0OMIHY 1H(OpMALIELO 3
PI3HUMU TIPUCTPOSIMHU, BKIFOUAIOYN KaHAIA OJTHOYACHOTO 3700y TTS MOBIAOMIICHD.

Y CAN- Mepexi € MOKITUBICTh OJJHOUACHOT TIepe/iadi MOBIAOMIIEHB BiJIpasy
JEKUTBKOM MPUCTPOsiM. L{st 0coOMMBICTh 103BOJISIE TIEPEAaBATH 110 Hil
CUHXPOCUTHAJIH.

Hogi mpucTpoi, npu3HadeHi i mpuioMy JaHUX, MOXKYTb JJOJIaBaTUCS 10
Mepexi 0e3 3MIHM BiK€ ICHYIOUMX MPOrpPaMHUX 3aC001B, SKILO 1X MiIKIIOYEHHS He
MIPU3BOUTH JI0 TIEPEBUIIICHHS 3/JATHOCTI HABAHTAKEHHS 1 MAKCUMAJIBHOI JTOBKHHU
muHU. [Ipy 1boMy HOBI MEpPEKEB1 TPUCTPOT 34aTHI 0OMIHIOBATUCS 1H(DOPMAIIIEIO
MIK c0000, HE TOPYIIYIOUX MPaE3/IaTHICTh CTAPOi CUCTEMH, SKIIO B MPOTOKOJI1

0oOMiHy OyJTi BUKOPHCTaH1 HOBI 11€HTU(DIKATOPH.
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Taxum unnoMm, npuitHsaTa B CAN-Mepexi cxema nepezadi MoBiAOMIICHb
3abe3reuye BEeIUKI MOKIMBOCTI IIPU CTBOPEHH1, PO3IIUPEHH1 1 MOJIepHI3aIlii
CHCTEM.

CAN - By37H SIBIISIFOTH COO0I0 KOHTPOJIEPH, K1 3MIMCHIOIOTH MPOTIEAYPY
npuiioMy-Tiepeaadl JaHUX 1 MaloTh JIOTIKY 00CITyroByIOUy NOMUIKH. Bel By3nmu
CTHOYaTKy BKJIIOUEHI Ha pUiioM iHpopMaIiii.

Tunosa ctpykrypa CAN-Mepexi 3 MIKpOKOHTpOJIEpaMu HaBejleHa Ha puC.

1.53.

Yien A ¥Yzen B Yien B

00LexT
yNpaen eHWA

Ynpaenaww ui
KOHTpORNep

o O 2
(apyrue yanei)

C167CS

CAN-koHTpOnnep

DopmupoeaTent
CAN-w HbI

\CRN_H
RH u CAN-wuHa Uon u RH

Puc 1. 53 Tunosa ctpykrypa CAN-mepexi

By3zoxa A sBisie co6oro 3‘eqHeHHs Kepyrodoro koHTposepa 80C166 (6e3
BOynoBanHoro CAN-inTepdetica) 3 CAN-konTposiepom SAE81C90 ta muHHUM
dopmyBauem TLE 6252. By3znu b ta B mictsite CAN- KOHTpOJIEp 3
dbopmyBauaMu.

[IuHH1 hopMyBaui npusHayeH1 JjIs IepeTBOpeHHs JoriuHux curHainie RXCAN

1 TXCAN kontponepa B piBHi curHaniB CAN-mmnu. [lunH1 hopMyBadi SBISIOTH
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co00r0 HaAIlHI MpUoOMO-TIepeaBayl 1 30epiraroTh Mpare3aaTHICTh B TSHKKHUX
YMOBaX €JIEKTPOMAarHiTHUX 3aBajl. BOHM MarOTh 3HIKEHE CHEPrOCIIOKNBAHHS,
BOYZIOBaHUM 3aXHCT BiJI TIEPErpiBY 1 BiJl KOPOTKOTO 3aMUKAHHSI, PEKUM
"3acumanHs". MikpocxeMu o0y1I0BaHi TAKUM YUHOM, IO TP BUXOII iX 3 JIaTy
BOHH HE 3aliMalOTh JIHIIO MIEpeaydi 1 He 3aBa)Kal0Th HOPMaJbHIN poOOTI 1HIITUX
BY3JIIB Ha JIiHii.

Po6ounii niana3zon temmneparyp st nux mikpocxem -40 .. 125 ° C.

Tabmuus 1.14. TexHiuH1 XapakKTEPUCTUKU MUHHUX (PopMyBadiB

Makc.IIBHAKICTb,

Tun 6o Twm muii Ormii
TLE6250G | 1000 Burra napa ISO/DIS 11898, 1224 B
JIiHIA, 3aIKATa OT K.3.

Bura mapa, BOynoBaunuii GinbTp, 3aXuct

TLE6252G |125 OJIHOTIPOBITHA BIJ K.3., 3aI100IraHHs BiJ
JIHIA 3aHATTA JIHIT

TLE6255G | 40(100) QI[I:IOHpOBlI[Ha ?aXI/ICT BIJT I'<'.3., peKHUM
JIHIA 3aCHIIaHHS

B6ynoBanuii crabinizatop +5
TLE6263G (125 Bura napa B, "BepxHiit" kimou 150 MA,
SPI-inTepoeiic

1.6.5. ®opmar CAN-moBigoMIICHHS

[lepenaua Benerbes kaapamu. KopucHa iHdopmariist B Kaapi CKIAJAETHCS 3
ineHTudikaropa norxuHo0 11 6it (cTangapTHuii hopmat) ado 29 GiT
(po3mupenuit popmat, HaIMHOXKECTBO MOMEPEIHBOTO) 1 OIS JAHUX JTIOBKUHOKO
Bix 0 1o 8 GaiT. [menTrdikaTop TOBOPUTH PO BMICT MAKETY 1 CIY>KUTh JIJIS
BU3HAYECHHS NPIOPUTETY MPHU CIpoO1 OJTHOYACHOI Mepeaayl IeKuIbkomMa
MepeXHUMU By3iamu. [nentudikarop moBimomiienss 11- (2K moBigomiiens) abo
29- GiToBuii (512M noBiOMIIEHB) TEPEAAETHCS 10 KOXKHOTO By3J1a CUCTEMH, KUl
BHU3HAYAE NUISIXOM anapaTHOro ado MporpaMHOro (GpuibTpy, 4 € MoB1IOMIICHHS
MPU3HAYEHUM JJI HhOTO. [IeHTH(IKATOP TaKOK BU3HAYAE MPIOPUTET JOCTYITY 10

IIWHH.
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Hogi mpucTpoi, npusHadeHi s npuiioMy JaHUX, MOXKYTb JJOJ1aBaTUCS 10
Mepeki 6e3 3MIHU BKe ICHYIOUHX MPOrpaMHUX 3ac001B, SKIIO 1X MIAKIIOYEHHS HE
MPU3BOJUTH /10 IEPEBUIIICHHS 3/JaTHOCTI HABAHTAXXEHHS 1 MAKCUMAJIbHOI JJOBXUHU
muHU. [Ipy 1boMy HOBI MEPEKEB1 TPUCTPOI 34aTHI 0OMiIHIOBATHUCS 1H()OPMAIIIEIO
M1k 00010, HE TTOPYIUIYIOUN MPale3IaTHICTh CTapOi CUCTEMH, SIKIIO B IPOTOKOJI1
oOMiHy OyJIM BUKOPHCTaH1 HOBI1 1ICHTU(DIKATOPH.

Y CAN- Mepexi € MOXKITMBICTD OJTHOYACHOT Mepeiavi MoBiIOMIICHb Bipa3y
JEK1TBKOM MPUCTPOsiM. L{st 0coOMMBICTE T03BOJISIE TIEpPEaBaTH 110 Hil
CUHXPOCHUTHAJIU.

Cranpaptauit CAN-niporokodn (Bepcist 2.0A) miarpumye gpopmar
noBiomsieHHs 3 11-po3psanuumu ientTudikaropamu (CTaHaapTHE MOBIJOMIICHHS).

Posmmpennit CAN-nipotokoi (Bepcist 2.0B) miarpumye 11-0iToBuii 1 29-
oiToBMI1 popMmatu 11eHTU(IKaTOP1B (PO3mMpene NoBiAOMIIEHH).

binbmicte kKoHTpOJepiB Bepcii 2.0A mepeaaroTh 1 IpUMaroTh JIHIIE
MOBITOMJICHHSI CTaHJIAPTHOTO (JOpMaTy, X04a YaCTHHA 3 HUX MOXKYTh JIHIIIC
OTPUMYBATH MOBIJOMIICHHS pO3IIUPEHOTO popMary.

Kontponepu Bepcii 2.0B MOXKyTh MOCUIIATH 1 OTPUMYBATH MOBIIOMJICHHS B
000x dopmaTax.

BiaminHocTi popMaTiB HACTYIIHI:

V¥ Bepcii 2.0B nosie 6iTiB iAeHTH(]IKaTOPa CKIIAIA€ThCS 3 TBOX YACTHH.

[lepmra yactuHa (OCHOBHA YacTHHA 1ACHTH(IKATOPA) MA€E TOBKUHY
OJIMHAMIIATH OITIB JJIsl CYMICHOCTI 3 Bepcieto 2.0A, npyra yacTuHa - BICIMHAIISATh
01TiB (po3MMpeHHs iAeHTru(1KaTopa), O A€ 3araibHy JOBKUHY 1IeHTU(]IKaTOpa
B IBAIATh IEB'ATH OIT.

Jnst po3pizHeHHs (hopMaTiB BUKOPUCTOBYIOThCA OiTH Identifier Extension
(IDE) 1 Substitute Remote Request (SRR) B [Toxi ApGiTpaxy.

InenTudikarop BU3HAYa€ THUM 1 MPIOPUTET MOBiAOMIEHHs. Hxuomy
YUCJIOBOMY 3HAYEHHIO 17IeHTU(iKaTOpa BIAMOBIAAE BUIIE 3HAYCHHS TIPIOPUTETY.

[ToBimoMIIeHHS, IO Ma€ BUIIUNA MPIOPUTET, IEPETAETHCS PaHIIIe MOBIIOMIICHHS,
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10 Ma€e HU XYM nipioputeT. [1icis moBIIOMIICHHS 3 BUCOKUM IIPIOPUTETOM
NEPEIAETHCS TTOBITOMIICHHS 3 HIDKYUM MPIOPUTETOM, SIKIIIO I1i]T 4ac Mepeaadi He
3'SSBUTHCSI TIOBITOMJICHHS 3 BUIIMM MPIOPUTETOM, TIOTIM MIEPEIAETHCS

MIOB1JIOMJICHHS 3 1€ HUKYUM IIPIOPUTETOM 1 TaK Jaji

Buou xaopis

Bunu kanpiB HacTymHi:
» Kaap nanux (data frame);
 Kanp BigmanaeHoro 3anuty (remote frame)
» Kagp nepeBantaxenns (overload frame);
» Kaap momusnku (error frame).
Kaop oanux nepenae nai Bij nepenaBaya npuiimMaya.
Kaop eiooanenoco 3anumy oanux nepenaeTbcs By3JoM, 1100 3alIpOCUTH Tiepeaady
KaJIpy JAaHUX 3 TUM e CaMUM 11eHTU(DIKATOPOM.
Kaop nomunku nepegaetbes Oyab By3JIOM MPU BUSBJICHHI IIOMUJIKU Ha HIWHI.
Kaop nepesanmadsicents BAKOPUCTOBYETHCS, 1100 3a0€3MEUUTH 10AATKOBY
3aTPUMKY MDXK MTOTIEPEIHIM 1 HACTYITHUM KaJIpOM JIaHUX a00 KaJpoM BiJAJIEHOTO
3aIHTy JaHUX.

Kanpu manux 1 3anuty BiJIOKPEMITIOIOTHCS BiJl TIOTIEPETHIX KaapiB

MDKKaJIPOBUM MPOMIKKOM.

Kaopu oanux
Kanpu maaux MOXyTh BHKOPHCTOBYBATHCS 1 B CTAHIAPTHOMY 1 B
po3mmpenomy ¢opmari. Dopmatu KaapiB HaBeneHo Ha puc. 1.54. ta B Tabmn. 1.15

—1.16.
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Interframe
Interframe Lt DATA FRAME Space
Space g b|1—
Or
Cwerload
Frame
Start of Frame
Arbitration Field
Control Fiald
Data Field
CRC Field
ASK Field
END of Frame

Puc. 1.54 ®opmar kaapiB JaHUX

Kanp nanux ckiiaiaeTbes 3 CEMH Pi3HUX TOJIB:

"[TouaTtok kampy" (start of frame), "mone apGitpaxxy" (arbitration field), "mose
ynpasminasa” (control field), "mose nanux" (data field), "mone CRC" (CRC field),

"moste miaTBepkeHHs” (ACK field), "kinenp kanpy" (end of frame). [Toe nanux

MOYK€ MaTH HYJIbOBY JIOBXKHUHY.

Tabmuug 1.15 bazoBuit popmar kaapa gaHux

ITone

JlosxuHa (B
oOitax)

Omnuc

Curnanizye noyaTok nepejaayi

[TouaTok xaapy 1 Kapy
[Mone ‘IL[CHTI/I(l)iKaTop Hll HYHiKanLHI/Iﬁ i1eHTHdiKaTOp ‘
apOiTpaxy ‘3aHI/IT Ha nepenady (RTR) Hl HHOBI/IHCH OyTH JOMiHAaHTHUM ‘
bit po3mmpenHs .
ixentnixaropa (IDE) 1 [ToBuHEH OyTH TOMIHAHTHUM
SISSI;BJIiHHH ’33pe3epBOBaHI/II71 oir (r0) Hl HPesepB ‘
Jlossmia namix (DLC) |4 }81)03>1<1/1Ha noJjist 1anux B Gaiirax (0-
More mammx 0-8 Gaiir IE')IeL;é:e)zLam naHi (JIOBXHUHA B 1OJIE
’KOHTpOJ'IBHa cyma (CRC) ‘15‘ H KonTtpoabsHa cymMa BCOro Kaapy
[ome CRC Po3MexyBad KOHTPOIHHOI
cymu 1 [ToBuHEH OyTH pelieCUBHUM
IToxe [TpomiKOK TiATBEPIKCHHS 1 [lepenaBay muie pereCUBHUMN,
niarBepmkenns |[(ACK) MpuiiMay BCTaBJISIE TOMIHAHTY
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Po3smexyBa
OIMEAYBAT 1 [ToBuHEH OYyTH pelleCUBHUM
I11ITBEPKEHHS
‘KiHeHB kanpy (EOF) H? HHOBI/IHCH OyTH peLleCHBHIM

[Tepi 7 61T ineHTH(dIKaTOpa HE TOBUHHI OYTH BCE perileCUBHUMU. Ta0muIs

1.16

Tabmuns 1.16 Po3mmpenuit popmat kaapy JaHUX

IToae

Josxuna (B
Oitax)

Onuc

‘HO‘I&TOK Kazipy Hl HCI/IFHaJ'IiSYE MOYaTOK Mepeadi Kaapy ‘
‘I,Z[eHTI/I(biKaTOp A Hll HHepma YacTUHA 1IeHTU(IKATOPY ‘
[Tigmina 3anmuTy Ha
nepesauy (SRR) 1 [ToBuHeH OyTH perleCUBHUM
. biT po3mupenHs
[Tone apGiTpaxy ixentnixaropa (IDE) 1 [ToBuHeH OyTH perlecCUBHUM
‘IILGHTI/I(biKaTop B H18 H[[pyra JaCcTHHA IICHTU(IKATOPY
3anut Ha mepenavy )
(RTR) 1 [ToBuHEeH OyTH JOMIHAHTHUM
3ape3epBoBaHi OiTH
2 Pezepr
ITone (rl ur0) P
TIpaBJIiHHS
P JLOBAHHA JAHHX 4 JlosxuHa moJisi faHux B Oaiitax (0-8)
DLC)
ITone ganux ‘ 0-8 GaiT HHepeﬂaHi naHi (nopxuHa B mojie DLC) ‘
KonrporkHa cyma 15 KoHTponbHa cyma BCbOro Kaapy
(CRC)
[Tonie CRC o
OSMEAYBAT 1 [ToBuHeH OyTH pelieCHBHUM
KOHTPOJBHOI CyMH
[Tpomixok 1 IlepenaBay e penecuBHUN, IpUiiMayd
Ione nigTBepxeHHs (ACK) BCTaBJISIE IOMIHAHTY
MIATBEPIUKCHIS) PosmescyBat 1 [ToBuHEH OyTH peleCHBHUM
MiTBEPIHKCHHS yTH pent
‘KiHeHL kanpy (EOF) H? HHOBI/IHGH OyTH perieCUBHUM

neHTudikarop 3Haxo4ATh 00'eqHaHHAM JyacTUH A 1 B.
I o' A1B

IHosie mouaTky kagpa (Start of frame) ckiiagaeTbCs 3 OAUHOYHOTO

HyJb0BOTO OiTa. By3iy 103B0JIeHO po3noyaTu nepeaady, KoM muHa ButbHa Bei

BY3JIM IOBUHHI CHHXPOHI3YBaTHCs MO (PPOHTY, BUKIMKAHOMY Iepeaavero moJs

"MmoyaTok Kaapy" By3ia, AKUH pO3M0YaB Mepeaady NepIIUM.

IToJsie ap6iTpa:xxy (Arbitration field) Bigpi3Hs€THCS 17151 CTAaHAAPTHOTO 1

po3mupeHoro Gpopmaris.
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- B cmanoapmuomy ghopmami noni apoitpaxy, ckiiagaerbes 3 11 po3psaHoro
inentudikatopa i RTR-6ita. bitr RTR 3anuty BigmaneHoi nepenayi B kagpax
JaHUX OIT MOBUHEH OyTH TepelaHuil HYJIbOBUM PIBHEM, B KaJpaxX BiJJaJICHOTO
3aMUTY - OJJUHUYHUM.

- B pozwupenomy gpopmami o apoiTpaxy CKiIamzaeTbes 3 29 po3psIHOTO
inentudikaropa, SRR-6ira, IDE-6ita, 1 RTR-06ira.

3aminauk Oita BigaaneHoro 3anuty 0iT SRR, mepenaerbes B po3mupeHnx
kajapax B no3uilii RTR 6ira. Takum unnoM, BiH 3amiHioe RTR - 6it cranmapTHOTO
KaJIpy.

bit IDE po3mmupenss ineHTudikatopa B cTaHAapTHOMY (hOopMaTi nepeiaeTbest
HYJIbOBUM PIBHEM, B TOH Yac sik B po3irpenomy ¢opmari IDE 61T - ogquHIUHMI
pIBEHb.

IHose ynpasainua (Control field) ckinanaerses 3 mectu 61t. @opmat noJis
YIPaBJIIHHS BIAPI3HAETHCS JJIs1 CTAHIAPTHOTO 1 pO3MIUpPEeHOTo hopMary.

Kanpu B cmanoapmuomy gpopmami Bko4aroTh: kKoa AoBxkuHu ganux (DLC),
o1t IDE, sikuit mepenaeThCcsi HyJIbOBUM PIBHEM, 1 3ape3epBoBaHuit OIT r0.

Kanpu B pozwupenomy gpopmami BKIIOHAIOTH KOJ IOBKUHU JaHUX 1 J1Ba
3ape3epBoBanux Oita rl 1 0. 3ape3epBoBaHi 01TH MOBUHHI OYTHU HaAiCIaH1
HYJIbOBUM PIBHEM.

Kon nosxunu nanux (Data length code) posmipom 4 6ita, nepegaeTbes
BCEpeINHI TIOJIS YIIPABITIHHS.

JlomyctuMma KinbKicTh 0aiT nanux: {0,1, ...., 7,8}.

[HITI BETMYNHY BUKOPHUCTOBYBATHUCS HE MOXKYTb.

ITose nannx (Data field) cxianaeTscs 3 manux, skl OyIyTh MepeaHi
BCEpeIUHI Kaipy nanux. Bono moxxe mictutu Bij 0 10 8 6ailT, siki mepenarThes,
noynHarouu 3 MSB.

ITose kouTpoabHoi cymu CRC (CRC field) mictuts mociigoBricTh CRC 1

CRC — po3ainsHuk, puc. 1.55
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Data  __ puleg — CRCField —  pley  Ask
or Fiekd
Control
Field
CRC Delimiter
CRC Sequence

Puc. 1.55. TlocninoBuicts CRC (cTangapTHuii 1 po3mmpeHuii popmaTu)
[TocninoBHicTh KOHTpOHO Kaapy CRC onepKyeTbes 3 HaUIMIIKOBOTO
nukiigHoro koxy. [1pu o6uncnenni CRC cnouaTtky BU3HAYAETHCS MOJHOM,

KOE(DILIEHTH SIKOTO 3aJ]aH1 MOCIIIOBHICTIO OIT, IO CKJIAJAETHCS 3 MOMIB: "MOYaTOK

nan

kazpy", "moze apGiTpaxy", " mosue ynpapibiHHS", "TI0oNIe JaHUX" (SIKIIIO BOHO €) .
15 naiimonoamux koediieHTiB npuitMatoTbes piBHuMH 0. Jlami nieit nojaiHom
JJIETHCS Ha TIOJIIHOM BUJLY:

XA1I5+ XAM14+ XM10+ XA8+ XAT+ XM+ XM3+1.

3aIUIIOK BiJI ILOTO IMTOJIMHOMHAIBHOTO aiIeHH A 1 € mociimoBHicTs CRC.

[TocminoBHicth CRC cymnpoBomxkyeThes po3auibhukoMm CRC(CRC Delimiter),
KM CKJIAIAETHCS 3 OJJHOI0 OAUHUYHOTO OITa.

IHone minTBepaxenns (ACK field) mae nosxxuny aBa 0itu: "06acTh
MIITBEPKCHHS " 1 pO3IUIBHHK ITIITBEPKCHHS. Y MOJI MATBEPIKCHHS
nepeaaBalbHUM By30J1 TOCHIIAE JBa OITH 3 ONMHUYHUM piBHEM. [Ipuiimay, sikuii
OTpPUMaB IMOBIIOMJICHHS TIPABIJIBHO, TIOBIAOMIISIE TIPO 11€ TIepeIaBayda, MOCHIAI0YH
01T 3 HyJTLOBUM PIBHEM IMPOTSITOM IpHiioMy 10Jis "00JacTh MiATBEPIKEHHS "

Obnacme niomeepodicenns (ACK slot)

Bci By3nm, sxi oTpumaiu BignoBiaHy nociigoBHicTe CRC, moBinoMiIsitoTh po
11 11 Yac mpuiomMy moJist "001acTh MATBEPKEHHS" NUITXOM 3aMiHU 0iTa 3
OJIMHUYHUM PIBHEM Ha OIT 3 HYJIbOBUM PIBHEM.

Pozninibunk minrBepakenns (ACK delimiter):

Po3aibHUK MATBEPIKEHHS - APYTUi OIT MOJIS MIATBEPKEHHS, 1 BiH TOBUHEH

OyTH MpeACTaBIEHUI TOOAUHOKAM PiBHEM.
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Kinenps kaapy (End of frame) Koxxen kaap maHux i Kaap BiJaaCHOTO 3alUTy
JTAHUX OOMEXKEHUH TIOCIIOBHICTIO MPAIOPIB, MO CKIATAETHCS, 3 CEMH OJUHUIHUX
O1T.

Kaopu siooanenozo 3anumy (Remote frame)
301ratoThCs 3 KaapaMu JaHUX CTaHAAPTHOTO ab0 PO3MIUpPEHOro ¢popMaTy 3a JBOMa
BUHSITKAMU:

* ¥V momi RTR perecii 3amicTh TOMiHaHTH.
* BincyTHs nmosne naHux.

By3o:, 1110 i€ gk npuitMad JesKuX JaHUX, MOXKE 1HIIIIOBATH Mepeavdy
BIJIOBIJTHUX TaHUX BUXIJHUMU By3JaMU, IOCHJIAIOYX KaJIp BIAJAICHOTO 3alUTy
JTAHUX.

Kanp BigaaneHoro 3anuTy JaHUX ICHYE 1 B CTaHAAPTHOMY (popMari 1
posmpeHomMy dopmarti. B 000X Bunajakax BiH CKJIaJIa€ThCs 3 MIECTU OITOBUX
TOJTIB:

"ITouarok kanapy" (Start of frame), "none apGiTpaxy" (Arbitration field),
"kepytoue mosie" (Control field), "mone CRC" (CRC - field), "mose
ninrBepkeHns" (ACK field), "kinens kaapy "(End of frame).

Kaop nomunxu (Error frame)

Kanp nomuiiku ckiamaerbes 3 1Box nodis. [lepire nmomne € cynepno3uiris
parnopiB MOMUJIKHA, OTPUMAHUX B1Jl pi3HUX By31iB. HacTynHe nose - po3aiabHuK

noMuiike (Error Delimiter) (Puc. 1.56)

Data Interframe

Frame —=-a————— ERRORFRAME —jm=mml— Space
Or

lil— Error Flag Owerload
Frame

oll——— superpositin of ——

Error Flags Error Delimiter

Puc 1.56 ®opmart kaapa HOMHIKH
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JI71st mpaBUIIBHOTO 3aBEPILICHHS KaJApy TOMUIIKH, BY30J1 B CTaH1 "MTaCUBHOT
NOMMJIKU" MOXe MOTpeOyBaTH JOCTYIy O UIMHH, TPUHAIMHI, Ha 3 G1TOBUX
1HTEpBaIH (SKIIO Ma€e MicCle JIOKaJIbHA MOMUJIKA MpUiiMaya, 10 3HaXOUTHCS B
ctaHl "macuBHOi moMuiiku'). OTKe, IIMHA HE MOBUHHA OyTH 3aBaHTAKEHA Ha
100%.

Ipanop nomunxku (Error flag) moxxe OyTH IpariopoM aKTUBHOI a00 MacUBHOT
TTOMUJIKH.

1. [Ipanop akTUBHOT MOMMJIKH CKJIAJIA€THCSA 3 IIECTH MOCIIIOBHUX HYJTHOBUX
O1T.

2. [Ipamop macuBHOT MOMUJIKY CKIIATAETHCS 3 MIECTH TOCIIJOBHUX
OJIMHUYHUX OIT, SKIIIO BOHU HE Mepe3anrcadi HyJbOBUMHU O1TaMU 1HIITNX BY3JIIB.

By3zoin y cTani "aKTUBHOI MOMUJIKH'", BUSIBUBIIIM YMOBA MTOMUJIKH, TTOBIJJOMIISIE
PO IIe TIepeIadueto mpamnopa akTUBHOT oMK, Dopma mparmopa MmoMUIKA
MOPYIIIY€ 3aKOH 3aNIOBHEHHS 01Ta (IMB. KOyBaHHs1) BXKUBAHUI /IO BCIX MOJIB BiJl
noJis "mouarok kaapy" ao posainbHuka CRC abo pyitnye ¢ikcoBany hopmy moJis
MIITBEPKEHHS a00 1moJjis "KiHels Kaapy'. SIk HacaiaoK, BCl 1HIIN BY3/IU
BUSIBJISIIOTH YMOBA MIOMMJIKH 1 B CBOIO YEpry MOYMHAIOTH TIEpeIavy mnparopa
MOMUJIKH. TakuM YMHOM, MOCIIJOBHICTh TIOMIHAHTHUX OITIB, KA (DAKTUYHO MOXKE
3'SIBUTUCS HA IIMHI, CTBOPIOETHCS CYTIEPIIO3UITIEI0 PI3HUX TPATIOPiB MOMUIIKH,
nepeaHux oKpeMuMH BysnaMu. CymapHa JOBKHUHA 111€1 MOCI1IOBHOCTI
3MIHIOETHCS BiJI IECTH JI0 ABAHAIIISATH OIT.

By3ou, y crani "macuBHOT NOMUJIKK", BUSBUBIINA YMOBY IIOMUJIKH, POOYE
MOBIJIOMUTH TIPO 1€ TIepeayeto nparnopa NacuBHOT MOMUJIKU, BIH OUIKY€E MOSIBU
IIECTH MOCIJOBHUX OJHAKOBUX O1T, MOYATKIBIIB MPANOp MACHBHOT TOMHIJIKH.
[Ipanop nacuBHOI MOMMJIKH 3aBEPIIECHUM, KOJIU MICIsl BUSBICHHS 1TUX 6 OIT.

Po30inbrux nomunku cKi1anaeThCs 3 BOCBbMU perecuBHuX O1TiB. [lics
nepeaayvl npanopa moOMUJIKM KOKEH BY30J1 TOCUIIAE PELECUBHI O1TH 1 IepeBipsie
IIMHY, TOKW HE BUABJISE pelieCUBHUM O1T. Jlami BIH MOYMHAE Tiepeaady e CeMHU

pEIeCuBHUX OITIB.
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Kaop nepesanmadsicenns

Kanp nepeBanTa)kxeHHs MiCTUTB JiBa O1TOBI TOJISI: TIPArop MepeBaHTAXEHHS 1
PO3IUIBHUK MepeBaHTaXEHHS. € TpU NPUYUHU TIEPEBAHTAKCHHS:

1. BayTpimHii cTan npuiiMaya, 1[0 BUMarae 3aTpUMKH HACTYITHOTO KaJIpy
naHux a00 KaJpy BiJIAJICHOTO 3aMUTY JTaHUX.

2. BusiBneHHs JOMIHaHTHOTO OiTa MpH Nepeaadi MepIoro i Ipyroro OiTiB
HepepBU.

3. SIK110 BY30J1 BUSBIISE JOMIHAHTHU OIT Ha BOCBMOMY O1T1 (OCTAHHBROMY
01T1) pO3AIbHUKA TOMUJIKK 200 PO3AUIBHUK MEPEBAHTAXKEHHS, 1€ CHPUYNHUTD
nepeaavy Kajapy nepeBaHTaxeHHs (a He KaApy NOMIIIKH). JITYMIBHUKY TTOMUJIOK
He OyyTh 301IbIIIEHI.

[lepenauy xaapy nepeBaHTax eHHs, 00OYMOBJIEHOTO 1-M BUIOM
NepeBaHTAXKEHHS, JIO3BOJICHO TIOYMHATH B TIEPIIOMY OITOBOMY 1HTEpBaJIi MEPEPBH,
B TOH 4Yac K KaJp MepeBAHTAXKEHHS, 00YMOBJIEHUH 2-M 1 3-M BUIaAMU
NepeBaHTAXKEHHS, TOUYMHAE TIEPEeIaBaTHCs Ha OJIUH OIT Mi3HIIIE BUSBICHHS
JIOMIHAHTOTO OHUTA.

He Oinbliie 1BOX KaJpiB MEPEBAHTAKEHHSI MOKE OYTH 3r€HepOBaHoO, 100
3aTpUMaTy HACTYIHUHN KaJap JaHuX a00 KaJap BIIJAICHOTO 3alUTy JaHUX.

Ilpanop nepesanmasicennsi CKIIaIa€ThCs 3 MIECTU TOMIHAHTHUX O1TiB. [loBHA
dbopma BiAMOBITa€ MTpanopy aKTUBHOI MOMIUIKK. DopMa miparopa nepeBaHTaKCHHS
nopytrye ¢dikcoBany Gpopmy moJist epepsu. Bl 1HII By31M TaK0X BUSBISIOTH
YMOBY TIEPEBAHTAXEHHS 1 B CBOIO UepTy MOYMHAIOTH MIepeiady Ipamnopa
MepeBaHTAXKCHHS. Y pa3i SKIIO BUSIBICHUN JOMIHAHTHHUH OIT, mig 9ac 3-ro Oita
NepepBH, TO 1Ieil OIT IHTEPIPETYETHCSA K MOYATOK KaJIpy.

Po3zoinbnux nepesanmasicents CKIanaeThCcs 3 BOCBbMU PEIECUBHUX OIT.
Po3ainbHUK MepeBaHTaXXEHHS Ma€ Taky X (GopMy, K 1 pO3AUTEHUK MOMUIIKH.
[Ticns mepenayi mparnopa nepeBaHTaXXEHHs BYy30J1 KOHTPOJIIOE IUHY, TOKU HE

BUSIBUTH TIEPEXiJT BiJl JOMIHAHTHOTO OWTa J0 PEIIECCUBHOTO OITy. Y 11eii MOMEHT
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yacy KO>K€H BY30J1 3aKIHUY€E Tepeaady mpamnopa nepeBaHTaKEeHHS, 1 BC1 BY3JIU
MOYMHAIOTH TIepeauy e 7 perecuBHUX OITiB.

Misckaoposuti npocmip

Kanpu nanux 1 kaapu BiJIQICHOTO 3alUTY JAHUX B1IOKPEMITIOIOTHCS Bl
MOTIEPETHIX KaapiB Oyb-AKOTO TUITY (Kaap JaHWX, KaAp BiIIAJICHOTO 3aIUTy
JAaHUX, KaJIp TTIOMUJIKH, KaJp epeBaHTAKCHHS ) OITOBUM I10JIEM, 3BaHUM
MDXKKaJpOBUX MpocTopoM. Ha BiMiHy Bl HUX, KaJipaM MEepEeBaHTAXKECHHS 1 Kapam
MOMWIKHU HE TMepelye MKKAAPOBUM MPOCTip (KpaTH1 KaJIpu NepeBaHTAKCHHS
TaKOXX HE BIJJOKPEMITIOIOTHCS IHTEpPBaJIaMH).

MixkapoBMi IPOCTIP: MICTUTH OITOBI MOJISA: IEPEPBA 1 NPOCTIN HIUHU.

Puc 1.57 a HaBeneHo ais By3nia, skuii OyB JKepeaIoM IOIepeTHbOTO
MTOB1JOMJICHHS.

Puc 1.57 B HaBeneHO /1715 By37a B CTaH1 "'MACUBHOI NOMMJIKH", SIKHi1 OyB

JIKEPEJIOM MOTEePETHHOTO TIOB1TOMIICHHS

Fsarnc-:—l-|-l— FEFERFRAEME SPACE  — e |--a—Feame

‘1—

a Bus Idla
Irtermissicn

Framg —— = -#f——— INTERFRANE SFACE —— = |-=l—— Frame

| Bus= Idla

Susp=nd Transmissior:

IRtermission

Fig 10 INTERFRAME SRPACE
a1 for not ‘error passivie’ stations having been TRANSCEI/ER of praviols message
) far wrror passive' stations having beeh TRANSVMITTER of the previols messane

Puc. 1.57 MixxkaapoBuii mpocTip

[Tone mepepBa CKIIaIa€ThCsl 3 TPHOX PELIECUBHUX OIT.

[IpoTtsirom niepepBU €uHA Ais, 1110 MOKHA 3pOOUTH - TIOB1IOMJIEHHS TIPO
YMOBH TIEPEBAHTAXKECHHS 1 HISIKOT BY30J1 HE MOKE TTOYATH TIepeaadyKaapy JaHUX

a00 KaJpy BIAIAJIICHOTO 3aMUTY JAaHUX.
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Ilepioo npocmoro wiuHu MOXKE MaTH TOBUTbHY MOBXUHY. [1InHa BiTbHA 1 OY/Ib-
SKUH BY30JI, SKOMY TTOTPiOHO IIOCH TIEPEIaTH, MOKE 3BEPTATUCS 10 IITUHHU.
[ToBimoMIIeHHSI, sIKE YeKae Tepeaadl Mmij yac rnepejiadl 1HIIoro MoB1IOMIICHHS,
MOYMHAE TIepeaBaTUCS B NIEPIIOMY OUTE Micis nepepBu. BusBieHHs
JIOMIHAHTHOTO 0iTa Ha IIKHI IHTEPIPETYETHCS SIK "MOYATOK Kaapy'.

NPU3YIUHEHHS TIepeaayl

[Ticnst Toro, sIK By30:1 B CTaH1 "MacuBHOI MOMUJIKA" TIEpEIaB MOBIIOMIICHHS,
BiH IIOCHJIA€ BICIM PELIECUBHOIT ITICIIA SKUX He IepepBy, Mepe nepeadecto
HACTYIHOTO MOBIIOMJICHHS a00 PO3Mi3HABaHHS MIPOCTOIO ITUHHU.

SIKII0 THM YacoM TOYMHAETHCSA TIepeaada, BUKJIMKaHa THIITMM BY3JI0M, BY30JT
CTa€ MpuiiMayeM I[bOTO MOBIJJOMJICHHS.

Dinempayis no8iooMeHb

dinpTpalis MOBIAOMICHHS 3aCHOBaHA Ha 1IeHTU(IKAIT].

[cHyIOTH crieriaiabHi pEeTiCTPH MaCoK, SIKi TO3BOJISIOTh YCTAHOBKY OYb-SIKOTO
OiTa 11eHTUdiKaTopa, MOXKYTh BUKOPUCTOBYBATUCA JIJIsl BUOOPY IpyNH
1meHTr(IKaTopiB, K1 OyAyTh BiioOpakeHi B Oydepax.

SKI1110 pericTpu Macok €, TO KOKEH 01T pericTpiB Macku MOBUHEH OyTH
pOrpaMoOBaHUM, TOOTO HOT0 MOXKHA BUKOPUCTOBYBATH JIJIsl (DLIIBTpALIil
noBiJoMJICHHS. [loBXHMHA pericTpa MacKy MOKE€ CTAHOBUTH IITTUH 11€HTH(IKATOD
a00 TUIbKY WOT0 YacTHHA.

Kooyeanns nocrnioosnocmi 6imis

Cermentu: "mouatok kaapy", "mosue apOiTpaxy", "mose ynpasmiaas", "mone
nanux" 1 "mocninoBHicTh CRC" KOAYIOTBCS METOIOM PO3PSATHOTO 3aIIOBHECHHS.

Bcesikuii pa3, kKonu nepeaBay BUSBIISAE B PO3PSAHOMY MOTOIT, TI'ITh
ITOCI1IOBHUX OJTHAKOBHUX OIT, BIH aBTOMAaTUYHO BCTABJISIE€ JIOJJATKOBUH OIT B
(bakTUYHUH TIepeJlaHuil PO3PSTHUM MOTIK.

Pemty 6iToBi mosist Kaapy AaHux abo Kaapy BiAJAICHOTO 3aMUTy JaHUX

("poznimeauk CRC", "mose miaTBepxeHHs", 1 "KiHelb Kajapy') MatoTh (PiKCOBaHY
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dbopmy. Kagp nomuiku 1 kaap nepeBaHTaXEHHs MaloTh (iKCOBaHY (OPMY TaKOX 1
HE KOJYIOTHCS METOJIOM PO3PSITHOTO 3allOBHEHHS.

Po3psiaauit moTik MoBiAOMIIEHHS KOAy€eThCs 3T11HO NRZ MmeToioM (6e3
MOBEPHEHHS /10 HyIsA). Lle o3Hauae, 0 NpOTATOM YyChOro Hacy rnepesadl OiTiB
3reHepOBaHUM pO3psATHUN piBeHB € 200 "mominaHT" abo "recessive".

Busienenns nomunok
CAN MICTUTh 5-CTYIIHYaCTHII MEXaHi13M BUSBICHHS MTOMUJIOK:

® [MKIIYHUN KOHTPOb 1o HaaMmipHOCTI (CRC)

® KOHTPOJIb MIEPEAABAHOTO MOJIs OITIB

e koHTpoJib curHany "[liarBepmxenns [puitomy"

® [IOTOYHUN KOHTPOJIb JIOTTYHOTO PiBHS OITIB

® KOHTPOJIb 3aTIOBHEHHS OITIB.

Iukmuauit kouTpoab Mo HaaMipHOCTI (CRC)

KoxHe rmepenane moBiIoMICHHS MicTUTh KOHTpoJbHuH kKo11 (CRC),
OoOYHCIICHH TepejaBayeM Ha OCHOBI BMICTY MepeaBaHOTO MOBIOMIICHHS.
[IpuitmManbH1 By3/1M BUKOHYIOTh aHAJIOTIYHY OIEpalito, MO3HaYalTh BUSBJICH]
MMOMUJIKM 1 BCTAHOBITIOIOTH BIMIOBIJIHI MPAMOPH.

IToToYHMIT KOHTPOJIB JIOTTYHOTO PIBHS OITIB

Byab-skuii nepegaBay aBTOMaTUHYHO KOHTPOJIIOE 1 MTOPIBHIOE (DAaKTUUHUIMA
JIOT1YHUH piBEHB OITIB Ha MIMHI 3 PIBHEM, SIKHUI BiH niepenae. SKio piBHI HEe
301raroThCsl, MO3HAYAETHCS TOMUIIKA JIOTTYHOTO PiBHS 01TiB. BUHATOK - mOCHIIKa
pelieCuBHOMTA MPOTATOM 3alIOBHEHOTO OITOBOTO MOTOKY T0JIs apOiTpaxky abo
IPOTATOM TOJISl MIATBEPIXKECHHS.

[lepenaBay, sikuii mocuiiae mparnop NaCMBHOT MOMUJIKH 1 BUSIBUB "JTOMIHAHT"
01T HEe THTePIPETYE 11€ SIK TOMUJIKY O1Ta.

(ITpumiTka: 1eit MexaH13M TaKOX BUKOPUCTOBYETHCS MpU apOITpaki IIMHU JJIS
BU3HAYECHHS MPIOPUTETY NMOBIJOMIICHHS], IPOTE MOMUJIKA B ILOMY BUIIAJIKY,

IPUPOIHO, HE BUHUKAE).
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KoHTpoJib epeaBaHoro moJs O1TiB

Y cxnani CAN-oBIAOMIICHHS TEPEAAIOTHCS 3yMOBJIeH1 01TOB1 KOMO1HaIIii, SKi
KOHTPOJIIOIOTHCS MPHU MpuioMi. SKIo nmpuiiMayd BUSBIISE€ HEIOYCTUMUM OIT B
OJIHIM 3 IUX KOMOIHAI[I{, TO BCTAHOBIIIOETHCS MPAIiop MOMHUJIKHA Gopmary.

KoHTpoJib 3a110BHEHHS OITIB

CAN BUKOPHCTOBYE METOJIMKY JI0/IaBaHHS 3alIOBHIOIOUOTO O1Ta JIs
JI0JTATKOBOTO KOHTPOJTIO TIEpE/IaBaHMX MOBioMIIeHb. [licis mepemadi m'satu
MOCTIJOBHUX OITIB 3 OJIHAKOBHUM PIBHEM IepeiaBad aBTOMATHYHO BBOJUTD B
PO3pSAHUI MOTIK OIT MPOTHIIEKHOTO 3HaUeHHs. [IpuitmMadi moBigoMIIEeHHS
aBTOMATUYHO BUAAIAIOTH Taki O1TH miepes; 00poOKOI0 MOBIAOMIICHHS. K10
BUSIBJISIETHCS IIIOCTUM 01T OJTHAKOBOT MOJIIPHOCTI, TO TTO3HAYAETHCS TTIOMUIIKA
3all0BHEHHS OITIB.

Koutposns curgany "IlinrBepmkenus [puitomy"

Koxue nepenane moBiOMJICHHS MIATBEPIKY€EThCS MPUAMaUeM, 1 SKIIO IIbOTO
HE CTaJIOCs, TOJIi BCTAHOBITIOETHCS MPAITOP MOMUJIKH ITiATBEPIKCHHS TIPUHOMY.

IIpanop noMuiiku

VY BUMAaNKy SKIIO BUSBJICHA IOMUJIKA, TO BY30J1, 1110 BUSBUB TOMIJIKY,
nepepuBace nepeaady MmocHIKo mnpamnopa noMuwiku. [Ipu mpoMy nepegaBad
aBTOMATUYHO PEHHUITMATM3UPYET NIepeaady MOBIIOMIIEHHS, IO 3aMo0irae BCiM
BYy3JlaM BiJl BUHUKHEHHS TOMUJIOK 1 rapaHTy€e HECYNepEeUHICTh JaHUX B MEPEXKI.

3 BpaxyBaHHSM [1i BCIX ME€XaH13MiB KOHTPOJIIO, peaJibHEe 3HAUCHHSI
BUHHKHEHHS HeBusiBIIeHOT ToMutkn B CAN- mepexi — 10

By30:1, 110 BUSBUB IOMIJIKY ITOBIIOMJISIE TIPO TI€, TIEPEAAI0YH TPAIiop
MTOMUJIKH.

Tunizayis necnpasnocmeu

HecnipaBuuii By3071 Moke OyTH B OJHOMY 3 TPhOX CTaHIB:

* AKTUBHOI [IOMUJIKH

* MACUBHOI MOMUJIKU

* BIIKJIFOYEHHS B IIIMHU
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By3ou y cTaHi "akTUBHOI MOMMJIKK'" HOPMAaJIbHO MPUETHAHUM 10 TUHU 1
MOCHJIAE TIPAriop aKTUBHOI TOMUJIKY TP BUSBIICHHI TTOMUJIOK.

By3oi y cTaHi "macuBHOT TOMUJIKK" HE MIOBUHEH MTOCUJIATH TIPaIiop
aKTUBHOI MOMWJIKU. BiH MiAKIIOYEHHH 10 IIMHM, ajie TPU BUSABICHHI TOMUIIOK,
MOCUJIA€ Mpanop nacuBHOi noMuiku. [licnsa nepenayi, By307 B cTaHi "MacUBHOI
noMuJiku" Oyjie YeKaTH 1HiIiaizarii mogaibiioi nepenaydi By3on y crani
"BIAKTFOYCHHS BiJ] IIMHK" HE MOJKE MPAIIOBATH 3 IIIHHOIO.

Jlnst Tumizaniii HecrpaBHOCTEN B KOYKHOMY BY3JII € JBa JIIUYMJIbHUKA:

1) JliynIbHUK TOMIJIOK Tepeayi

2) JIIYMIIbHUK TIOMHJIOK TIPUHOMY

3HaYeHHS JIYUIbHUKA TOMUJIOK OUIbIIe HIXK 96 BKa3ye Ha Te, 110 IIMHA
CHJIBHO TIOIIKO/IKEHA.

Axio B CAN - Mepexi MAKITIOYeHUH TUTBKU OJTMH BY30J1, 1 AKIIO 1IeH BY30J1
nepeaae aesike MoB1IOMIIEHHS, BIH HE OTPUMAE MiATBEPIKEHHS, 3HAI 1€ MOMUJIKY 1
MOBTOPUTH MOBIOMIICHHS. Uepes 11e BiH MOKe MepelTH B CTaH "MacuBHOI
TTOMUJIKHU'", ajie He B CTaH "BIJKIIOYCHHUH Bl ITAHU".

Apbimpasc CAN-wunu

[Tpu BinbHIM HMHI OyAb-SKHUI BY30J1 MOXKE MOYMHATH Mepeady B OyIb-sIKUn
MOMEHT. ¥ pa3i 0JIHOYACHOI Nepeayl KaJipiB IBoMa 1 OUIbIIIE By3JIaMH MPOXOJAUTh
apOiTpax IOCTYITY: TIEPEAAr0YH aIpecy JHKEPeia, By30J OJJHOUYACHO TMEpeBipsie
CTaH IMUHU. SIKIIO0 MPU Tepeiadil perecuBHOro 0iTa MPUHMAETHCS JOMIHAHTHUH -
BBAXKAETHCS, 1O 1HIIUNA BY30J1 MepeIa€ MOBIAOMIICHHS 3 BEJIMKUM IIPIOPUTETOM 1
nepeaaya BiJIKJIaa€ThCs 0 3BITbHEHHS ITMHU. TakuM YMHOM, Ha BiJIMiHY,
Hanpukiaz, Bia Ethernet B CAN He Bi1I0yBa€eThCSl HEMNPOIYKTUBHOI BTPATH
MPOMYCKHOI 3IaTHOCTI KaHay mpH Komi3isax. [liHa 1iporo pineHHs - KMOBIPHICTD
TOTO, 1110 TIOBIJOMJICHHS 3 HU3bKUM MPIOPUTETOM HIKOJIM HE OYyTh MMEepeaHi.

OcCK1JIbKH BCIM By3JlaM JJO3BOJIEHO MMOYMHATH Mepeavy KaJIpiB Micis TOTo, sIK

mIrMHa BUSABHUTBCA BiJ'IbHOIO, ¢ MOKC IMPUBCCTHU 10 TOTO, IO B OANH 1 TOH JKe yac
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BiJIpa3y JIeK1JbKa BY3J1iB MOYHYTh nepeaady. [1lo6 3anobirtu pyiHyBaHHIO OJHUM
BY3JIOM KaJIpy 1HIIIOTO By3Ja, By30JI M1 yac nepenayui inaukaropa i RTR 6ita
KOHTPOJTIOE IIIUHY. SIKIIO MpH nepeaadi periecuBHOro 6ita (recessive bit) BiH
BUSBJISIE TOMIHYIOUMM OIT (TOMIHAHT bit), TO 3BUIBHSE MUHY, HETANHO 3yITUHSE
nepeaavy 1 mpoaoBXKye IpUMaTu Kafp.

Yacosa miarpama npuBejeHa Ha puc.1.58 [louatok kaapy rno3HayeHuin
JIOMIHAHTHUM CTapTOBHUM O1TOM, 3a AKuM ciifye 11 6itoBuit ineHTudikaTop i
apOitpaxuuit 6iT RTR, kM po3pi3HIIOTH KaJip JaHUX 1 KaJIp 3allUTy JaHUX
(BumaneHui Kaap).

VY moJil ynpaBIliHHS BKa3y€eTbCs TUI (popMaTy MOBIIOMIEHHS (CTaHIapT /
PO3LIUPEHHMIT) 1 JOBXKUHA HACTYIMHOTO 1oJist nanux (0-8 Oaiir). [Ticas manux ciigye
15 61ToBHiI1 cermeHT CRC, siKuii JO3BOJISIE OAEPKYIOUOMY BY3Iy MEPEBIPATH

NPUAATHICTh OTPUMAHUX JIaHUX.

erap'r Aph Mane ITome marmoc
Bir fir  EepyEarma
Af.
= Identificator
o ﬁ C'I'_ﬂtml 0-2 Byte Date | CEC cerptert
@ [w0]o|s]7]s]5[a[z]2]1]0 |ng|  Field
Eyzoa 1 I
— I
BY00 2 - :
|
Ey700 3 :
. L L '
I
control 3 I Drata 3
|
Puc. 1.58

VY Oyap-skiil cucTeMi JIesiKi 3 mapaMeTpiB 3MIHIOIOTHCS IIIBUIIIE, HIXK 1HIIII.
Hampukiaz, mBUIKICTE pOTOpa ABUTYHA, SIK MPABUIIO, 3MIHIOETHCS 32 MEHIITUH
MIPOMIXKOK 4Yacy, YUM TeMIlepaTypa Horo Kopnycy ado MmoJI0KEeHHsI 3aCIIIHKH.
[TapameTpu, 110 MIBUIKO 3MIHIOIOTHCS, TOBUHHI MEpEIaBaTUCS YACTIIIE 1, OTXKE,

BHMAararoTh BUIIOTO npioputety. [1i7 yac po6OTH TakoK MOKJIMBA MOSBa
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aBapIMHUX MMOB1JOMJICHB, SIK1 IOBUHHI IepeIaBaTUCS 3 HAWBUILUM MP1OPUTETOM
(HampuKJaa, IEPEeBUILEHHS JOMYyCTUMOT TeMIIepaTypH, OOpUB COJIEHOI1a, 1110
yIpasJisie, KOPOTKE 3aMUKaHHS B JIAHITIO31 1 TaK J1aJii).

Byzm CAN- Mepexi € piBHOIPaBHUMH MPU OOMiHI, 1 KOXKEH 3 HUX Y Oy/1b-
SKHI MOMEHT 4acy MO>K€ MaTH TOB1IOMJICHHS, 110 BUMArae HeB1KIaaHOT
nepeaadi. BiporigHicTe 0JHOYaCHOT BUMOTH TIepeaayi BiJl pi3HUX MPUCTPOIB HE €
YUMOCH HAJA3BUYANHNIM, a TPAIUIIEThCS PErysapHo. IJig BUpIIeHHS TOA10HOTO
KOH(DITIKTY MOTPiOHUIN MIBUIKOIIOUNN MEXaHI3M PO3IOALTY YeproBOCTI Mepeayi
noBigomiieHb. [ist iboro B CAN- Mepexki BUKOPUCTOBYeThcs HepyitHiBHUIA
[Topo3psanuuii ApOoiTpax.

[Ipiopurer CAN-IOBITIOMIICHHSI BU3HAYAETHCS IBINKOBUM 3HAYEHHSIM HOTO
1AeHTH(1KaTOpa.

YucrioBe 3HaUE€HHS KOKHOTO 11eHTU(IKaTOpa NOBIAOMIICHHS IPU3HAYAETHCS B
MOYaTKOBIH (a3l MpoeKTyBaHHS cUcTeMH. [aeHTrdIKaTop 3 HAWHMKIUM YUCIOBUM
3HAYEHHAM 1IeHTU(]IKaTopa Mae HaBUILUK nipioputeT. [lepenaya noriYHOro HyIs
o CAN-IIMHI 3[[1ACHIOETHCS] CTPYMOBOIO TTOCHIIKOIO, & CTaH JIOT1YHOT OJMHUIT
BU3HAYAETHCS MO BIICYTHOCTI CTpyMy. B mporieci mepenayi KoxHe 3 JHKepen
MOBIJIOMJIEHb, IKUI Ma€ HEOOX1AHICTh B IIepeiayl, MOYMHAE TIEpeiaBaTH CB1I
11eHTr(IKaTOp, OJTHOYACHO TIEPEBIPAIOUN HOTO Ha JIiHii. Ko B mporieci nepeaadi
BUSIBJISIETHCS HECTIBNaAaHHA (TOOTO "3aiiBuii" HyJb), TO TIepeaBady, 10 BUSBUB 11€
HEBIJIMOBIIHICTh, TPUIUHSIE TIEpEIady CBOTO 1IeHTU(IKATOpa 1 MEPEMUKAETHCS HA
npuitom. KoHuikTy Ha muH1 Ipu IbOMY HEMAE, OCKUIBKY 3HAUYEHHS 0iTa 3 piIBHEM
JIOT1YHOT OJUHUI (DAKTUYHO HE TIEPE/Ia€ThCs, 1 B PE3yJIbTaTi MOBIIOMIICHHS 3
HAWBUIIMM MIPIOPUTETOM MIPOXOJUT TIO IIHUHI TaK, K HIOM BOHO €quHE. Y
HACTYITHOMY IIUKJII IIMHU OyJie TIepe/laHo MOBIAOMIIEHHS 3 HUKYUM MIPIOPUTETOM,
1 Tak gam TakuMm 4YMHOM JOCSTaeThCsd MaKCUMaslbHa MPOIMYCKHA CIIPOMOXKHICTh

IIMHU 1 MIHIMaJIbHa 3aTpUMKa IS "rapsyux" moBiJOMIICHb.

Bucoka nagiigicthb
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Jst 3a0e3neueHHs: 6€3B1IMOBHOI pOOOTH B TSKKHUX YMOBAX 3a CTaHJIAPTOM

1SO11898 CAN-kouTposep 3abe3meuye poOOTy B MEpEeXki B HACTYITHUX BHUMAIKAX:
e Oyab-sAKHUH 3 3-X IPOTIB B IIUHI O0IpBaHUM;
® OyIb-SKUH APIT - 3aKOPOUCHUIN HA KUBJICHHS;
e Oyab-sSKUH APIT - 3aKOPOUYCHUHN HA 3arajibHUM JIPIT.

[Tpu 06puBi 2-X APOTIB YacTHHA (PYHKIIII OCHOBHOI CHCTEMHU MOXKE OYTH
peaizoBaHa B KOXKHIN 3 MiJICUCTEM, CTBOPEHUX OOPUBOM

IlepeBaru Ta Hea0JIIKH

Ilepesacu

MoMBICTh pOOOTH B pEKHUMI )KOPCTKOTO peaabHOro 4acy.

[IpoctoTa peanizariii 1 MiHIMaJIbHI BUTPATH HA BUKOPUCTAHHS.

Bucoka cTifKiCTh 10 IEPEIIKO/I.

ApOITpaxk JOCTyIy 10 MEPEKi 0€3 BTpaT MPOITYCKHOI CIIPOMOXKHOCTI.

HaniiftHuii KOHTPOJIHL MOMIJIOK TIEpeaadi 1 mpuiiomy.

[[Iupoxuii qianma3oH MIBUIAKOCTEN pOOOTH.

Benuke nommpeHHs TeXHOJOT11, HAABHICTh ITUPOKOTO aCOPTUMEHTY
MPOAYKTIB BiJ] pi3HUX MOCTAYaIbHUKIB.

Heoonixu

HeBenuka KiIbKICTh JaHUX, SIKE MOKHA MEPeIaTh B OJJHOMY TakeTi (10 8
OaifT).

Benukwuii po3mip ci1y>K00BUX JaHWX B TTaKeTi (1O BIAHOIIEHHO 10 KOPUCHUX
JTAHUMMU ).

BisicyTHICTh €AMHOTO 3arajIbHONPUNHHSATOrO CTaHAAPTy Ha MPOTOKOJ BUCOKOTO
PI1BHSI, IPOTE K, e 1 TAHICTh. CTaHAApT MEPEkK1 HAJla€ IMHUPOKI MOKIMBOCTI JIJIs
MPaKTUYHO OE3MOMMIIKOBOI MepeAayl JaHUX MK BY3JIaMH, 3aJIMILAI0UN
PO3pOOHUKOBI MOKIIMBICTh BKJIACTH B IIeH CTaHAAPT BCE, 110 TYAU 3MOXKE
noMicTuTHcs. Y 11omy BigHoIeHHI CAN moi0HUA MPOCTOMY €IEKTPUYHUM JIPIT.
Tynu moxHa «3anxaTi» OyJp NOTIK 1HQOpMaIlii, SKUil 3M0Ke BUTPUMATH

MPOMYCKHA 3aTHICTh MKMHU. BijoMi1 puKiaau repeaadi 3ByKy 1 300pakeHHs 10
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muH1 CAN (Pocis). Bimomuii BUnagok CTBOPEHHS CUCTEMHU aBapiitHOTO 3B'S3KY
B3JIOBXK aBTOJOPOTH JOBKUHOIO KUJTbKA NIecATKiB KitomeTpiB (Himeuunna). (Y
MepIIoMy BUIIAIKY MOTpiOHA OyJia BeJIMKa IIBUJIKICTD Mepe/iayl 1 HeBEIrKa
JOBKWHA JTiHii, y IpyroMy BUIIAJKY - HaBNIakK). BUroTosmoBadi, sk IpaBuIio, He

aQinyroTh, IK caMe BOHH BUKOPUCTOBYIOTh KOPHCHI OaliTH B MaKeTi.

JIEKIIA 11

OnnonpoBinnumii intepdeiic 1-Wire

3acanvha xapakxmepucmuka
OpnonpoBiguuil 1HTEpPeiic 1-Wire, po3poOaenuii B kil 90-X pokiB GpipMoro
Dallas SemicoKTRWSZ 11nductor, pernmameHTOBaHUN pO3POOHUKAMU JIJIs
BXKUBAHHS B TPhOX OCHOBHHUX C(pepax-3aCTOCYBaHHSX:
e cucreMH iIeHTU(dIKaLli 1 KOHTPOJIIO TOCTyMy (TexHosnoris iButton abo
Touch Memory);
e [porpamyBaHHs BOY/IOBaHOI aM'ATi IHTETPAIIbHUX KOMITOHEHTIB;
e cucremu aBroMaru3zailii (texunosoris mepesxxk MICROLAN).
Jns npuiiomy-nepenadi iHpopmMallii BAKOPUCTOBYETHCS OJHA JIBOHAIIPABIICHA
CUTHAJIbHA JIHIA (APYTHM IPIT - 3eMIISTHUT ).

B cucmemax ioenmugpixayii i konmponio docmyny — (Texnosorii Touch

Memory) oOMiH 31IHCHIOETHCS B PEXKUMI HamiBAyIUIeKca (abo npuiiom, abo
nepemaya). Bzaemois mpuiiaiiB mo oJHOMPOBIAHOMY 1HTEpdEiCcy opraHi3oBaHa 3a
npuHIMIoOM "Bene-BeeHuid" (master-slave). IIpu nboMy mpounTyrouuii npucTpii
3aBXU BeJle, a OJMH abo Jekinbka npuiaaiB Touch Memory - Beneni. Bzaemonis
JEKUTBKOX TIPHUJIAJIIB 3 MPOYUTYIOUNM MPUCTPOEM TIO OJIHIN JBOHAMPABIICHIN JiHIT
NIATPUMYEThCA anapaTHuMu 3acobamu Touch Memory.

['pyny komanna oOminy 3 11311 cknagarots yotnpu komanau: yntanus [1311,
MPOMYCK, OPIBHAHHSA 1 OIIYK. J[B1 OCTaHHI KOMaHIU 3a0€3MeUy0Th B3a€EMO/III0

1o OJIHiIM JiHiT Aekuibka Touch Memory 3 mpountyrounm npuctpoem. Komanaa
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MOPIBHSHHS 1HILIFO€ OOMIH 3 MPHJIAJIOM, CEPIMHUN HOMED SIKOTO BKa3aHUM.
Komanpa nmomryky /103B0JIsi€ BU3HAUUTH CEPIAHUN HOMEpP OJHOTO 3 MPHUIIAIIB,
MIIKJITFOYEHUX J0 JBOHAMPSIMICHOT JIiHII.

Bci kxomanau oOMiHy MaroTh (DikcOBaHUM PO3MIp - OJMH OaMT, IaHi
IpeICTaBICHI 8-pO3PSAHUMU UTUMH YiclIiaMu. Beaydiil nmpucTpiii 3aBxau
1HII1F0€ 0OMiH, TOCUJIAI0UX KOMaHIU BEJICHOMY IIPUCTPOIO.

Jlna 3a0e3mneueHHs MUTICHOCTI MepenaBanoi iHdopMallii mpoTOKOJI OOMiHY Ha
(b13UYHOMY PiBHI CTPOTO PETJIAMEHTYE YaCcOBI MTapaMeTpH CUTHAIIB Ha JIHII.

LIpoepamysanns 60y008anoi nam'ami inmezpanibHuUx KoMnoHenmis 3ade3neuye

MO>KJIUBICTb JIETKOI IepeOyA0BU (QYHKIINA HAIMMIBOPOBIITHUKOBUX KOMIIOHEHTIB 3
MaJIor0 KUTBKICTIO 30BHIIIHIX BUBOIB, BUpoOtoBaHuX (ipmoro Dallas
Semiconductor

Cucmemu asmomamuszayii na 6azimepesxc MicroLAN.

MICROLAN e iHbopMaIiiitHOI0 MEPEKEI0, 1110 BUKOPUCTOBYE JJIs 3A1MCHEHHS
M poBOro 3B's13Ky OJIHY JIIHIIO JaHUX 1 OJJUH 3BOPOTHUM (200 3eMIISTHUI) APIT.
(puc. 1.59) Takum unHOM, JIs peantizallli cepeoBHIla OOMIHY I11€1 Mepexi
MOXXYTb OyTH BUKOPHUCTAaHI, K Ka0eJl, 1110 MICTATh HEeeKpaHOBaHYy BUTY Mapy Ti€l
a0o0 1HII01 KaTeropii, Tak 1 3BU4aiHui Tenedonnuii apit. [logi6H1 Kabeni npu ix
MPOKJIAJIII HE BUMAraroTh, K IPABUIIO, HASBHOCTI CIEIIaJbHOTO YCTaTKYBaHHS.
OOMeKeHHSI MaKCUMAJIbHOI JJOBKUHU OHOTIPOBIAHOT JIiHI1, III0 pPeaTi3oBy€e€ThCs
0e3 creriaabHuX TOAATKOBUX TIOMOMDKHHUX MPUCTPOIB (TOBTOPIOBAYIB),
pernaMenToBane Ha piBHI 300M.

OcHoBoro apxitektypu Mmepexk MICROLAN, € Tomosoris 3arajibHo1 IIIMHH,
KOJIM KOXKEH 3 TIPUCTPOIB MIAKITIOUEHUN OE3MOCePEeTHBO 0 €UHOI MaricTpaii, 0e3
AKUX-HEOY1b KacKaJHUX 3'€THaHb a00 po3ranyxeHb. [Ipu nibomy sik 6a3oBa
BUKOPUCTOBYETHCS CTPYKTYpa MEPEXKI 3 OJJHUM BeIyuuM a00 MailcTpoM 1
OaraTbMa BeIEHHMH, X04a ICHY€ PsiJi IPUIOMIB opraHizalii poooTH moi0HIX

MEpEX B PEKUMI MyJIbTUMACTEPA.
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[IpoTokos 0OMIHY IO IILOMY 1HTEpPdEHUCY Ty>Ke MIPOCTHH 1 JIETKO peasizy€eThbCs

IPOrpaMHO MPaKTUYHO Ha Oyb-sakux MK.

MikpokoHTponnep :
: Voo
L ATK MPUCTPIN 1-WIRE
| DQ
: Wuka 1-wire ) Ry
Re—0<] : . [>o—
I 5 pA
i i | Tx
T | 100 Q
: MOSFET
' Ry = MPUNOM
J' Ty = MEPEJAYA

Puc. 159. Cxema oOminy 1o 1-wire intepdeicy

Ha puc. moka3zaHa crpoliieHa cxema anapaTtHoi peaiisaiiii inrepdeiicy 1-Wire.
Busenenns DQ npuctpoto € Bxonom KMOII-nornueckoro enemMeHTy, ikl MOXKe
OyTH 3alIyHTIpOBaHMM (3aMKHYTHH Ha 3araJIbHUM JIPIT) MOJLOBUM TPAH3UCTOPOM.
[una 1-Wire Mae OyTH MIATATHYTa OKPEMUM PEZUCTOPOM JI0 HANIPYTH KUBJICHHS
npucTpoiB. Omip 1poro pesuctopa 4.7 K, mpore, 11e 3HaU€HHS PEKOMEHJ0BaHE
JIUIIIE JIJIS1 JOCUTh KOPOTKUX JiHIN. SIK1o muHa 1-Wire BUKOPUCTOBY€EThCS IS
MIKJIF0YEHHS BIAJAJICHUX HAa BEJIUKY B1ICTaHb IPUCTPOIB, TO OMIP LBOTO
pe3ucTopa ciij 3MeHIUTH. MiHIMansHUN JomycTUMuUi omip - 6mm3eko 300 Om, a
MaKCUMaJIbHUH - 01u3bKo 20-30 Kisto0M.

[Tinkmrouenns mmnan 1-Wire 7o MK Ha puc. 1.59 nokazano yMOBHO B JBOX
BaplaHTax: 3 BUKOPUCTAHHAM 2 okpemux BuBOiIB MK (o/MH K BUXIiJ, a IHIIUN K

BXI1]T), TaK 1 OJTHOTO, IO MPAITFO€ 1 Ha BBEJICHHS 1 HA BUBIJI.

Oo6min inghopmayicio no wuni 1-\Wire
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1) OOMiH 3aBXaHM BeEThCS 3a 1HIIIATHBOIO OJTHOTO BEYyYOT0 MPUCTPOIO, SIKUM
B OUIbIIOCTI BUMIAJKIB € MikpokoHTpoaepoMm (MK).[ns intepdeiicy 1-Wire B
3arajJbHOMY BHUMAJIKY NepeadadaeThes "rapsye” maKIroYeHHs 1 BIKITI0OUeHHS
NpUCTPOiB. Bynb-axuii 0OMiH 1HGOpPMAITI€I0 TOYNHAETHCS 3 MMOJIa4l IMITYJILCY
ckunanns ("Reset Pulse" a6o mpocto RESET) B miniro 1-Wire Begyuim
PUCTPOEM.
2) byab-axuit npuctpiii, miakaroueHuit A0 1-Wire micis HalaHHS )KUBIICHHS BUJIA€
B JiHit0 DQ iMmynsc mpucyTHOCTI, 3BaHui "Presence pulse" (nani s
BukopucroByBatumMy TepmiH PRESENCE). Lleii ske iMITysibCc IPUCTPii 3aBKIU
BHJA€ B J1HIIO, SKI0 BUABUTH curHan RESET.
3). losiea B mmH1 1-Wire imnynbcy PRESENCE micns Bunaui RESET
OJIHO3HAYHO CBIYUTH MPO HASIBHICTh X0U OM OJHOTO MiKIIOYEHOTO IPUCTPOIO.
4). O6miH 1HpopMallii BeIeThCs TaK 3BAaHUMU TaiM-CJIOTaMU: OJIUH TalM-CJIOT
CIIY’KUTh JIJI1 0OMIHY OHUM O1TOM 1H(OpMAITIi.
5). daHi nepenaroThes MoOaUTHO, OIT 32 01TOM, TOYMHAIOYU 3 MOJIOJIIOrO OiTa.
JloCcTOBIpHICTD NEepeAaHUX/IPUUHATHX JaHUX (TIepeBIpKa B1ICYTHOCTI
CIIOTBOPEHB) TAPAHTYETHCS MIJISTXOM IMIIPAXYHKY UKIIYHOT KOHTPOJIBHOT CYMH.
Ha puc.1.60. nokazana giarpama curnajiiB RESET 1 PRESENCE, 3 sikux 3aBxau
MOYUHAETHCS Oyb-sikui 00MiH nanumu. Bumauda imnynscy RESET B mporieci
OOMIHY CIIYXUTb AJISI TOCTPOKOBOI'O 3aBEPILECHHS MPOLEAYPH OOMIHY

1H(DOopMaIrie€ro.
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MK nepepnac imnynoc RESET MK 3HaxoauTbcAa B pexkuMi npuitoma
480 ps miniym e 480 ps MiHinyn
MpucTpin nepegae

< % imnynbc PRESENCE
’ ¢ 15-60 |
Yac I)emwl_’—usLi 60.240 us

v

VCD

WwuHa
1-WIRE
GND

MK yTpHIye HUSbKMI
piBeHb

e TIPpUCTPIN yTPHMYE HUSBKMI
piBe€Hb

=== PiBeHb B niHii 3a0e3nevye
pesucrop "niaraxkn"

Puc. 1.60. Hiarpama curnanis RESET 1 PRESENCE

Ax 6aunMo, TPUBATICTH OUIBIIOCTI YACOBUX THTEPBANIIB AYX€E MPHUOIU3HA 1 Ma€e
JuIIe 0OMEXEHHS JIMIIIE TT0 MiHIMyMY (HE MEHIIIe BKa3aHOT0). Y MOBHI
MO3HAYEHHS JIIH1H, MOKa3aHi Ha PUC., BAKOPUCTOBYBATUMYTHCS 1 Jai.

Nmnynsc RESET dopmye Benyunii MK, nepeBoasiun B HU3bKUI JIOTTYHHUIA PIBEHb
muHy 1-Wire 1 yrpuMytou ii B iboMy ctati MiHiMyM 480 mikpocekyHa. [Totim
MK noBuneH "BianycTuTH" muHy. Yepes neakuil yac, 3aJIeKHUN B1Jl €EMKOCTI J1HIT
1 OMOpy MIATATYIOYOTO PE3UCTOPA, B JIiHIT BCTAHOBUTHCSI BUCOKUHN JIOTTUHUM
piBenb. [IpoTokon 1-Wire oOMexye 1ieii yac "penakcarii" gianazonom Bifg 15 1o
60 MIKpOCEKYH/I, 1110 1 € BU3HAYAJILHUM JIJI1 BUOOPY MIATATYIOUOTO PE3UCTOpA
(EMKICTB JIiHIT MIHATH HEMOXJIHBO).

[Ticns mpuitomy immynibey RESET, Benenunii nmpuctpiit mpuBOIUThH CBOT
BHYTPIIIIHI BY3JIM Y BUXIAHUM cTaH 1 popmye y BianoBias imiyinbc PRESENCE, sk
BUTLTUBAE 3 puC.1.48. - He mi3Hime 60 MUKPOCEKYH/T TICIIs 3aBEPUICHHS IMITYJIbCY
RESET. [Ins nporo npucTpiii nepeBOAUTh B HU3bKUI piBeHb JiHII0 DQ 1 yTpumMye
il B mboMy cTaHi Big 60 1o 240 mikpocekyHa. KoHkpeTHUI Yac yTpuMaHHs
3aJIeKUTD BiJl OaraThOX MmapaMeTpiB, aje 3aBK/I1 3HaXOUThCS Y BKa3aHOMY
niama3oHi. [licias uporo mpucTpiit Tak camo "BiAmyckae" MuHY.

[Ticns 3aBepuenns imnyascy PRESENCE npuctporo gaetbes 1ie aeskuii gac 1iist

3aBEepIIICHHS BHYTPIIIHIX MPONEAYp 1HiIiami3amii, Takum unHoMm, MK noBuHeH
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MPUCTYIUTHU JI0 OYyIb-IKOTO OOMIHY 3 IIPUCTPOEM HE paHile, yum depe3 480
MIKpOCEKYH/I Ticis 3aBepiieHHs immyiabcy RESET.

Wrak, npoueaypa iHimiams3aiii iHTepdeicy, 3 SK0r MOYNHAETHCS OY/Ib-sIKHI
OOMIH JaHUMHU MK TPUCTPOSMH, TPUBAE MIHIMYM 960 MIKPOCEKYH]I, CKIaAa€EThCS
3 mepenadi Bix MK curnany RESET 1 mpuifoMy Bij NpUCTPOIO CUTHATY
PRESENCE. fIkmo curnaia PRESENCE ne BusiBiaeHHH, 11€ O3Ha4ae 110 HA IIHHI
1-Wire Hemae TOTOBHUX 70 OOMiHY ITPUCTPOIB.

Posristnemo nporneaypu oOMiHy 6iTamu iHGOpMaIlii, siki, 311HCHIOIOTHCS
MEBHUMHU TaiM-clIoTamMu. TaiiM-CIIOT - 11€ 5KOPCTKO JIIMITOBaHA 3a YaCOM
MOCJIIIOBHICTh 3MIHU PiBHIB curHany B jiHii 1-Wire. lam Oynemo
BUKOpUCTOBYBaTH TepMiH MK, ik CHHOHIM "TIPOB1IHOTO MIPUCTPOIO" 1 TPOCTO
"mpuctpiil”, sk CHHOHIM "BeeHui". PO3pi3HAIOTH 4 TUIIM TaliM-CIIOTIB: Mepeaaya
"1" Big MK, nepenaua "0" Bix MK, npuiiom "1" Big npuctporo 1 npuiiom "0" Big
IPUCTPOIO.

Koxen Taitm-cnot 3aBxau nounHae MK nmisixom nepesenenns muHu 1-Wire B
HU3BKUH JIOTTYHUH piBeHb. TpUBaNiCTh OyIb-SIKOTO TaliM-CJIOTa TOBUHHA
3HaxoAuTHCS B Mexkax Bi 60 1o 120 mikpocekyH1. Mix OKpeMHMH TaiiM-ClI0TaMu
3aB)K/IM MOBUHEH IepeadayaTucs IHTepBaj He MeHIle 1 MIKpoCceKyHAN (KOHKPETHE
3HAYEHHs BU3HAYAETHCS TapaMeTpaMH BEJIEHOTO MPUCTPOIO).

TaliM-cII0ThI Iepenayl BIAPI3HAIOTHCS Bl TaM-CIIOTIB NpuiioMy moBeiiHKo0 MK:
IIpy iepeadi BiH juiie GopMye CUTHAIH, TIPU IPHUIOMI, KPIM TOTO, III€ 1 ONTUTYE
(ToOTO mpHiiMae) piBeHb curHany B JiHii 1-Wire. Puc.1.61. nemoHcTpye yacoBi
JiarpaMu TaiM-CIIOTiB BCIX 4-X TUIIB: Bropi MOKa3aHl TaliM-CJIOTH Niepeaadl Bij

MK, BHU3Y - pHiloMy BiJ IPUCTPOIO.
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Movarok I'Io:larox
TalM-cnoTy TalM-cnoTy

Taiim-cnot nepepavi “0" Taiim-cnoTt nepenayi“1"
Tps < Teee <00
<

>
»

60pus <Ty 0" <120 ———> >1ps

Voo
Wwuna
1-WIRE
GND
30Ha BBOAY 3HAYEHHA B NPHCTPIi 30Ha BBOAY 3HA4EHHA B NPHCTPIi
MiH. THAIYHO MaKc. MiH. TMAIYHO MaKc.
<+ 15us »|e 15ps »le— 0ps —» < 155 »|e 15ps »ple— 0ps —»
Taiu-cnot npuitomy
n it nepenac 0" Mpucrpiit nepenac 1"
pHcTpiil nepep, K %0 € Tonc £ 00
Voo
Wnna
1-WIRE
GND

3oHa BBOOY
3HavyeHHA B MK

Sl

Puc.1.61. Taiim-cnotu

Taitm-ciot nepenauyi "0" momsirae mpocTo B yTpuMaHHi mmnau 1-Wire B
HU3bKOMY PIBHI MPOTATOM BCi€l TpUBAJIOCTI Taitm-ciioTa. [lepenaya "1"
3M1MCHIOETHCS UIIXOM "Biamycky" mmHM 1-Wire 3 6oky MK He panime unm uepes
1 MIKpOCEKYHy MiCJIsl MOYaTKy TailM-CJI0Ta, ajie He TMI3HiIIe HiX yepe3 15
MIKpOCEKYH/. Benenuil mpucTpiii onuTye piBeHb B muHI 1-Wire npoTtsirom
4acOBOT'0 1HTEPBaly, YMOBHO MOKAa3aHOTO y BUTJISAL CIpOro MPSMOKYTHHUKA, TOOTO
MOYMHAIOYH 3 15-01 MIKPOCEKYH/IM BiJl TOYATKY TakM-CIIOTa 1 3aKiHUyt0uu 60-010
MIKPOCEKYH/IOI0 BiJl TOYaTKy. TUMOBUI MOMEHT BBEJEHHS PiBHS B IPUCTPIid
(TOOTO XapakTEepHU AJisi OLTBIIOCTI TPUCTPOIB) - 611 30-01 MIKPOCEKYHIN Bl
[I0YaTKy TalM-CJIOTA.
3amTpuxoBaHa 00J1acTh - 11e 007acTh "HapocTaHHs" piBHS B mmHI 1-Wire, sxa
3aJICKUTH BiJl EMKOCTI JIIHIT 1 OTOPY MIATATYIOYOT0 PE3UCTOPa, BOHA MTPUBEICHA
U1 TOBIJKH.
Taitm-cnotu npuitomy iHpopmarii BiApi3HAIOTHCS TUM, 1110 MK dopmye nuie

MoYaToOK TalM-cJioTa (aOCOIIOTHO TaK caMo, SIK Ipu nepenadi "1"), a moTim
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yhpaBiiHHA piBHeM muHH 1-Wire 6epe Ha ceOe mpucTtpiii, a MK 3aiiicHioe
BBEJICHHSI IIHOTO PIBHSI TaK CaMO B MEBHIN 30H1 YaCOBUX IHTEPBaJIiB. 30HA I1A, K
BUJIHO 3 puc.1.61., nocuts Mana. KoHTposiep moBUHEH BBECTH PIBEHb CUTHATY 3
miHii Ha 13-15-1#1 MikKpoceKyH/I1 BiJl TOYATKy TailM-CJI0Ta.

Taxum ynaoMm, MK nounHae Taiim ciioT Bugadoro B muny 1-Wire "0"
npotarom 1 MikpocekyHau. [lonanpinmii piBeHb 3aJ€KUTh Bl TUIA TailiM ClIOTa:
JUIs TIpuiioMy 1 epeaayi 1" piBeHb TOBHHEH CTAaTH BUCOKHUM, a aJis epenadi "0" -
3aJIUIIATHUCS HU3BKUM JI0 KIHIA TaliM-cia0Ta, ToO0To He MeHme 60 1 He Outbie 120
MikpocekyH. ko MK npuitmae gaHi, TO ONUT PiBHA B IIMHI BiH TOBUHEH
3poOuTH Ha MPOMIXKKY Bia 13-01 1o 15-1i1 mikpocekyHai Taitm-ciora. MK noBuHeH
3a0€3MeUYUTH IHTEPBAT MK OKPEMHUMH TaliM-CIIOTaMU HE MEHIIIEe 1 MIKpOCEKYH/IH.
Cninx TouHo 3abe3neuyBatd B muH1 1-Wire HeoOX1/1H1 4acoBi IHTEPBAIU, OCKLIBKH,
HaIPUKJIa[d, 301JIbIIEHHS TPUBAJIOCTI TallM-c0Ta BUBeAeHHS "0" 3BepXy
PEKOMEHIOBAHOTO 3HAYEHHST MOKE MPUBECTU JI0 IOMUIKOBOTO CIIPUIHSTTS I[LOTO
TaiiM-cioTa, ik curiainy RESET. Bci curnanu, siki nosunen gopmyBatu MK, ciig
dbopMyBaTH 3a MPUHIIUIIOM HEOOX1THOTO MIHIMyMY TPUBAJIOCTI (TOOTO TPOXHU
OisIbllle, UMM BKa3aHa MiHIMallbHA TPUBAIICTH), & BiJl IPUCTPOIO CII1J] YeKATH
CUTHAJIIB 3@ PUHILIMIIOM HaWripmoro (ToOToO OpieHTYBAaTHCS Ha cami Tipuil
BapiaHTH YaCOBUX MapaMeTpiB CUTHAITY).

Koxen npuctpiii 1-Wire Mae yHikanbHu# i1eHTHIKAIIHHUN 64-01TOBUM HOMeED,
10 MIPOTPaMY€EThCS Ha €Tarli BUPOOHUIITBA MIKPOCXEMH. Y HIKAIbHUH - 11€ O3HAYAE,
10 (pipMa-BHPOOHUK TapaHTYeE, 110 HE 3HANAETHCS TBOX MIKPOCXEM 3 OJTHAKOBUM
1eHTUIKAITHUM HOMEpOM (IPUHANMHI BIPOJIOBXK JAEKIJIBKOX JIECATKIB POKIB

PY ICHYIOUHX TEMIIaX BUPOOHUIITBA).

Ilpomoxon obminy
[Tpu po3rasai mpoTokory 0OMiHY BBaskaeMo 110 Ha HiHHI 1-Wire € O1IbI Hik
OJMH mpucTpiid. B oMy Bunaaky nepea MK BcratoTh 2 mpoOieMu: BUZHAUEHHS

KUTBKOCTI HasIBHUX MPHUCTPOIB 1 BUOIp (aapecaliis) OTHOTO KOHKPETHOTO 3 HUX AJIs
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oOMiHy naHuMU. BupimeHHs nepiioi npooiemMu 311MCHIOEThCS JBOMA IUISIXaMU:
YHIBEPCAIBbHUM 1 THYUKHM, aj€ BUMaralouuM JOCUTh CKJIaJHOTO aJTOpPUTMY, IO 1
MIPOCTHUM, TIPH SIKOMY B1JIOM1 HOMEPH BCIX BUKOPUCTOBYBAHHUX Yy BaIIiii cxemi 1-
Wire-tipuctpoiB. Homepu fesikux MpUCTPOIB HAaHECEHI Ha KOPITYCl MIKPOCXEM
(HampuKkian, A7 npucTpois iButton - BCiM BiIOMUX KITIOUiB-TITYJIOK), @ HOMEPH
IHIIMX MO’KHA BU3HAUUTH 3a IOTIOMOIOI0 CHEIialbHUX Mporpam abo MPUCTPOIB.
Xai BiJoMi HOMepH BCiX MpUCTpoiB 1-Wire Ha mmHI. AITOpUTM HACTYITHUI:
MK nocunae, immyiasc RESET, 1 Bce nHasBHi npuctpoi Buaatote PRESENCE.
[Totim MK mnocunae B mmHy KOMaHAy, sSIKy IpUiiMaioTh Bl mpuctpoi. Komana
BH3HAYCHO JICKIJIbKA 3araIbHUX JJIs BCiX TUMiB 1-Wire-nmpucTpois, a Tak caMo
MOXKYTh OyTH KOMaH/IH, YHIKaJIbHI JUIsl OkpeMux TUIiB. Cepen 3araibHIX KOMaH]T

HaWOUIBII MOIIUPEH]1 HACTYIHI (IUB. Tadmuo 1.8.).

Taomuns 1.8. Komanau intepdeiicy 1-Wire

Komanga | 3nauenns | Omnuc
Oaiita

SEARCH | OxFO [Tomyk aapec - BUKOPUCTOBY€ETHCS IIPH YHIBEPCAIbHOMY aJITOPUTMI

ROM BHU3HAUEHHS KIJIBKOCTI 1 aJjpec NIAKIYEHUX MPUCTPOIB

READ 0x33 YuraHHA afgpecu IPUCTPOIO - BAKOPUCTOBYETHCS JIs1 BUSHAUEHHS

ROM aJIpecy €IMHOTO MPUCTPOIO Ha IIKHI

MATCH 0x55 Bubip agpecu - BUKOPUCTOBY€ETHCS JIs1 3BEPHEHHS 10 KOHKPETHOT

ROM aJipecy MPUCTPOIO 3 6araTboX MiJAKIIOYEHUX

SKIP ROM| 0xCC IrHopyBaTH azpecy - BUKOPUCTOBYETHCS J1JIsl 3BEPHEHHS /10 €IMHOTO
IPUCTPOIO Ha IIKHI, IPH LIbOMY aJipeca MPUCTPOIO ITHOPYETHCA
(MOJKHa 3BEPTATHCS 10 HEB1JIOMOTO TIPUCTPOIO)

[epiia koMaH1a BUKOPUCTOBYETHCA B CKIIAIHOMY YHIBEPCAIbHOMY alTOPUTMI,
Jpyra 103BOJII€ BUSHAYNUTH AIpECy IPUCTPOIB, NEPE IX YCTAHOBKOIO B TOTOBUU

BUPIO, a 1B1 OCTaHHI HAIIEBHO € OCHOBHUMH.
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[Ticns Toro, sik MK Bumacts komanay READ ROM, Big npuCTpoIo MOCTYNUTH §
OaiiT fioro BracHoi yHikanbHOI afapecu - MK noBuneH ix npuitHsatu. byab-ska
nporeaypa oOMiHy JaHUMHU 3 IPUCTPOEM Ma€e OyTH 3aBepIlieHa MTOBHICTIO a00
nepepBana nocuiikoro curiany RESET.

Axmo Bignpasnena komanga MATCH ROM, to micist mei MK noBuHeH nepenatu
TakK camo 1 8 0alT KOHKPETHOT aJpecu MPUCTPOIO, 3 AKUM 3/11HCHIOBATUMETHCS
oaNbITUH 0OMiH JaHuMU. [{e piIBHOCHIIPHO BUCTABIISIHHIO aPEeCH Ha
napayieNibHIi MIUHI B MIKPOIIPOLIECOPHUX MPUCTPOAX. [[pUifHSIBIIN 11I0 KOMaHTY,
KOXXEH MPUCTPIN MOPIBHIOE MIEpeAaBaHy aJIpecy 31 CBOEIO BiIacHO0. Beil mpucTpoi,
ajpeca IKMX He 301riacs, NpUIUHSIOTH aHaMI3 1 BUJayy CUrHaiiB B JiHii 1-Wire, a
MPUCTPIid, 110 Mi3HAB ajpecy, NpoaoBxkye podorty. Tenep Bci naui, nepenaBani MK
MOTPAIUISITUMYTh JIUIIIE 10 LbOro "anpecoBanHOMY" mipuctporo. To, sKi came aaHi
Tpeba mocnaTy B MPUCTpPii a00 OTPUMATH BiJ] HROTO MICIIs MOTo ajapecaiiii,
3aJIeKUTh BiJl KOHKPETHOTO NIpUCTpoto Hampukiaz, s 3ragaHoro TepMoMeTpa 1e
MOXYTh OyTH KOMaH/IH 3aIlyCKy BUMIipIOBaHHs a00 IPOYNTYBaHHS Pe3yJIbTary,
JUISL KITFOYA-TTTYJIKA He BU3HAYCH] YKOJIHI 1HII KOMaH/IH, OKPIM OCHOBHUX, a JIJIs
MikpocxeMm ALl mogaTkoBUX KOMaH MOXKe OyTH OJIM3BKO JCCATKA.

k1o npucTpiil OIMH HA IIMHI TO MOKHA MPUCKOPUTHU MPOLIEC B3AEMO/IIT 3 HUM 32
nornomororo komauau SKIP ROM. Otpumasiiy 1110 KOMaHy, PUCTPii Biipasy
BBaXkae aJpecy Takoro, 10 301r1acs, Xxo4a K0IHO1 aJIpecH 3a I[I€I0 KOMaHI010 He
ciiaye. Jleski mporeaypy He BUMararoTh MPUHOMY BiJI MPUCTPOIO KOAHUX JTAHUX,
B 11boMy BUNaAKy komauay SKIP ROM mo)kHa BUKOPHCTOBYBATH JIjIs Tiepeiadi
AKoichk 1H(pOpMaIlii Bipa3y BCiM IpUCTposiM. Lle MokHa BUKOPHCTOBYBATH,
HATMPUKIIAI, ISl OJTHOYACHOTO 3aIMyCKy IIUKITY BUMIPIOBAHHS TeMIIepaTypu
JeKIIbKOMa JIaTYuKaMu-TepMmoctaramu Tuna DS18S20.

[IpuiioM 1 nmepenaya 6GalTIB 3aBXKIM MOYNHAETHCS 3 MoJioamioro Oira. [lopsmok
JTOTpUMaHHs 0alTIB pHU nepeaadi 1 MpUoMi aapecu MPUCTPOIO TaK CaMo

BEJIETHCS B1Jl MOJIOAMIOTO J10 cTapioro. [lopsmok nepenadyi iHoi iHpopmari
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3aJIeKUTh BiJl KOHKPETHOTO MIPUCTPOIO, TOMY CJ1J 3BEpTATUCS A0 JOKYMEHTAIlll Ha
BXKUBaH1 BaMU MPUCTPOI.

VYHikanbHa 64-6iToBa HOMEp-aapeca NpucTpoiB 1-Wire ckitagaerbes 3 8 OauT:
oaHOro OaifTa ieHTUdiIKaTopa CiMecTBa, ImecTu 0anT (48 61T) BjIacHe yHIKaIbHOT
aZipecH 1 OAHOTO OaiiTa KOHTPOJIBHOT CYMHU BCIX MOMEpEIHIX OaiTiB.

Kontponbsha cyma a6o CRC - 11e 6ailT, 3Ha4€HHS SIKOTO MEePEIAETHCS
HANHOCTaHHIIINM 1 00YUCIIOETHCA MO CIIeHiaTbHOMY aJITOPUTMY Ha OCHOBI
3HAYEHHA BCiX 7 momnepeaHix 0aiTiB. AJTOPUTM MIPAXyHKY TaKUU, IO SKIIO BCI
OaiiTu nepegaHi-nmpUHATI 6€3 CIOTBOPEHB, MPUUHITHI 0aWT KOHTPOJIBHOT CyMH
000B's13K0BO 3013KUTHCS 3 po3paxoBaHnuM B MK (abo npuctpoi) 3HaueHHsiM. ToOTo
IIpU peaizailii IporpaMHOro ajJropuTMy oOMiHy iHGOpMaIli€r0 HeoOX1JHO MPU
nepeaadyl 1 mpuiiomi OalTIB MiAPAXOBYBATH iX KOHTPOJBHY CYMY IO CTPOTO
MEBHOMY aJITCOPUTMY, a MOTIM a00 NepeaTu Ha0yTOro 3HaUYeHHs, 00 MOPIBHITH
po3paxyHKoBe 3HaueHHs 3 HabyToro 3HaueHHss CRC. Jlume npu 36iry o6ox CRC
MK abo npucTpiii BBaKarOTh IPUUHATI 1aH1 JOCTOBIPHUMHU. [HaKIIIE TPOIOBKEHHS
00OMiHY HEMOJKIIMBE.

BoueBunp, mo anroputm miapaxynky CRC mae Oyt ognakoBum sik 1yt MK, tax 1
JU1s1 Oy Ib-sIKOTO MpUCTporo. BiH "cTangapTuzoBaHuil" 1 onucaHuii B JOKYMEHTAITI].

"Understanding and Using Cyclic Redundancy Checks with Dallas
Semiconductor iButtonTM Products"IIpukiian nporpamuoi peanizanii CRC
aJITOPUTMY Ha MOBI aceMOuiepa.

s migmporpama BukopuctoBye oaun 0aiT nam'sati CRC nmst 30epirans
pesyabTrary. [lepen nepmmM BUKIUKOM 1€ 6aiT HeoOX1THO OOHYIUTH. Y
aKyMYyJIATOPI1 - UepTOBUI NMPUNHATHN a0 nepeaaBanuii 6aitT. Ilicis Toro, sk BCi
OaiiTu nepegani/mpuitHATi y komipky nam’sti CRC Buiiie KOHTpoJibHA cyma.
[linmporpama He TIICY€E KOJHUX PETICTPIB, OKPIM pPEricTpa CTaHy.

DO_CRC:

PUSH ACC ; 30epiraeMo akymyJsiTop
PUSH B ; 36epiraemo perictp B
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push ACC ; 30epiraemo 0aiT maHux
MOV B, #8 ; KiIbKIiCTb OiTiB (JIYMILHUK ITUKIIIB)
CRC_LOORFP:
XRL A, CRC ; Bumukaroue ABO (XOR) 3 monepenHiM 3HAYEHHSIM KOHTPOJIBHOI
CyMHU
RRC A ; 3cyB mpaBopyy 4epe3 Mparop nepeHeceHHs
MOV A, CRC ; 6epemo octanne 3HadeHHst CRC
JNC ZERO ; mepexin, sikio He 0yJI0 IEpEHECEHHS
XRL A, #18H ; onoBmroemo 3HaueHHsS CRC murssxom XOR 3 koHCTaHTOH
ZERO:
RRC A ; 3HOBY 3cyB CRC
MOV CRC, A ; 36epiraemo HoBe 3HaueHHT CRC
POP ACC ; BiIHOBJIIOEMO OalT JaHHUX
RR A ; HUKIIYHO 3CYB MPaBOPyY
PUSH ACC ; 3HOBY 30epiraeMo 3Ha4eHHS
DINZ B, CRC_LOOP ; moBTOprO€EMO UK 8 pa3iB (11 KOXKHOTO 0iTa)
POP ACC ; ounmaeMo cTek
POP B ; BiZHOBIIIOEMO KOJIMIITHI 3HAUEHHS PETICTPIB 13 CTEKa
POP ACC
RET ; 3aBepiieHHs Mpoleaypu

Buxopucrtanns 1mi€i (Ta 1 moAabInoi) miamporpamMu ayKe MpocTe: mepe
MOYaTKOM npuiiomy ado nepenadi Tpeda oOnymutu komipky CRC, a moTiM KoxeH
NpUIHATUHN a00 nepeaanuii 0alT MOMICTUTH B aKyMYJIATOP 1 BUKJIUKATH L0
nignporpamy. Ilicas Toro, sik mpuitHATI Bei 8 (3BepHETE yBary - came 8!) OaiTiB
YHIKaQJIbHO1 aJpecu MPUCTPOI0, HEOOX1IHO nepeBipuTH BMICT KoMipku CRC:
HEHYJIbOBE ii 3HAUEHHS CBITYUTH MPO HASIBHICTh CIIOTBOPEHHS MPUMHITUX JaHUX.
SAxuro x CRC=0 - nie o3Hauae, m1o ga"i npuitHATI 6€3 cnoTBopeHs. Skio x MK
BIB Iiepeady yHIKaabHOT ajpecu npucTporo, To BMicT CRC Mae Oyt nepenaHuit

8-M 6aifToM miciis MOMepeaHIX CEMHU.
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Takum unHOM

- Oynp-sikuii 00MiH iH(OpMalIi€o MoYnHAETHCS 3 epenadi iMmynbey RESET 1
npuiriomy umynsca PRESENCE;
- k1o iMimyibcy PRESENCE He BusiBIIeHO - Ha IIMHI HEMAE PUCTPOIB;
- MK 3aBxu iHiIiF0€ 0OMIH, TOYMHAOYH KOXKEH TalM-CJI0T 0OMiHYy GiTOM
1H}opMaIii;
- 4aCOBI MTapaMeTPH KOKHOTO TalM-CJI0Ta CITi TOTPUMYBATH 3 MAKCUMAJTLHO
MO>KJIUBOIO TOYHICTIO;
- I71s1 BUOOPY OJTHOTO 3 Oararbox nmpuctpois Ha muHi 1-Wire MK noBunen
nepenatu B mmHy komanay MATCH ROM 1 notiMm 8 OaiiT agpecu NpucTporo,
ocTaHHi (8-11) OalT 11i€T apecy - € KOHTPOJIbHA CyMa MONEPEIHIX CEMU;
- SIKIIIO TIPUCTPil Ha mMH1 oAuH - MK Mo’ke B3HATH MOTro afipecy IMUISIXOM MOCHIIKU
koMmanau READ ROM, micist 4oro npuiHATH BiJ] IPUCTPOIO 8 OalTiB ajpecH,
OCTaHHIH 3 IKUX TaK caMo OyJie KOHTPOJIHHOIO CYMOIO MEPITUX CEMH;
- 1711 poOOTHU 3 €IMHUM MIPUCTPOEM Ha IIMHI MOKHA BIJIMOBUTHUCS BiJ] BKa31BKU
roro agpecu, aist nboro MK nosuneH nepenatu npuctporo komanay SKIP ROM,
IICJIS YOr0 MO>KHA ITOYMHATHU 3BUYAalHUI OOMIH JaHUMU,
- Oyap-sika TIoyarta npoleaypa oOMiHy MOXKe TPUBATH CKUIBKU 3aBI'OJIHO JOBIO 32
pPaxyHOK Tay3 MK OKPEMUMU TaiiM-CJI0TaMU, ajie 3aBXKI1 Mae OyTH 3aBepIeHa
MTOBHICTIO;
- IepepBaTu oyaTuii 0OMiH MOXKHA y OyIb-sIKWi MOMEHT IUIIXOM BUa4i
imynbeey RESET B mnny 1-Wire (ane e Moke HopyuuTi HOpMajibHy poOOTy

NESIKUX MPUCTPOIB).
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10.

11.
12.
13.
14,
15.
16.
17,
18.

KoHTpOJ/IbHI NUTaHHSA

Ski 3ama4l BUPINIYIOTH 1HTEJIEKTYaIbHI BY3JIM PO3MOAUICHOT
MIKpPOKOHTpPOJIEpHOT Mepexki? BrkaxiTh mepeBaru mnepe; eHTpati30BaHO0
CHUCTEMOIO

Sxki inTepdeiic BUKOPUCTOBYIOTHCS B PO3MOIICHUX MIKPOKOHTPOJIEPHUX
Mepexax?

ki € MeTou apOITpaXKy B pO3NOIIIIEHUX MIKPOKOHTPOJIEPHUX MEpekKax?
KopoTko onuiite peskxuMu poOOTH TOCIIIOBHOTO 1HTEpdECcy
MiKpoKoHTpoJiepa MK-51.

Onumritk perictpu iHTepdeiicy SPI.

Kopotko onuuiite po6oty inTepdericy SPI.

OnuuriTe apxiTeKTypy 4x—1poBoaHoi SPI mmHu 3 OIHUM BeAy4YUM 1
NEKIJIbKOMa BeJeHUMHU. Sk 11 MO)KHA BIOCKOHAIUTHU?

Onuurite apxiTektypy 4x—tpoBoaHoi SPI mmHu 3 1Boma Begyunmu. Ak ii
MOYHa BJIOCKOHAJIUTH?

OnumiiTe ABomnpoIiecopHy apxitekrypy SPI munu 3 pecypcom, mo
PO3IIIAETHCS.

OnumriTe ABompoIiecopHy apxiTektypy SPI muHu 3 po3iieHum pecypcoM 1
JTHISMH 3a0TUTY IIUHU.

O6unactb 3actocyBanHs mHU [2C? BkaxiTh 11 epeBaru i HeJOMIKY.

Sk 3aiticHroeThes miakoueHHs [2C-punamiB 10 mmHU?

Sk 3a1ficHIOETRCA TTepecriiKa 01Ta JaHux 1o muHi [2C?

Onumrite curianu START u STOP mwam 12C.

Onuurite popmar Gaiita mmuu 12C.

Sk 311iCHIOETHCS TIATBEPKEHHS ITPU niepenayl qaHux muHu [2C?

Sk 3miicHIOETRCS cMHXpOHI3aITis 1o muHi [2C?

Sk 3aificHI0€TBCS apOiTpax no mwuHi [2C?
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19.

20.
21,
22,
23.

24,
25,
26.
217,
28.
29.
30.
31.
32,
33.
34,
35.
36.
37.
38.
39.
40,

41.

Sk BUKOPHCTOBYETHCSI MEXaH13M CHHXPOHI3aIlil TPH MpOoLeaypl yIPaBIiHHSA 1O
a1 [2C?

Sk 3aificHIOETRCS 7-01TOBa afpecarttis no muHi 12C?

3arajbHOr0 BUKJIWKY 1Jisl muHu 12C.

Onuiite mpu3HauYeHHs Oaity crapty s muHu 12C.

OnuuIiTh OCHOBHI XapaKTEPUCTUKHU JBOMPOBIIHOTO MOCIIIOBHOTO iHTEpdeicy
TWI.

OnumriTe 6JI0K TeHepaTopa MBUAKOCTI 3B 513Ky Moyt TWI.
OnumriTek 670K mUHHOTO 1HTEpdeiicy momays TWI.

Onunrite 670K BUsIBIEHHS aapecu moayis TWILL

Onumrite 6710k KepyBaHHs. Moyt TWI

Kopotko onumiits perictpu TWI.

SAxa nocninoBHicTh 00ciyroByBanHss TWI npu tunosiil nepenayi?
Haiite BuzHauennss CAN inTepdeiicy.

Onuirith TexHiuH1 Xapaktepuctuku CAN iHTEpdeiicy.

[Tpuniun po6otu CAN inTepdeiicy.

Inentudikaropu CAN intepdeiicy.

®iznyna mmHa CAN iHTEpdEiicy.

Sk nocsraerbest Bucoka HaaiitHicTh CAN 1HTEpdEticy?

Sk 3piiicHtoeTsest apOiTpax CAN muHu?

Sk 3miicHIOeTHCS BUsABIeHHS TOMIIOK CAN 1mmmHu?.

Omnumrite hopmar CAN TOBIJOMIICHHS.

KopoTko onumiite oHONpoBiqHMU iHTepderic 1-Wire.

J171s1 40T0 BUKOPUCTOBYETHCS CHCTEMa aBTOMaTH3allii Ha 6a3i Mepex
MicroLAN?

Sk 3aificHIOETRCST 0OMiH iHGOpMartiero 1o muHi 1-Wire?
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