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BBeaneHue

[locnenosatenbHbi nuTEpdeiic sBaseTcs OAHUM U3 Haubonec paHHUX HHTepQEei-
coB 0OMEHa JaHHbIMHU, HO, HECMOTPS Ha 3TO, OH 10 CHX MOp SBASETCH OJHUM W3
CaMbIX PacnpOCTPAHEHHBIX. DTO OOYC/IOBNEHO €ro OTHOCHTEbHOMN MPOCTOTOMN B
peanmn3aumrm, HaaeXHOCTLIO. NOCTYNMHOCTbIO 00opyaoBaHUs. CyLUECTBEHHO W TO,
YTO MPOrpaMMHMPOBAHUE 110CEN0BATENLHOrO 0OMEHA JaHHBIMHM JIOBOJILHO J1erko
BBIMOJIHAETCS C MOMOWIBIO CTaHAapTHBIX (PyHKLKMI npuknaanoro untepderica npo-
rPaMMHUPOBAHUSA, KOTOPbIE JOCTYMHbI BO BCEX MOMYJIAPHLIX OMNEPALUOHHBIX CHC-
Temax, Takux kak Windows u Linux.

[MocnenosatenbHeii MHTEpGhEHC OueHb LIMPOKO MCMONb3yeTcsi Kak B MpocTei-
IKMX KOMMYHWKAUMOHHBIX CHCTEMAX, TaK MU B OOJBbLUMHCTBE MPOMbIILACHHBIX
cuctem obMeHa NaHHbIMM, c6opa MHGOPMaUMH W YIPABJIEHUs!, MOCKOJIbKY MpH
CO3MaHUM HALEXKHBIX pacrnpeaenCHHbIX CHCTEM YMpaBileHUs U KOHTPOJs CTaH-
napram rnocneaosatesibHOro oomMeHa nanHeiMu RS-232 n RS-485 peanbhoit aib-
TepHaTHBDI MOKa HET.

OcHOBHOH HeJl0CTaTOK MocJ/lefoBaTeNbHOr0 HHTepdelica — OTHOCHTENBHO HU3-
Kasi CKOpOCTb 0OMEHa JaHHLIMMK 0 CPABHEHHIO C APYIMMH HHTepdeiicamu — B
HacTosllee BpeMsi YCMEUIHO MpPEeOAOJICBAETCS B HOBbIX amnapaTHbIX pa3padoT-
Kax, a anrapaTtHo-MporpaMMHble METOAbI "BMpTyajsu3auuu" mno3BoIfOT pabo-
TaTh MPAKTHUYECKH C JIIOObLIM KOJIMYECTBOM IOC/eA0BaTeNIbHBIX UHTep(ericos B
OHOM cucTeMe.

HHuTepec k nocnenoBatenbHOMy MHTepdeHCy B rnociienHee BpeMst He TOJbKO HC
ocnabesaeT, HO [axce BO3PACTAET, O YEM CBHACTEIILCTBYET KAK OrPOMHOE KOoaude-
CTBO BbIMTyCKaeMoro o0opyJloBaHHs (NMPOMbILLIEHHOro U sabopaTopHoro), pado-
TaIOLLETO C MOC/e0oBaTebHbIM HHTepdheHcoM, Tak U 6oJbLLOe KOMMYECTRO CTaTeH
M KHHT, BbITYCKaeMbIX 3a pyOeskom 1o AaHHOH TemaTHKe.

B kHure paccmaTpHBaioTCs BOMPOCH! anmnapaTHOM apXMTEKTYpbl M MporpamMmMUpo-
BaHMs MOcCjief0oBaTeNIbHoro HTepdelica B onepaunoHHbiX cuctemax Windows u
Linux. JleTanbHo aHalW3UpYIOTCS annapaTHO-apXHTEKTYPHbIE OCOOEHHOCTH M0-
ClleIoBaTeNIbHOTO UHTepdeiica NepcoHaIbHOro KOMMbLIOTEpa, CTaHAapTbl W HIITEp-
(heficbl, MeTOABI TECTUPOBAHHS U HacTpoiku. bosbLioe BHUMaHKE y1eN€H0 aHalu-
3y MPaKTHUECKHX MPOEKTOB allfMapaTHO-MPOrpaMMHbIX CUCTEM 0OMEHA 1aHHbIMH €
ucnonszoBanueM uHrepdeiicos RS-232 u RS-485. Bee npumepst nporpamMmHoro
Koza, MPUBEIEHHbIE B KHUIE, UMEIOTCA Ha KOMIMAKT-IHCKE.



2 BeedeHue

Kuura cyLiecTBEHHO OTIMYAETCS OT aHAJIOTHMUHLIX uznaHuii. Bo-nepsoix. noapoo-
HO PAcCMOTpEH anmapaTtHblii HTepdeic NpoToko0B NoCaACAOBaTCALHON Nepeaa-
Yy aHHbLIX Ha 0a3ze YHUBEPCaJIbHbIX AaCHHXPOHHBLIX TpUeMonepeaaTiHKOB
(UART — Universal Asynchronous Recciver/Transmitter) 1 npoaHanu3upoBaHbl
BOMPOCH! MPOrpaMMHPOBAHMS 3THUX YCTPOWCTB B 3ALUMILEHHBIX OMepauMollibix
cuctemax Windows. Bo-BTopbix, Ha 00AbLIOM 4YMCJIE TIPAKTHMYECKHX MPHAEPOB
paccMOTpeHbI METOAbI MPOrpaMMUPOBAHHUS MOC/IEI0BATENILHOIO 110pTa B Hanbonee
NonynsipHbIX cpelax MmporpamvupoBanus, Takux kak Delphi 1 Microsoft Visual
Studio .NET nocnennux sepcuil. [lporpamMmupoBalive nocaenoBaTe/IbHOrO 110pTa
B cpene .NET u Delphi, 6naronaps Bse/ieHHIO HOBBIX KOMIOHEHTHBIX MOZesicH
JUTs laHHOro UHTepdeiica, cTas10 3HauuTe IbHO Donee 3 PeKTUBHBLIM W PACIUMPHIO
BO3MOXKHOCTH pa3pabOTUUKOB cHcTeM 0OpabOTKH M 0OMeHa JaHHbIMU. B-TpeTbux,
MaTepuai KHUIKM PacKpbiBaeT acHeKThl CO3AaHWS W MPOrpaMMHUPOBAHUSI CETEBBIX
cucrem cOopa M 06pabOTKM JaHHbIX, HA HHICHEM YPOBHE KOTOPbIX (PyHKUHOHHPY-
€T rnocyieoBaTesbHbI HHTCpheHcC.

Khnura cocrout M3 Luectu rjiaB, KpaTkoe€ OIUCAaHUE Ka)Xa0h M3 HHUX NMPpHBCIACHO
nanee.

O [naea 1. "locaedosametvnsiit unmepgheiic ¢ cucmemax oosend oannvimu”,

Matepuan rnaebl MOCBALLEH 0030py BO3MOSKHOCTEH MPOTOKOSIOB MOC/IE10Ba-
TeJILHOro OOMEeHa JaHHBLIMM KM 00JIaCTCH UX MpUMeHeH s . 31ech NPUBOAATCS H
o0LIMC XapaKTepUCTUKKU Haubonee pacnpocTpaHeHHbIX CTaHAapTOB Mocieno-
BaTeJIbHOrO OOMeHa /1aliHbIMH.

O [haea 2. "Cmanoapmsr u BPOMOKO:6L HOC1CO0GUME. 1611020 unmepgeiica”.

B rnase noapobHO paccMaTpUBalOTCS XapaKTEPUCTHKH TOMYSSPHBIX MPOTO-
konos obmeHa maHHbiMM RS-232 u RS-485, ux anmaparnas peanusauus u
nporpaMMHpoBalve Ha HU3KOM YpOBHE. 3HauuTesbHas 4acTb MaTepuaia no-
CBALUEHA NpPaKTHYECKMM acfeKTamM peanu3allMy annapatHbiX uHTepdeiicos u
MX NpOrpamMMHpPOBAaHUIO Ha MpHMepaX NPOCTbIX CHCTEM MOC/eL0BaTEAbHOM
nepesayu AaHHbIX.

O Tasa 3. "Annapamnas peaiusayus HoC.1e006UMEIbHOCO UltMePPeuca ¢ Ko-
nuIMepHsIX cucmerax”.

34eck paccMOTPEHBI BOMPOCHI alnapaTHol peanusauuu uHrepdeiica RS-232 B
IEPCOHALHBIX KOMIIbIOTepax. Ha MHOrouMcrneHHbIX rpuMepax AeMOoHCTPU-
pYIOTCS METO/bl HPOrpaMMHPOBAHUS CTAHAAPTHLIX aCMHXPOHHBIX MpHEMOolIe-
peAaTYMKOB Ha HU3KOM YPOBHC B onepauroHHbiX cucteMax Windows.



BesedeHue 3

a Thasa 4. "TIpoepariuposanue nociedo6ame:bnoo unmepgeica 6 onepuayu-
onnwsix cucmexax Windows".

B 370l rnase aHaNM3UPYIOTCS OCHOBHbIE ACHEKTbI MPOrpaMMUPOBAHHS 1OCIIE-
noBaTe/IbHOrO OOMEHa AaHHLIMM C MCnonb3oBaHueM (yHKuMii nHTepdeiica
IIPHKAAAHOIO MPOrpamMMHUpOBaHUs onepauuolibix cuctem Windows. 3nauu-
TeSbHAs YacThb MaTepuasa riasbl-MOCBSLICHA IIPOrPaMMHUPOBAHHIO NPUITOIKE-
Huil ¢ rpaduueckum uHTepdeiicom nosavzopatens B Microsoft Visual Stu-
dio .NET u Delphi.

A Taesa 5. "MIpoepayivuposanie nociedosameitniioro unmepdetica ¢ Linux”,

Matepuan 3To# rnasbl MOCBsiLLEH NMPOrpaMMUPOBAHUIO MOC/EI0BATEABHOIO
oOMeHa AaHHbIMHM B OncpauuoHHbix cuctemax Linux. [TpuBoasites MHOroumc-
JICHHBIE MPUMEPBI TPOrpamMMHoro koaa Ha s3sike GNU C.

O [Tasa 6. "Pacuiupenist 6600a-661600d NOC1CA0SAMEALI020 Unmephelica”.

B ruase paccmaTpHBarOTCs COBpEMEHHBIE alnapaTHO-IIPOrPaMAIHbIC TEXHOJO-
I'MH IPOrPaMMUPOBAHHS IIPHIIOKEHHUH UTsi paboThl € NOC/IeA0BATENbIBIMU HH-
Tepheiicamu Ha ocHoBe npeodpaszosauus RS-232 B USB (Universal Serial
Bus). a Takxke MCronb3oBaHUe BUPTYalNbHbIX NOCIEA0BATENbHLIX TOPTOB. 3Ha-
YWTe/IbHas 4YacTh INaBbl NOCBALLEHA pa3paboTKe MPOCTBLIX CHCTEM 00pPadOTKH
JaHHBIX C MCMOjIb30BAHUEM MHTEPHET-TEXHOJIOTHI € JeTajlbHbIM aHaIH30M
NpOrpaMMHOro Koja.

Marepunan KHUrM GyZleT NOJE3eH BCEM HXKEMAIOLLMUM, KOTOPble XOTeau Obl CyliecT-
BEHHO MOMOJIHUTL CBOW 3HAHWSA B 0071aCTH pa3pabOTKH U NMPOrpaMMHUpOBalus CHC-
TeM nepejayuu JaHHBIX Ha OCHOBE MOC/e10BaTe1bHbIX MHTEpdEHCOB.

BbnarogapHocTu

ABTOp BbIpaxkaeT OrpOMHYIO 6arogapHocTb cOTpyHHMKaMm u3aarenbcrsa "bXB-
[TeTepOypr" 3a nMOAroTOBKY MaTepUasloB KHUMM K M3daHuio. Ocobas npusHaTenb-
HocTb keHe IOnuu 3a noHUMaHue M MONIEPIKKY MPH 110ATOTOBKE PYKOMUCH.



mABA 1

NMocnepoBaTtenbHbIN HTEPdenc
B cucremax oomeHa gaHHbIMU

ObmeH JaHHBIMH MEXAY Pa3IM4HbIMH YCTPOHCTBAMH TEIEKOMMYHUKALMOHHBIX U
KOMIIBIOTEPHBIX CHCTEM MPHUHUMMAUANIBHO MOXIIO BLINOJHUTL METOZOM Mapa-
nenLHOW MIIK TocenoBaTebHON nepenayn Becex OMTOB aaHHbIX. [Ipu rocnenosa-
TeSIbHOM nepenaye AaHHblE B KOMMYHUKALMOHHbIH KaHan nepeaatorcst OuT 3a 6u-
TOM, CUHXPOHHO C CHIHajlaMHM TaKTOBOM YacTOTBI, KOTOpas onpernessier CKOpoCTh
obmena nanHbivu. [locnenoBatenbHas nepefada AaHHLIX MCTNIOJIbL3YeTCs MPH 00-
MeHe JIJaHHLIMU MEeXXly YlalleHHbIMH cHcTeMaMH (KOMNLIOTEPHbIMH WK TEIEKOM-
MYHHKAUMOHHBIMH) U obecreuynBaeT HaAeKHYIO Nepelady JaHHBIX Ha 0osibluue
paccTosiHus. [lns nocsienoBaresibHON nepesayun JaHHbIX pa3zpaboTadHbl M O4YeHb
IIMPOKO NpuMeHsitoTes ctanaaptel RS-232, RS-485, SPI, 12C, 1-Wire. koTopsic
MCTIONB3YIOTCS, KaK MpaBuiO, B KOMNBIOTEPHBIX CHCTEMAX OOLUEro Ha3HAUYCHUS.
Ha 6aze npotokosnoB RS-232 u RS-485 pazpaGoranel 1 cnelyanH3npoBaHHbie MH-
Tepgeiickl s oOMeHa JaHHLIMK B MpoMblUINelHbIX ceTsx. Haubosbluee pacnpo-
CTPAaHEHHE B TAKUX CETAX Nostyuun nporokonsl Profibus, Modbus, Fieldbus u jp.

[Ipu cpaBHeHMM cUcTeM MapajliesbHON Iepefaun JaHHbIX, B KOTOPbIX BCE OWTHI
JIaHHBIX MEepeNaloTCsi OAHOBPEMEHHO, C IMOCICUOBATENIBHLIMH CHCTCMaMH MOXET
noKasarbcs, 4TO MapasiiesbHas nepefaya AaHHbIX Beeraa O6yaeT BbinoanaTbes Obl-
crpee. Teopernuecku 3TO BepHO, HO Ha MPAKTUKE He BCe TakK OjAHO3HA4uHO. Bo
MHOTMX CJly4asx Npu OOMCHe JaliHbIMK MEXAY YJNaleHHbIMH CHCTEMAMHU JIMHUK
nocnenoBaresbHOM nepenavud JaHHbIX CHHXPOHHM3MPYIOTCS Ha Oofiee BLICOKOI
YacToTe, YeM 3TO JieJlaeTcsl B CHCTeMax MapauleNbHOW nepenadd HaHibIX, 4To
obecneunBaeT u 60Jiee BLICOKYIO CKOPOCTb NepeaayH.

npeI/IMyUleCTBOM CHUCTEM MOCenoBaTebHON nepenavn AaHHbiX no CpaBHEHHIO €
CUCTEMaMH napannenbnoﬁ nepenayu siBAfETCA TO, YTO B HHUX MCMOJIL3YETCA HaA-
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HBIX cucTeM (datte Bcero Windows). B KOTOPLIX NPesyCMOTPEH CNEeHHaIbHDI
nporpaMmHbli HHTepdenc ans padoTsl ¢ daiinamu U nepuepriHBLINKY YCTPOICT-
BAMH, 3HAUMTENLHO YNpOLWAOUIMi paboTy ¢ Nociie0BaTEbHbIM HOPTOA HA (1PO-
rpammuiom yposue. Hanpuvep, B onepauuotinibix cuctemax Windows amst padors
C 110CJIElOBATCIIbHBIM TOPTOM MOXHO HCIONIBb30BATh (DYHKLUMH NPUKIIAIONO MH-
Tepdetica nporpammupoBanus WIN AP (Windows Application Programming In-
terface).

[Mepenaua aannbix 1o uhrepdeiicy RS-232 ocyuiecrasercs noGaiToBo. rpuucsm
Hauan0 U KoHel lepesayd CHHXPOHWU3UPYIOTCS CTAPTOBBIM W CTOTIOBBLIN OHTAMM.
Cas npouecc nepefauu JaHHBIX MOXCHO KOHTPOIMPOBRATHL KAK IPOFPANMUBINH.
TaK M aniapaTHbIMHU CPeACTBaAMU (3TO 3aBHCUT OT Kondurypaimu cucremot). Jlau-
HbIE MCHY YCTPOMCTBAMH MOTFYT NEPEAaBaThCs KaK B OAHOM (ROIYOYIICKCHLIIL
pedcun), Tak M B 000UX Hanpasieusx (Oynitexcusiil pesciar). Gusnucckast annus
noacoeauusercss Kk untepdeircy RS-232  nocpencrsom  cranaaptioro  25-
KOHTaKTHOro pashbeMa DB25 (B Hactosice BpeMs MCMOABL3YCTCS PCAKO) HAM 9-
KOHTaKTHOro pa3sbema DBY.

Hutepgeiic RS-232 mokeT cocamusiTe TOILKO [BA YCTPOHCTBA (KOHUHIYpalHs
"rouka-rouka"), Apu DITOM AHIWS [EPCAAUYN OO0 YCTPOHCTBA COCAMHACTCS €
AUNKEH NpUeMa APyroro H Hao00POT. DTa KOH(PUIYpaltHsi MCHONL3YCTCS 1IPH 11051
HoayrickcHoM pexkume. TIpu padote B HOMYAYILICKCHOM PEXHME 11EPCAAONLAs
JMHUS O/IIOT0 YCTPOMCTBA COCAMMHSIETCS ¢ NPUEMHON aunKeld apyroro. Pasutnie
CHUrHaibl KBUTHPOBallUs (ITOATBCPACACIIMA) MOIYT I'eHCPHPOBATLCS KAK anrapar-
HBIMK CpelcTBaMM (3a CHET WCHOBL30BAIIUS AONOIIHUTENLHBLIX JIMHHHA yIIpaBic-
HUsl), TaK W NPOFPaMMHbIM CilI0COOO0M (HANpHUMEp, BKAIOUCHHEM B MOTOK Epe.ia-
BACMbIX AaHHbIX COOTBETCTBYIONIMX YTIPABJISAIOHIHX CHUMBOJIOB).

BoT ocHoBHbie XapakTepucTHKH unTepdeica RS-232:
3 ckopocTb nepenaun — a0 115 Kéur/c;
O paccrosHue nepeaaur — o 15 M:

O TN curHana — lICCMM.\ICTpVI'-IHbIFI NO HANPAYKCHHUIO, OaUH NCpClaTHiiK H O/ 1HH
NPUEMIHK!

3 Ttun COCAHHICHHUA — MOAHBLIH AYIUICKC, OAHOTOMUMEHHOEC COCIUIICHHCE.

[TonbITKKH YBCIHUMTL PacCTOAIIMC, HA KOTOPOE MOIYT HEPC/ABATLCA [AAHNbIE, H
CKOpOCTb Mepeiaud AaHibIX 1IPUBEIW K Moiephu3aumu uHTepdeiica RS-232.
B pesynvrare nossuacs unrepdeiic RS-423. koropoli alor odccneunBaTh BLICOKO-
CKopocTiyio nepeaayy Aannblx (10 10 Mout/c) na paccrosuue ;10 1200 m B ne-
CUMMCTPHUION KOH(UrYpalLK, a Takke cTaBlIMi Handonee NONynApHbLIM B 11PO-



MBILUEHHBIX cUcTeMax HHTepdeic RS-485, kotopslii obecneunBaer repeiaty
cuamerpuiroro (anddeperiumainbHoro) curHana.

Unrepdeiic RS-485 peanusyer asyuanpasiennyio nojyayr;iaeKCHYIO nepeiayy
JIaHHBIX W IOMYCKaeT OAHOBPCMCHIIOE MOAKIoYeHHe 32 npremMHrKoB k wuiic. Ha
baze uHTepdeitca RS-485 co3nanbi H 11051yUHIU ILHPOKOE pacpocTpaleHte NHO-
rue mposMblLieHiibie cTaaapThl oOMeHa gaHibiMH, npy 3Ton RS-485 obdecncun-
BAET KaHaNbHbIA ypoBeHb (€CIIM paccMaTpUBaTh TMPOMBIIUICHHbBIE LWHHLI B BWIAC
CTCKa MPOTOKO.I0B).

PaccMoTpUM OCHOBHbIE TEXHHUYCCKHE XapakTepucTHRH HiTepdeiica RS-485 Gosnce
noapodHo. Ou sBnseTcss Haubolee LUMPOKO HCIOAb3YEMbIM MPOMbBILLLEICHHLIM
CTaHAAPTOM, MCTIONB3YIOLMNM ABYHANPABAEHHYIO cOanaHCHPOBaliHYyIO JIMINIO ne-
peaaun. TlpoTokos moAAEpXNUBAET MIIOrOTOUEUHbIE COCAMHEHUS, obecieunBas
co3llaHue ceTeil ¢ KOJHUCCTBOM Y3I0B A0 32 u nepeaauy JaHHbLIX HA PacCTOsHME
A0 1200 M. Mcnonb3osainne Oyepubix yeunurenei curuana B mnrepdeiice RS-485
Mo3BOJSIET YBCAUUYHUTL paccTosHue nepenaud eule Ha 1200 M nnu podasuts ete 32
y3na. Cranaapr RS-485 nosepxuBaeT nomyaynaekcHblii pexkus odMenia 1aHHbl-
MU, TIPY 3TOM NS Mepeaayud W npydcMa JaHibiX J0CTaTOYHO OAHOHM BHMTOW napbl
NPOBO/IHHUKOB.

Hurep@eiic RS-485 umeer crieayrolune XxapaKTCpUCTHRH:
CKOpocTb neperauu — Jio 10 Mowut/c;

paccTosiHue nepesadun — 1o 1200 m;

THN cUrHaia — auddepentiaiibHoe Hanpshkelue;

THII JIMHUM 11EPEaUn — BUTas 1apa, 110 32 NepeJaTumKoB U 10 32 IPUEMHHKOB:

Q0 aaa

THIT COEIMHCHHSA — MOJIYAYTUICKC, MHOTOTOY€HHOEC COCANHEHHUE.

Ha ocHose nporokosioB RS-232, RS-422 u RS-485 paspaboTakibl NpaKTHYCCKH BCe
NOMyJSIPHbIC MPOMbILLIENHbIE CTAHAAPTLI. PACCMOTPUM HEKOTOPBIC M3 HUX H 11ay-
em ¢ nporokona Modbus. DTOT KOMMYIHHKALMOHHBIH 11POTOKON DazMpyercs Ha
apXUTeKType KIIMeHT-cepaep M Obin paspabotan upmoit Modicon aas wcnoneso-
BaHUS B KOHTPOJUIEPAX C MPOI'PAMMHUPYEMON NOrHKOH. SIBasiercs (pakTHUCCKUAM
CTaHAAPTOM UlS NPOMBIILIEHHBIX CCTEH nepeaauH JaHHbIX W WHPOKO MpUMEHseT-
Csl 11 OpraHU3aluM CBA3M MPOMbILLICHHOrO 3MCKTPOHHOrO 000pyA0BaHHS.

Jns nepemauu NaHHBIX B TAKOM MPOTOKOME MCMOSL3YIOTCS [0CIEA0BATENbHbIC
AMHKM cBa3M Ha Oase nurepdeiico RS-485, RS-422, RS-232, a Takike npoTokosibl
cereBoro oomena TCP/IP (Transmission Control Protocol/Internet Protocol). An-
napatHo nporokon Modbus peann3oBan B BUaE nociieaoBarebHoro uirepdeiica.
COBMECTHMOFO € NMpOTOKOIOM RS-232, KOTOpbIA MHTErpupoBan B cTailapTiibic
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Modbus-noptst B konTposiepax Modicon. CaMu KOHTPOSUIEPbE MOYKHO COCAMHATE
Mex1y cOOOW HAMpAMYIO WM NOCpeACTBOM MoaemoB. OOMeH JaHHbIMHU MeXly
KOHTPOJUIEPAMH MPOUCXOAHT NO cxeme "Beayluuii-senombii”. Tonbko oaHo ycr1-
poHCTBO (Beiyluui) MOXET MHHLUMHUPOBaTL OOMeH JaHHbIMH, B TO BPCMs KaK OC-
TajbHble YCTPOMCTBA (BEJOMbIE) MEPEAalOT BEAYLUEMY OAHHbIC WM BbINOAHSIOT
yKa3aHHbIE B 3aNpoce BejlylLero JeicTBHs.

Kak npasuno, Benylunii peain3oBaH annapaTio Kak XOCT-MpoLeccop ¢ Habopom
MOIyJ1eHd MporpaMMMpOBaHHs, a BeAOMbIH npeacTaBiseT coOol rporpamMmipye-
Mblii KOHTpoJuiep. Benyumit MosxeT obpalarbCs K OTACALHOMY YCTPONUCTBY HIIH
MHHULIMHPOBaTb LUMPOKOBeELaTeNb bl 3anpoc no wivHe Modbus. Bepombiii, obHa-
PY’MB B 3arojlIOBKE 3anpoca CBOH ajpec, OTBEYAET BelyLUEMY, MOC/e Uero Hauu-
HaeTcst oOMeH JaHHbIMM. [1pu LIMpOKOBELATENBLHOM 3arpoce OTBETHI BeaylleMy
He Bo3BpawlatoTcs. [l nepenauu gaHusix no nportokony Modbus ucnosib3yercs
eiMHbli npocToit popmat nepenaun jdanHbix PDU, koTopblit sBisieTcs 4acTbio 60-
Aee WHpOKoit cneumdukaurdn ADU.

[Inna Modbus MoxeT paboTaTb B O/IHOM M3 TPEX PeXXKHUMOB!

O pexum RTU, koTopsiit ucnonb3yercs s feperadd JaHHbIX M0 [10c/ie10Ba-
TesbHbIM IHHUAM CBA3H ¢ untepdeiicamu RS-485, RS-422 u RS-232;

O pexum ASCII, B koTOpoM Takxke UCNob3ylOTCs uHTepdeiicht RS-485, RS-422
v RS-232;

O pekum ceTeBoM nepemau, B KOTOpom ucnonssyercs nporokon TCP.

Ha wune Modbus, B koTopol HCMoONL3ylOTCS CHrHaIbHbIE AMHUH HHTepdeicon
RS-232 u RS-485, moxHo anpecoBats 247 BeJOMbIX YCTPOHCTB.

Ewe oguum npotokonom o6MeHa JaHHBLIMH, O KOTOPOM XOTEJOCh Obl YNOMSIHYTS,
sasercst npotokon Profibus, B KOTOpOM WIMPOKO MCMONL3YIOTCS MoOcaeL0BaTe N b-
Hble nuTepdericol RS-485 (Bepcus FMS). Profibus odveavHseT TexHonornueckue
M QYHKLUMOHaIbHbIE 0COOEHHOCTH I0Ce/10BaTesIbHOM CBSi3HM nosesoro yposis. O
no3BoJiseT 0O beAUHATL Pa3PO3HEHHBIE YCTPOICTBA aBTOMATH3aLUMK B €1HHYIO CHC-
TeMy Ha ypoBHe 1aTYUKOB W MPHUBOJOB.

Profibus ucnons3yer oOMeH JaHHBIMM MEXIY BelyLMM W BEIOMbIMH YCTPOMCT-
BaMu (npotokonst DP u PA) unu Mexxay HeCKONIbKMMH BEAYIIIMMU YCTPOHUCTBAMHU
(npotokonsl FDL u FMS). TpeboBanus nonb3oparteneil K nojy4eHuto OTKPLITOH,
HE3aBUCHMOH OT MPOM3BOAMTEIS, CUCTENb! CBSI3H 6a3UpyeTCcsi Ha UCMONb30BaHUU
CTaHJApTHbIX NpoTokooB Profibus.
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[Mporokon Profibus-I'MS pa3zpadotan [uist CBSI3U BEAYUIMX YCTPOHCTB (KOHTPOILIE-
pos u TIK) apyr ¢ apyrom. 2ToT npoToKos UCMOMb3YETCs Tam, Ie crencib GyHk-
LHOHAJILIIOCTH D0Jice BaXKHA. YeM OLICTPOE BPEMS PCAKLIHH CHCTEMbL. M NPUMEHSI-
eTcs Ha BbLICOKOM yposhe. Jlunus nepcaaud  vHQPOPMALMONIBLIX  CHUTHAIOR
coorBereTByeT cran/iapty RS-485.

Iporoko:t Profibus-DP cnpoexkTipoBaH Ans BBICOKOCKOPOCTHOMN MCpe/lavum fai-
HBIX MEKIY BEAYLIMM (KOHTPOJIICP) M OKOHEHHBIMHM YCTPOHCTBAMHM (JTaTUUKH.
NCpBHUHbBIC 11PeOOPa3OBATCAH) CETH W NPUNCHSCTCS Ha HUKHCAM YPOBHC CHCTCMb
npoMbiLLsIeHHoN aBToMaTH3auMK. [lepenaua AaanubIx, Kak W 41 Profibus-IFMS.
ocHoBaHa Ha 11ipoTokosne RS-485. CkopocTh licpefayuu npsiMo 3aBHCHT OT HPOTS-
JKEHHOCTH CCrMEHTa CCTH M MOXeT H3MeHsTbest oT 100 Kéut/c a1t paccrosims
1200 M po 12 Mowut/c aasi paccrostiivs 100 m.

CyLuecTBYIOT M ApYrHe NONYJISPHBIC MPOTOKO bl OOMCHA AalHBIMU C HCMONBL30BA-
HHEeM Mocjc10BaTelibHbIX HHTep(eicoB, HO nanee Mbl OyAeM paccMaTpHBaTh
TOJIbKO TC. O KOTOPBIX TOJILKO UTO YNOMSHYJIM U KOTOPbIC Da3HpYIOTCs HA HHTCP-
(peficax RS-232 u RS-485.
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CtaHpapTbl M NPOTOKONbI
nocnegoBaTtenbHOro nHTepdeica

O6MeH JaHHBIMM MO TOCNEAOBATENIbHBIM KallalaM CBSI3H perjlaMeHTHPYETCs He-
CKOJIbLKMMM CTaHAapramu (MpoTokonamu, MHTepdencamu), onpeacasioinmy ai-
napaTHO-NPOrpaMMHYIO apXHTEKTYPY CHUCTEM [10Cea0BaTebHOM nepejlavu aaH-
HbIX. OCHOBHBIM TPOTOKOMOM MOCJIE0BATCALHOTO O0OMeHa [aHHbIMH siBIISETCS
RS-232. B cooTBeTcTBUM C 3TUM NPOTOKONAOM (PYHKUHOHHPYET MHOXKECTBO KOM-
MYHHWKALIMOHHBIX YCTPOHCTB, BKJIIOYAs MOCNCAOBATEIbHbIE, WIIH, MO-APYrOAY, ce-
pyanbHbie nopTel (serial ports) kOMNbIOTEPHBIX cucTeM. B nonasnstouem 60b-
IWIMHCTBE cllydaeB Ans (uU3MYecKoHW CBS3M YCTPONCTB, paboTaloliMX 110 3TOMY
CTaHJapTy, UCMOAb3YIOTC 9-KOHTAKTHbIE pa3beMbl, XOT# MHOFAa MOKIO BCTpC-
TUTL U 25-koHTakTHbie. Tlepenaua-npuem ganubix no RS-232 ocyuiectnascrces
nocnenosaTenbHo, OUT 3a OUTOM, OTKyAa, COOCTBEHHO, ¥ NMPOM30LIIO Ha3BaHHUC
"nocaenoBaTenbHbd Nopt”.

[Mocnenosarenbibiii MOPT — O1MH U3 Haubonee paHHHUX HHTepdelicos, paspado-
TaHHbBIX U1 UCNonb3oBaHus obmella naHHbiMU. [lociegoBaTenbHble NOPThl KOM-
MbIOTEPHBIX CHCTEM OOBIYHO HW3BecTHbl noa Ha3BaHuem COM-noproB. OOMcH
NauHbIMHM Yepe3 MOCJIeOBaTebHbIC MOPThI OCYLIECTBISETCS € HCMOAb30BaliMeM
CreLHaibHbIX YKNOB, U3BccTHbIX noa HazeaHuem UART (Untversal Asynchronous
Receiver/Transmitter). CkopocTs 0OMeHa JaHHBIMH M0 NOCTIE10BATEILHOMY TOPTY
mokeT gocturath 115 Kout/c (unu vnaue B anrnubickom Bapuante kbps), xors
nocnejtive pa3paboTKH NO3BOMSIOT YBEUUUTD 3Ty ckopocTs ;10 460 Kbur/c.

B Hacrosiuee Bpems nocieaoBaTC/bHbie MOPTbl UCMOABL3YIOTCA, B OCHOBHOM. AJIs
NOAKIIIOUYEHHS MOJIEMOB M CHELHabHbIX TePMHHAIBHLIX YCTpoicTB. [loBOAbLHO
4acTO OHW MPUMCHSIOTCS U1 HACTPOHKH M OTJIAJKH pa3fiMuHOro obopysosarius.
Bosiee HOBbIE CkOpOCTHBLIE TEXHOIOMMH, Takue, Haripumep, kak USB u Fircware, ¢
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KaKabiM /1HeEM Bce 60Jibllie OrpaHHYHUBAIOT MpUMElieHHe NOCAEHA0BATENbHBIX HH-
Tepdeiicos. Tem He MeHee. MOCIeIOBATeNbHbIC MOPTHI BCE €lle LWHPOKO MCNOib-
3YHOTCS KaK B YiKe BbIIYLIEHHOM 000pY10BaHHH, TaK H B pa3padaTbiBaEMOM.

IMocmoTpum, Kakum 06pa3om ocyllecTBiIsSeTCS OOMEH AaHHbIMU 4epe3 nocsie108a-
TesbHble NOpThl. [IpUHUMNMANBHO BO3MOXHBI ABa crnocoda obdMmeHa AaHHbIMU:
CHHXPOHHBIH W aCHHXPOHHBII.

[lpu cunxponnom pexume nepegayuud 1aHHbIX W 11EPEATUHK, U NPUEMHHUK AOSDKHBbI
padoTaTh Ha oaMHaKOBOI yacToTe. B Hauane o6meHa nepeaaTuuk Mockulact Npu-
eMHUKY M0C/ea0BaTeNbHOCTh CHHXPOOWT, 32 KOTOPOH CACAYIOT MOCBLUIKH OMT.
[lpu cuHxpoHHOM oOMeHe npueM-Tiepeaaya JaHHLIX MOXET OCYLUECTBIAATLCS 1a
3HAYMTENBHO OoJiee BBLICOKMX CKOPOCTSX, YeM MpH acHHXpOHIOM OOmeHe, no-
CKOJIbKY He HY)KHO TepenaBaTh cTapT-OuT, cTon-6ut, OWT naputera npu nepeaayc
ojHoro 6aiita. Henocratkosm CMHXPOHHOFO OOMEHa SIBJISETCS TO, YWTO W repenar-
YUK, U MPUEMHUK JO/DKHbI 0651a1aTh BBICOKOH CTaOMNBHOCTBIO YACTOTbI, MOCKOJb-
Ky Jake HeOONbLIOE PacCOrylacoBaHUE B YAaCTOTaX MPUBEAET K MOABICHHIO ObICTPO
HakarjuBaiouencs oWnoKH.

[pu acunxponnoii nepenade kKaxaomy 6aiTy JaHHBIX NPeaWECTBYET Cmupm-oun,
3a HUM C/1efyloT OUTbI JaHHBIX, M0CAe HUX MOXKCT NepeaasaTbes dum napumemad
(ueTHOCTH). M B 3aBeplICHHE MOCBHIAKM JAHHBIX MCPEAAeTcsi cmon-oun, rapairi-
pYIOUIMI OnpefieIeHHYIO BbIICPAKKY BPEMEGHH MEXKIY COCEAHHUMH MOCBLIKAMM.
CTpyKTypy NMOCBLINKM MOXXHO MPEACTaBUTb TaK. Kak rokasaHo Ha puc. 2.1.

N\ _J
Y
CrapTtoBbii 6uT BuTbl aanHbIX Bur CronoBbivi 6UT
YETHOCTU

Puc. 2.1. CTpyKkTypa nocbinku AaHHbIX

dopMar aaHHbIX NOC/1e10BATEILHOTO 110pTa OObIYHO MPEACTaBNSIOT B (POPMC 3AMUCH:

KOJ'[I/I‘-XeCTBO_6VI‘1‘_,E[aHHb!X—TI/I!'I_‘-XGTHOCTI/I-KOHVI'—JQCTBO_CTOHOBHX_GMT

Hanpumep, 3anuch 8-N-1 uuTepipeTupyercs Kak nocbuika JaHHbIX, coaepkatuas
8 6uT naHHbIX, 6€3 KOHTPOJIS YUETHOCTH W C OAHHUM CTOMOBLIM OUTOM.

3anuck 7-E-2 uHTepnpeTHpyeTcs Kak Mocblika, coaepxkaulas 7 OWT JaHHbIX. C
KOHTPO:IEM YETHOCTH U C ABYMS CTOMOBLIMHU OUTAMH.






Hnrepderic RS-232 ucnonb3yer HECKONMBLKO CHIHANBLHBIX JIMHUH, HO J1si MITHOCT-
pauuu rfepefadu-npyueMa JaHHbIX Mbl IOCMOTPUM TO, YTO MPOUCXOMMT Ha JIIOOOMH
u3 nuHuii TD unu RD. [lns 3toro npoananusvpyem npouecc rnepeaaydd-npuema
Daiira AaHHbIX, KOTOPBIH B YMPOLLEHHOM BHUAE MOXHO MPEACTABUTH Tak, KaK NoKa-
3aHO Ha puc. 2.2.

Mnaawwi 6ut C (0x43) Crapwun 6ur
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- / \ \
5 Cronosble 6uThl
=
-25 B s

But yetHocTH

CrapTosbii 6UT /

MMNynbCbi CUHXPOHM3ALUU

Puc. 2.2. Nepepadya 6aiita naHHbIX

Ha pucynke nmemonctpupyercs nepesada chmBona C B aCHMHXpPOHHOM peKHUME:
7 6UT maHHBIX, OMT YETHOCTH M ABa cTonoBbiX Oura. [Tpu s3TOoM Kaxaomy Oaiity
JlaHHbIX TpEALIEeCTBYET CTAPTOBbIM OMUT, 32 KOTOPLIM CNEAYHOT OWTHI NaHHBIX (B
JlaHHOM cnyuae 7 6ut, npenacrasnstowux cumeon C). lepBbim nepenaetcs mnan-
Wit GUT, Noc/ieAHUM — CTapLIKH.

ITocne nepenauu 6UTOB AaHHBIX nepenaeTcs OMT YeTHOCTH (B AAHHOM ciy4ae
paBHbiii 0), U 3aBeplualoT nepenavy OaiTa naHHbIX ABa CTOMOBLIX OMTa. rapat-
THPYIOUIMX ONPENENEHHYIO BbIJACPXKKY BPEMEHH MEXAY COCEAHHUMH MOCLUIKAMH.



O6paTure BHUMaHHE HA TO, HTO JIOTMYECKHE YPOBHH CHIHANOB HHBEPCHBIE 110
OTHOLIEHHIO K TOJIAPHOCTH HAlPAYKEHHSA CUTHAIOB. T. €. OTpUUATENbHbBIM Nepe-
najaM HarpsyKCHUS COOTBCTCTBYCT jloruueckas "1", a rososkUTE1bHbIM — J10-
ruycckui "0".

CrapToBblit OUT cricltyiouiei MOCbUIKM MOXET NepeaaBarbcst B JIHOOOH MOMEHT
BPEMEHH 110CJIe OKOHYAaHHA CTOMOBOro OMTa npeablayiieH NOCbUIKHU, MOITOMY Me-
MY JABYMS MOC/eA0BaTENbHBIMH 1I0CBUIKAMH JIAHHBIX MOTYT ObITh Nay3bl NPOU3-
BO:1bHOM JUTMTENIbHOCTH.

CuHXpoHU3aLMs npHemMiHKa OCYLIECTBSETCS C MOMOLLbIO cTapToBOro OMTa nepe-
JaTHMKa — [P 3TOM NMPUEMHHK M NepelaTuMK JOMKHbI paboTaTh Ha OMHOMI U TOM
ke TakToBOH uactote (cM. puc. 2.2). Mo cnauny craproBoro 6ura nepeaaTyvka re-
HepaTop CHMHXPOUMITY/ILCOB MpHemMiuka cOpacbiBaeTcss M HauMHaeT (JOpMHPOBATH
MMITYJIbCbl CHHXPOHHW3aLMK, KOTOPBIC Yepe3 NPorpaMMHUpyeMbli J1GJIUTENb YacTo-
Tbl H CXEMbl CHHXPOHU3AUHUH YIIPaBASIOT NPUEMOM JaHHBIX.

AnnapaTHo npuem M nepejada jaaHubix uepes uHtepderic RS-232 odviuHo peanu-
3YHOTCS B MHOrO(hY HKLLHOHAIBHOM KOHTPOJINIEPE, KOTOPbIH COKPAIIEHHO HA3bIBAIOT
UART. D10 obuice 11a3zBanye 115 NaHHOTO TUMA YMMOB, XOTst BLINMYCKAETCS OYEHb
MHOro pazHoBHAHOCTEH 3TOro ycrtpoiicTsa. Hanbosnee pacnpocrpaHCHHbIMH KOH-
TposificpaMy npueMa-rfepealiu no focjaefoBaTeNbLHOMY TOPTY ABISIOTCS YCTPOH-
cTBa. COBMECTUMbIC ¢ cepueit 8250, koTopas BKIOYACT creaytotue uunbi: 16450,
16550, 16650, 16750.

Jlnsi 6c30WMb0UHOro MpHeMa Kax/ablii OUT aHHbIX J0JDKCH 3aXBaTbIBATbCS B ce-
pelrHe WHTepBajla BpeMEHH, KOria OH ABseTCs JAeHCTBUTENLHBLIM (CM. puc. 2.2).
C BO3pacTaHHeM CKOpPOCTH repeaayuyl CHHXPOHHU3aLUMs [lepeaaTyuka M [IpUeEMHHKa
YCJIOXHSIETCSl — HAUYHHAIOT CKa3bIBAaTbCS 11aPAa3UTHBIC EMKOCTH 3EKTPOHHbIX Yy3-
J10B, 3aTsAruBaiolive (poHTb CHHXPOUMMYJILCOB, @ TAKXKE pacripeaesieHHas UHAYK-
THBHOCTb (PU3MUECKOM TUHUU nepeayH.

Ha npaktuke unrepdeiic RS-232 peanuzosal B BH/le CHTHAJIbHBIX JIMHUHA, HMEIO-
WHX caeayiollee HasHavyeHHe:

O SG (Signal Ground) — curnanbHas 3emis (OTHOCHUTENIbHO HEE OTCUHTBLIBAIOT-
CSl YPOBHH CUTHANOB);

3 TD (Transmit Data) — Beixon nepeaatunka (TXD);

a

RD (Receive Data) — Bxoa npuemuuka (RXD);

O RTS (Request-To-Send) — 3anpoc odMeHa JalnbIMH, KOTOPbIH BbICTABIAETCA
Kourpo:sneponm nociegosarenstoro nopra (UART):
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CTS (Clear-To-Send) — yka3biBaeT Ha FOTOBHOCTb MOJCMa WIIM TepMHHAb-
HOFO yCTpoHCTBa K 0OMEHY NaHHbIMM;

DTR (Data Terminal Ready) — yka3biBaeT MOAeMY HAM APYTrOMY yCTPOHCTBY,
uTo KoHTponjep nocienoBatenabHoro nopra (UART) rotos ycraHoBHTb co-
ejutenue;

DSR (Data Set Ready) — ykasviBaer konTposiiepy (UART) nocneposaress-
HOro nopTa Ha To, 4To nepHdepHUiiHoe YCTPOIHCTBO MOTOBO YCTAHOBHTL COC/IH-
Helue;

DCD (Data Carricr Detect) — BXOAHOH cHrHajl OT YAafleHHOTO MOjemMa I

ycrpotictea. Kora Monem unu npyroe ycTpoHcTBo 0OHapy>KMBaeT MosiBiieHHe
HecylLUeH Ha ApYroM KOHLE JUHHH, TO JIMHUS CTAHOBUTCS aKTUBHOM;

RI (Ring Indicator) — Bxoa MHAKHKATOpa BbI30BA.

Curnansl RD v TD, onpenensiowue npueM-nepenadyy AaHHbBIX, Mbl paccMOTpenu
Ha npuMmepe nepelavd-ripueMa 6aita naHHeix. OOpaTHTe BHHMaHHE Ha TO, YTO
JIMHHUK JAHHBIX SBNSIOTCS NOC/EA0BaTENbHBIMH, B TO BPEMs KaK CHrHaJIbHbIC JH-
Huu RTS, CTS, DCD, DSR, DTR, RTS u Rl sBnstorcs, no cytu, napanienbHbIMH.

Jns coenuHeHus ycTpoicTs, paboTaloWMX C WCMNOAB30BAaHMEM JIaHHOIO HHTEp-
¢elica, npUmMeHseTCs, KaK yke YNOMHHANIOCh, 9-KOHTaKTHbIH pa3beM, BbIBOIIbI KO-
TOPOro COOTBETCTBYIOT CUrHaAaM, yka3aHHbIM B Tabm. 2.1.

Tabnuya 2.1. CueHans! u 86180061 UHmMepghelica RS-232
0ns 9-KOHMaKkmMHo20 pasbema

Homep BbiBOAA CurHan Homep BbiBOAa Curnan
Ha pazbeme Ha pazbeme
3 ™ 5 ' SG
2 RD 1 DCD
7 RTS 4 DTR
8 CTS 9 RI
6 DSR

OT1u xe curnansl npucyTerBytoT U Ha COM-nopTy KoMMbIOTEpa, K KOTOPOMY MO~
COeMHEHO KaKoe-MO0 YCTPOHCTBO, HANpUMep, MOAEM.






MpUEM A0 OKOHYAHHUsi 0OpaGOTKH NMpeablayLLei NOpUMHU AaHHbIX, CUFHAIU3UPYS
00 3TOM nepenaTuuKy.

9-KOHTaKTHbIN pasbem

3 TD

> R
5 SG

4 DTR —
6 DSR —]
1 DCD ——
7

8

RTS
CTS :l

Puc. 2.4. Cxema nHTepdelica obpartHom CBA3N

l.l)'lﬂ ynpaBJieHHd MOTOKOM AaHHbIX HCMOJIb3YHOTCA aﬂﬂapaTHblﬁ HJIK nporpamm-
HbIH NPOTOKOJIbIL. PaCCMOTpHM HEKOTOPLIE, Haubosee yacTo HCMOJIb3YEMbBIC 1IPO-
TOKOJIbl YNIPpaBJIEHHUA 0O6MEHOM JAaHHbIMH!

o

annapatHbiii npotokoa RTS/CTS — ucnone3yercs ais coefntetivs NpuHTEpa
C KOMMBIOTEPHON CHUCTEMON WIIM 115 COCAUHEHHUS KOMMbIOTEPOB, IIPH ITOM
HY 1b-MOAAEMHbIH Kabeslb UCIOJIb30BaTh HEMb3s;

annapatHblii nporokon DTR/DSR — auanornyed RTS/CTS. Ho ucnoassyer
Apyrue CUrHabl;

nporpammubiii npotokon XON/XOFF — ucnonedyercs B AByHanpaB/i€HHbIX
kaHanax obmeHa npu OydepusoBaHHOM obmeHe AaHHbIMU. [lpu nonHom 3a-
nonuenyy 6ydepa npueMHUKa nepenayva AaHHBLIX MPEKpaLlaeTcs U ee Bo300-
HOBJIEHHE BO3MOXKHO Mocsie o6paboTku aaHHbIX B Oydepe npuemnuka. [pu-
€MHUK OCTaHaBJMBaeT [Mepeavyy JaHHbIX MepeAaTUUKOM, MocbUlas ey
KOMaH[ly XOFF, 1 BO3OOHOBJISET €€ MOCLIIKOH KOMaHAbl XON;

nporpamMmublii npotokon ACK — cuHXpoHM3alMs nosyueHus oaHoro Oaiita
AaHHBIX WIM rpymnnbi 6aiToB. [IpHeMHHK NOCbUIAaeT MepeaaTyuKy KOMaHIly
ACK, B OTBET Ha KOTOPYIO MepeaTymK MochlUlaeT NPUeMHUKY OalT (MU nakeT
baiiTos).

PaccyoTpum npumMepsbl annapaTHO-NPOrpaMMHON peanu3auuy npotokona RS-232

B KOMIMbIOTEPHBIX CUCTEMAX obMeHa JaHHbIMH.



2.2. Npumepbl annapaTHO-NPOrpamMMHOMN
peanu3sauuu npotokona RS-232

K nacrosuicmy BpemeHH pa3padOTaHO W HUCIOAb3YETCS MHOMKECTBO Pa3iHUHbBIX
annapaTHo-fporpaMMHbIX koHQurypauui natepdeiica RS-232. Pacecmotpum tiaun-
donec pacnpocTpaHeHHble W3 uuX. [lepsast 3a1aua, KOTOPYIO NPUXOAMTCS peliarth
pa3paboTuMkam uHTepderica — corjlacoBaHWe YPOBIICH HaNpPsKCHUS JIOPTHUCCKUX
CUrHanoB. YpoBetib HanpskeHus Jorudeckor "1" no crneundpukanuy nporokona
RS-232 nomkeH HaxoauThes B 1peieaax oT —3 10 —25 B, a yposeHb 10ruyeckoro
"0" — B auManaszoHe oT +3 a0 +25 B, npu 3TOM ypoBHM HaNpsHKEHUH B AUana3oHe
or =3 no +3 B seasnorcs nconpeneyieHHbiMA. BryTpenHue undpoBbic cXeMmbl
OOJILILMHCTBA YCTPOHCTB padoTaloT ¢ ypoBHAMH Hanpsbkenuii ot 1.8 no 5 B. no-
3TOMY Ui repefayu curiasior uHrepdeitica RS-232 B auuuio 11e06X0aMMO uUc-
Nonb30BaTh AUO0 OTACIILHLIN. OO UHTCIPUPOBAHHBIA B YCTPOHCTBO 11peodpaso-
Bareab  YpOBHs  curhasjioB.  Hampumep,  MHKpocxema  acHHXPOHHOro
npuesmonepenarurka (UART) nepconanbhoro komnpiotepa padoTaeT ¢ yPOBHSINMU
curianos, coorsercrBytominx TTL-noruke, uro tpebyer Hcnons3oBaHus Oydep-
HOI'0 NpHeMonepeaaTu1Ka.

Haubonbluee pacrnipoctpatctive B annaparHbiX uHtepgeiicax RS-232 monyuusn
Oveptiblit npueMonepeaaTyMk curuanos uutepderica MAX232. 3ta Mukpocxema
Obula pa3padoraHa OTHOCHTC/IBHO AaBHO, HO B HACTOSILLEC BPCMS BCE €lIIE OYEHb
LIMPOKO MCIOjb3yeTcs npu paspadoTke vHTepdeiica RS-232 u cuuraercs npo-
MBILIJIEHHBIM  CTAH/IAPTOM  [UIS  MOA0OHOrO THnma YC1poHcTB. MuKpocxema
MAX232 no3BonsieT cBs3aTh paziuyHble YCTPONCTBA 110 MOCAEI0BATCIBHOMY Ka-
Hany (puc. 2.5).

34cch NPOAEMOHCTPUpPOBaHa OpraHM3aliMa KaHalla CBSI3M MEKAY NOCAeNoBaTeb-
HBLIM MOPTOM MEPCOHAIBHOrO KOMMBIOTEPa M BHCLUHMM YCTpPOHCTBOM Ha Oase
MUKPOKOHTpOJJiepa/MUKponpolieccopa npu nomoiud MAX232.

Kpucrtani MAX232 BkitoyaeT BHYTpEIHHN YIBOMTENb-UHBEPTOP HAMNPAAKEHHS Ha
nepekIoyaeMblX KOHACHCATOpaxX ¢ MOAKAaUKOH 3apsifa (OHM MOAKIHAIOTCS K Bbi-
Boaam Cl+, Cl—, C2+ u C2-). D70 nozsonser nonyunts +10 B u —10 B u3 oanoro
MCTOYHUKA nUTaHus +5 B. Curnaisl ¢ yposusmu £10 B ucnons3yrores mits odme-
Ha JaHHbIMK 110 uHTepdeiicy RS-232. B oaniom kopriyce MUKpocxema COAEPIKUT
ABa OydepHbIX MpUeMHHKaA M ABa nepeaaTuuka curnazia. B nacrosiuee spems mc-
NONB3YIOTCS U DONee COBEPILICHHBIE BEPCHHM 3TOI0 KPUCTASLIA. IIPHUEM HEKOTOPhIE
U3 MUKpocxeM. Hanpumep, DS275. He coaeprkat HaBECHbIX KOMMOHEHTOR. HTO ke
KACAETCsl EMKOCTH KOHAEHCATOPOB, TO ISl HCKOTOPLIX MOAH(pHKauuit MAX232






MCIONb30BaTLCS M JIMHUKM annapaTHOro yrpasieHus MOTOKOM JaHHbiX. Kpome To-
ro, HalM4YMe HECKOJbKHUX HE3aBUCHMBLIX MOJYJEH MOCHe0oBATC/ILHOTO OOMEHA
JlaHHBbIMK MO3BOJIET OPraHU30BaTh PaboTy B "UMCTOM" MOJNIHOMYMIEKCHOM PEXH-
Me C OT/[CJIbHBIM YNPaBAEHHUEM MOTOKOM JIaHHbLIX MO JIBYM KaHanam.

[Ipu Hebonblumx paccTosHusX (10 1,5—2 M) ¥ HEGOABILIMX CKOPOCTAX Ba 110/100-
HbIX YCTPOHCTBA MOTYT OOMEHHMBATBLCS JaHHBIMHM 0€3 MCMOJib30BaHUs OydepHbIX
¢opmuposareneii, 0AHAKO NpPU YBEIUUYEHUU PACCTOSIIIUS M CKOPOCTH OOMEHa Oe3
npaiiBepoB uHTepdetica Takue cucTeMbl OyayT padboTaTh C OLIMOKAMH.

Jlanee mbl paccMOTpUM paziiyHbie AEMOHCTPaUMOHIIbIE IPOEKTHl OOMEHa AaHHbI-
MH o uHTepdeiicy RS-232, B kOTOpbIX OyAyT NpoaHaiu3upoBaHbl CXeMbl 00MeHa
JNaHHBIMK Ha YpOBHE CHrHasloB rpotokona RS-232. B nonasssitouieM 00ilbLUMHCT-
BE COBpPEMEHHbIX MpuiokeHuH untepdeiic RS-232 ncnonblyeTcs. Kak npasuio. B
NnabopaToOpHBIX CUCTEMAax YMpaBleHUs U KOHTposs. Takue CUCTeMbl COCTOST W3
JIBYX 4acTeil: KOMNbIOTEPHOIR cHcTeMbl (0ObIUHO 3TO MEPCOHANIBHBIA KOMMbIOTEP)
W BHEILHEro yCTpOWCTBa ynpapjicHuUs W KOHTpoJs Ha Oa3e crneLrasu3upoBatiHoON
CHUCTEMBI C MHKPOKOHTPOJIIEPOM WJIM MHUKporpoueccopoM. B kauecrse nporice-
COPHOro MOAYJ/sl TAKMX BHELUHMX CHMCTEM OUCHb YACTO MCIMOJb3YIOTCS MUKPOKOH-
Tponneps! cepuii 8051/8052 unu PIC-mukpokoHTponnepsl.

B GonbluMHCTBE AE€MOHCTPALMOHHBIX MPOEKTOB 3TOH JIaBbl OYyAyT MPUMEHSTHCS
mukpokoHTposiepbl 8051/8052. Takoi BbiGOp 00yc/I0BIEH HECKONLKUMH NPHUH-
Hamu. Bo-niepBbix, BO Bcex npoekTax OyayT 3ai1eHCTBOBaHbI TC WM MHbBIC CHr-
HalbHble TUHKUK UHTepdeiica RS-232, ¢pyHKUHOHMPOBAHHUEC KOTOPBIX MPOILE BCCro
MoKas3aTh C MOMOLLBIO arMapaTHO-MPOrpamMMHON CUCTEMbI Ha MUKPOKOHTPOJLICPE.
Bo-BTopbix, ycTpoiictea 8052 oueHb LUMPOKO pacnpoCTpaHEHbl B MPOMbILLIEHHBIX
M yueOHbIX CMCTeMaX ynpaBieHWs W KOHTPOJIS, UMEIOT WHTYMTHUBHO MOHATHYIO
CHCTEMY KOMaHJl M OY€Hb JIErKO MPOrpaMMHPYIOTCS UTS MOCE10BaTENbIIOrO 00-
MeHa JaHHbIMH Ha fA3bike C.

Y, HakoHeu, uHTepdeiic NocneaoBaTelbHOro 0dMeHa MHKPOKOHTPOICPOB BKJIIO-
yaeT nse 6azosbie auHuu, TxD v RxD, ans nepenaun v npuema gaHHbIX, K KOTO-
PbIM JIErKO MOAKIIKOYAKOTCS MONYJsipHbIe ApaiBepbl JWHUH, Takue, kak MAX232.
B otaenbHbIX npoekrax Mbl OyaeM WCMONb30BaTh Takxke W MOLUHbIE 16-OUTOBbIE
MHKpoKoHTposiepsl PIC24.

[Tpumep npocreiiuieit cucrembl 06McHa saHHbIMK No uHTepdeiicy RS-232 mencny
AByMs MukpokonTposnepamu 8052 nokasaH Ha puc. 2.6.

3nech UCMONL3YETCs HyJIb-MOAeMHas KOHQUrypalus, B KOTOpOH 3a)leHCTBOBaHbI
JBE CUTHANbIILIC JIMHUK [lepeliaun U npuema dannbiX. [1pu Takoi koudurypanmu
Bbixoa TxD oxHoro yctpoiicTsa noawitodaercs kKo Bxoay RxD apyroro ycTpoHcT-
Ba, U HaobopoT, Bxoa RxD oaHoro yctpoiicta noakntouaercs k Bbixoiay 1xD
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SCON = 0x50;
TMCD != 0x20;
TH1 = OxJFD;
TR1 = 1;

TI = 1;

while (1)

{
*pbuf = getchar();
if (*pbuf == 0)
break;
pbuf++;
}
printf{"%s", buf);

[Tporpamma nodalToBO NPUHMMAET CTPOKY JaHHbIX M3 MOCNEN0BATENBHOIO MOpTa
B LMKJIE while (1) C MOMOLWbIO PYHKUMH getchar. [IpuusThie OalTbl 3anucbIBa-
totcs B Oydep buf. a iipueM GaHTOB BbINOMHAETCS 10 OOHAPYXKEHHS B MOTOKE 1aH-
HbIX HyNeBoro cumBosia. [1o OKOHYaHWM nNpHeMa NPUHATAs CTPOKA OTIIPABIAETCS
obparHo ycTpoicTBy-nepeaatuuky. ['pynna oneparopos

SCON = 0x50;

TMOD |= 0x20;

TH1 = OxOFD;

TRL = 1;

TI = 1;

BBIMOJIHAET Ty )K€ YHKLMIO, YTO W B MepelaTinKe — OHa MCMOsb3yeTcs AN Ha-
cTpoiiku ckopocTH npuema 9600 6o ans craHaapTHOHW TAKTOBOM 4acTOThI MMKPO-
xoHTposiepa 11,059 MI'u. CkopocTb npuema A0/HKHA COBMafaTh CO CKOPOCThIO
nepenayy B NepeaaTyUKe JaHHbIX.

B ponu nepenatumka naHHbIX MOXET BBICTYNATh MOCEA0BATEAbHbIA NOPT NEPCO-
HaBHOrO KOMMbIOTEpa. B 3TOM ciyuae monyuum mpocTyro CUCTEMY YIpaBleHus
Ha 6a3ze npotokona RS-232. B Takoit cucteme MukpokoHTposnnep Oyner noayuars
JaHHble OT Mporpammbl, padoTatoLLel Noa yrpaBieHHEeM KakoH-1M00 onepauroH-
HOH cHCTeMbl, W BBIMOMHATH COOTBETCTBYIOLUKI anroput™ Wx obpabotku. OueHs
4acTO AaHHbIE C MOC/EN0BATENILHOIO NOPTa NEPCOHAILHOrO KOMIbIOTEpPA nepelia-






26 Mnaea 2

void main(void)
{

Pl = 0x0;
SCON = 0x56;
TMOD |= 0x20;
TH1 = OxCFD;

TRl = 1;
EA = 1;
ES = 1;
while (1),

}

DD1
DA1
PIC24FJ128GA
o MAX232
11 RF4/CN17/
TIOUT TN " U2rxPMAg  RAO
6 RN R10OUT RA1 —»
7 10 RF5/CN18/
;c T20UT  T2IN S U2TxPMag  RAZ )
Pasbem DBY — R2IN  R20UT O— RA3 —» 2
COM-nopra MK )
RA4 —» &
RAS (—»
RAB [—»
RA7 —»

Puc. 2.8. Nepenaya H6avita aanHbIX
8 [K no uHTepdericy RS-232

Hns npuema Gaita naHHBIX B 9TOH 11POrpaMaie UCMOABL3YCTCS NpepbiBaHue rociie-
JIOBaTeNIbHOFO 1opra ¢ (yHKUHUCH-00paboTUHKOM Serial TSR. [lockoabky tipepbi-
BaHWE MMOCAEAO0BATCILHOIO 1OPTa MOXKCT ObITh BbI3BAHO YCTAHOBKOH OIHOIO M3
¢naros TI (nepenauu) unu Rl (npuema), TO 31¢Ch aHANM3UPYCTCS TO/ILKO (iar
npucma Rl. baliT nanneixX, npuHATLIA MO NOC/IENOBATCALHOMY 1IOPTY. MOMCLIACTCS
B peructp Oydepa npuemonepenarinka SBUF. Cojepikumoe 3Toro perucipa sa-
TEM 3aMUChIBAETCS B TMOPT BBOAA-BbiBOJAa Pl. HacTpocHHbLIA Ha BLIBOL laHHBIX.
CurHanbl nopra MOTYT MCIIONBL30BATLCS IS VIPABICHUS BHEIUHUMH HCIHOTHH-
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U2BRG = BAUDRATEREG;
U2MODE = 0;
U2MODEbits.BRGH = 1;
U2MODEbits.UARTEN = 1;
U2STA = 0;
U2S8TAbits.UTXEN
IFSlbits.U2RXIF

I ]
(=3
~ o~

void UART2PutChar (char Ch)

{
while (U2STAbits.UTXBF == 1);
U2TXREG = Ch;

char tmp;
char buf(32];
int il, bytes;

void _ attribute  ((__interrupt_ )) _TlInterrupt(void)
{
_T1IF = 0;
tmp = PORTA;
bytes = sprintf(buf, "0x%X ", tmp):;
for (il = 0; il < bytes; il++)
UART2PutChar (buf [i11);

veid main()

{
TRISA = Oxffff;
UART2Init();
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PR1 = PREG;
TMR1 = 0;
TiCON = 0x8030;

while (1)
{
}

Tlporpanmma kakable 3 CeK CUMTBLIBACT OAMH OalT JaHHbIX € 8-MM AMCKPETHBLIN
BXOJIOB NOpTa A MUKPOKOHTpOJUIEpa, 3aTeM lipeodpa3yer JaHHLIC B LICCTHAALA-
repudlibii GpopmMar M nocubulaeT UX NocpencTBoM WHTepdeiica RS-232 B nepco-
HaIbHBLIM KOMMbIOTEP. DTU OMNEPalUMH BbIMOMHAIOTCH (PVHKIMCH-00pabOTHHKOM
npepeiBanus _TlInterrupt Taiimepa l. KOTOpbIA HCNONb3yeTCs A8 OTcueTa 3-
CEKYH/HbIX BpeMelHbIX UHTepBa10B. CKOPOCTHL Nepeaady aaHtbIX BbIOpaHa 341ech
pastiori 9600 60a npu TakTOBO#H HYacToTe MUKpOKOHTponnepa 8§ MIMu.

3TH npuMepsbt nocTpoerus UHTepdeiica RS-232 aBnsioTcs TUNUUHBIMUY U UCNIOSb-
3ylOTCsl B OOJBLUIMHCTBE cUCTEM 00paboTKM AaHHBIX. B KauecTBe BHCLIHEro ycr-
poiicTBa 31€cb BbICTYMaeT cucTeMa Ha 0ase MUKPOKOHTpoJuicpa/MUKponpouec-
copa, KOTopas, B CBOIO OuUe€peab, MOXET YrpaBiasiTh APYrdMH  BHCUIHHMH
ycTpoiicTBaMH. MUKPOKOHTpOIepbl obecneunsaioT nepBUUHyIo 0dpadorky aau-
HbIX W [1€pPedaroT HUX MO MOCACAOBATENIbHOMY KaHajly cucreme DoJjiee BbICOKOrO
ypoBHs, Hanpumep, [1K, 11do npuHUMatoT aaHHbie OT APYrOM CHCTEMBE.

Henocrarkom npotokona RS-232 smnsiercst To, 4TO € €ro nomowbio oOMeH AaH-
HBIMK MOXET BbINOMHATLCS TOJNLKO MEXKAY ABYMs ycTpoiicTBamu. [lporokon He
onpenenser, KakuM 00pa3oM MOXKHO HACHTHPUUMPOBATL YCTPOHCTBO. OTMpaBs-
nstolllee MM NpuHKAMatollee aaHHbie. Mutepdeiic RS-232 we onpeneaser aonon-
HUTENbHBIX NHHUH BbIOOpa ajpeca YCTPOWCTBA, TEM HE MEHee, OOMCH aHiibINK
MEXAY HECKObKHMM YCTPOMCTBAMM MOXKHO OpraHW30BaTh NPOrpamMMIibIMH CPCi-
cTBaMd. Hanpumep, npu nepesade naHHbIX CHauajia NOYKHO [10ChL1aTh OalT aupe-
ca, a 3aTeM — OAMH WK HeCKoJIbKo OaiiToB aanHbiX. [Tporpammuoe odecneucHue
BCEX YCTPOMCTB AO/IKHO aHAIM3MPOBATH MEPBbIH OalT nepeaasaenol rocieaosa-
TENLHOCTH U CPAaBHUBATbL €0 C OMPCAENEHHbLIM 3HAYEHHEM. KOTOpOEe CUMUTACTCS
ajpecoM ycTpoicTsa. [ns noakntouCHUs HECKOMbLKUX YCTPOMCTB MOYKHO HCMOMb-
30BaTh MHOTOKaHaJIbHbIC ApaiBepbl JIMHMK WKW BOCIOABL30BATLCH HCCKOIBKMMM
mukpocxemamu MAX232. Ha puc. 2.9 npeacrasned npumep KoH(Urypaumu u3
TPEX YCTPOHCTB, COeAMHEHIbIX 110 MHTepdeicy RS-232.
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neperpy3ky npoueccopa ycrpoicTna He Tak yxk U peakd. Jlas obecueuctius 6oib-
WeH HaIeKHOCTH 1TPU OOMEHC JaHHBIMU pa3paborTaHO HECKOIbKO METOMOR KOH-
TPOAS M YrpaBieHHUs MOTOKOM JaHIbIX. BbIACISIOT cHCTeMBI ¢ mpocpdrvibLyg
(software control) u annapamneirt ynpasienuerr norokom aanusix (hardware con-
trol). [lporpamMmHbiii METO/ ynpaBjleHUs 1IOTOKOM [l@aHHBIX peajin30BaH B 1POTO-
koie XON/XOFF, a annapatHelii MeTOZ ynpasienns — B nporokoie RTS/CTS
(DTR/DSR). PaccMoTpuM MeTOIbl 1PaKTHYECKOH peain3auuMd 00OMX MCTO!OB
ynpaeacHus NOTOKOM JaHHBIX.

2.3.1. lMporpaMMHbIN MeTOA YnpaBneHus
NOTOKOM AaHHbIX

Peanusaums nporpammuoro meroaa ynpasaenus (Metoa XON/XOFF) ne tpebyer
HaJIMYUS JOMONHUTEAbHbIX CHTHAMBHBIX JTHHUI, MO3TOMY 00MCH AaHHbBIMK MOXHO
BbIMOJHATL M B NpoCTeHLIeH HYJb-MONEeMHOW KOH(PHUrYpauuu No IBYM JHMHUAM
TxD u RxD. JIns ucnonb3opanus merota XON/XOFF nporokonom npeaycMot-
peHo nIBa cneuuanbHbIX OaliTa, KOTOpble Tak M Ha3sbiBaloTcs — GaldT XON u Gaiit
XOFF. baiit XON umeet aecatuunblii koa 17, a XOFF — 19. Baiit XON ucnoab-
3yercs Afdsi pazpelueHus nepeaayu aautibix, a XOFF — nns octanosku. Ha kaa-
BUATYPE 3T KOAbI 3MYJHpYlOTCs KoMOuHaumsmu knasuul <Ctrl>+<Q> (XON) u
<Ctrl>+<S> (XOFF). INpumenenune merona XON/XOFF ans ynpasnenus noto-
KOM JaHlibiX HE BbI3bIBaeT 3aTpyAHeHHH. [[Ng OCTaHOBKM mepeaaun AatHbIX NpH-
emHuK noceinaer Galt XOFF nepenatunky, a ans BO30OHOBJIGHMS nepenayn —
6aitt XON (puc. 2.10).

& XON —
Mepeparuuk NpueMHuk
& XOFF —

TxD >( TxD
RxD RxD

Puc. 2.10. lNporpammHoe ynpasneHne NOTOKOM AaHHbIX

V nporpaMMmHOro Mctosa ynpaBsieHHS MOTOKOM JAHHBIX €CTb ABa HEN0CTaTKa.
OaMH U3 1HUX 3aKINOYAETCst B TOM, YTO MCIO;1b30BAHHE AOMOTHHUTCILHLIX YIIPAB-
nsowux O0aiToR CHWKaeT OOLLYIO CKOpPOCTh repeaauu Aanibix. Bropo# neaocra-
TOk Oosee CyIICCTBEHHbIA M CBA3aH C HETPABUILHBIM (DYHKIIHOIMPOBAHKUCM PO~
rpamMMHOro ofecrieucHus, YIpaBisiolero MOTOKOM JaHHbIX. [cau. nanpuyep.
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U2TXREG = Ch;

char *strl = "Testing XON/XOFF Flow control";
char Temp;

char Stop = 0;

void __ attribute  ((__interrupt_ )) _TlInterrupt (void)
{
_T1IF = 0;
if (Stop == 0)
{
if (*strl !'= Q)
UART2PutChar (*strl++);
}

void _ attribute__ ((__interrupt_)) _U2RXInterrupt (void)
{

_U2RXIF = 0;

Temp = U2RXREG;

if (Temp == XOFF)

Stop = 1;
if (Temp == XON)
Stop = 0;

void main()

{

UART2Init () ;
_U2RXIF = 0;
_U2RXIE = 1;

_T1IF
_T1IE

0;
1;

It
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int cnt = J;

unsigned long del = 100;

void Timer0_ISR(void) interrupt 1

{

del--;

if (del == 0)
{
del = 100;
SBUF = XON;
ETC = 0;

void SeriallSR(void) interrupt 4
{
if (RI)
{

cnt++;

if (cnt == 5)
{
SBUF = XOFF;
while (TI == 0);
ETC = 1;

cnt = 0;

void main(void)

{

SCON = 0x50C;
TMOD = 0x21;
TH1 = OxOFD;
TR1 = 1;

TI = 0;
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THC = 0;
TLO = 0;
TRO = 1;
EA = 1;
ES = 1;
while(1);

B stoii npor pammve ans o6pabotku npuxoasiiero no uHrepgeiicy RS-232 noroka
0aifToOB MCMOIb3yeTCs MpepLIBAHWE [OCAECAOBATC/ILHOIO nopra ¢ (PYHKIHEH-
00paboTUUKOM SerialISR. PyHKUMS-00pabOTUMK BbI3bIBaETCS BCAKHUI pa3 npH
nosyueHuu Oaiita flaHHbBIX W3 nochenoBatensHoro nopra no auuuu RxD. Cober-
BEHHO, HMKaKoi 00padoTky 6aHTOB NaHHbIX 3Ta (QYHKLIMS HE BIMOIHSET, @ TOALKO
MOACYUTBIBAET KOJIMUECTBO NPUHATLIX OaiitoB Ecnu nonyueHo S 6alToB 1aHibIX,
TO nepenatumky noceriaercs 6aitT XOFF, ocranaBimBarolumii riepeaavy AaHHbIX.

Kpome Toro, B (yHKkLHH-00pabOTUHKE SerialISR 3amyckaeTcs Taimep, KOTOpbIi
no ucteueHuto 7 cek nepenact 6alt paspewenus XON nepeaarumky, 1ocie Uero
nepenaya JaHHbIX Bo30OHOBAseTcs. Takum oOpa3oM, 1ociie KaxuabiX MATH NPUHS-
Thix 6aliTOB nepejaya oCcTaHaBIUBAaeTCs Ha 7 CeK, MOC/E Yero nepenaroTcst oue-
pentble 5 6alTOB M T. . HecMOTps Ha HEKOTOPYIO MCKYCCTBCHHOCTD MPHUBEJACHHO-
ro npuMcpa FPOrpaMMHOrO YMpaBjeHUs TMNOTOKOM JAaHHBLIX, OH J0BOJILHO
HarasaHO ACMOHCTPUPYET MEXaHW3M TAKOro METOAAa KOHTPONS.

2.3.2. AnnaparHoe ynpaBneHue NoToKoOM AaHHbIX

B otnuuue or nporpammuoro metona XON/XOFF, annapatHeiit meTon yrpasiie-
HHS NIOTOKOM JaHHbIX TPEOYCT HaNWUWs ONONHUTEILHBIX CUTHAsbIHBIN THHHH, HO
3TO KOMMEHCUPYETCS OMpPENEICHHBIMHY MPEUMYLIECTBAMU. ANNAapaTHbIA KOHTPOIbL
noTokoM AatubiX yacto HaswiBatoT RTS/CTS-ynpapaeHuem. [[ns peanusaunu 3To-
ro mMeroaa ucnonb3yiorcs curdansHble MMHuM RTS/CTS. B knaccuueckom Bapu-
AHTC KOMMBIOTEP WM APYroe YCTPOWCTBO yCTaHABJIMBACT CUrHa Ha nunuu RTS,
YKa3bIBasi Ha roTOBHOCTb ANaHHBIX. Jlpyroe ycTpoicTBO onpeaenser BO3MOKHOCTD
nostyueHust HHGOPMALMH U, €CJIM 3TO BO3SMONCHO. YCTAHABJIMBAET CHUIHAJ HA JIMHUU
CTS, uvHuuMMpys Tem caMbiM Hauyano nepeaaud. [lpu vcnonb3oBaHvM 1iyfib-
MOJEMHBIX KOHPUIrypaunit Keumuposanue (NOATBCPKAEHHE FOTOBHOCTH) NCpesa-
Yy W NpyeMa JaHHbIX Peau3yeTcs HeMHOro no-ApyromMy. M3 BO3MOMKHBLIX BapyaH-
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TOB peajiv3allvu IIMPOKOE pacnpocTpatieue NosyHusl MeTO 1, PH KOTOPOM THHUS
RTS omioro ycrpolictBa coeaunsiercs ¢ auddeit CTS apyroro ycrpoictsa.
B stom ciiyuae ycraHosneHHblid curnazt RTS oanoro yctpoicrea Oyaer cBuac-
TCILCTBOBATL O TOTOBHOCTH npuema AaiHelx. [Togodnas koHpUrypanus nokaszana
Ha puc. 2.12.

YcrponcTso 1 YcTpoiicteo 2
RTS >< RTS
CTS CTS
TX >< TX
RX RX

Puc. 2.12. BapvaHT annapaTHOro ynpaesnexns NOTOKOM AaHHbIX

[Tpn Takoil yrnpolileHHOH cXxeme annapaTHOro YNpaBieHHUs MOXHO HOOMTLCS Bbl-
COKOM MpOU3BOAMTENBHOCTH oOMeHa aaunbivMu. Hanpumep., MOXHO HAcTpOUTH
nporpaMmHoe odecrnieueHue YCTPOHCTBA 2 TakuMM 0O0pa3oM, uTOObl YCTAHOBKA
curHana RTS Ycrpoiicta | B akTHBHOE COCTOSIHME MHULIMMPOBAia nepeiavy 1aH-
HbiX OT YcTpoiicTea 2 kK YerpoiiceTBy 1. PaccMoTpunm npumep annapatHoro yripae-
JIEHWsl MOTOKOM JlaHnbIX 1o uhrepdeiicy RS-232. Annapartuias yacth npockra no-
Ka3aHa Ha puc. 2.13.

DD1
PIC24FJ128GA DA1 DA2 _bez
X232 MAX2 2
RF4/CN17/ 11 MAX2S 14 14 32 1 N
U2RX/PMA9 v TN  T10UT NS TIOUT  T1IN - P3.0/RXD
RFG/CN18/ R1OUT  RIIN R1IN  R10UT o_\—/ C P3 1/TXD
10 7 7 10
U2TX/PMAS8 —] TN T20UT :)_g/—ec T20UT  T2IN K
RF12/U2CTS ——C R20UT  R2IN —{ R2IN  R20UT O— P10
. »— P32inNTO

Puc. 2.13. MpuHumMnuanbHas cxema annapaTtHoro ynpasneHust NOTOKOM AaHHbIX

Ha s7oii cxeme Bbioa RF12/nU2CTS (3aech v aasnee n B 00031aUCHUIX CUTHAZIOB
YKa3blBACT Ha MHBEPCHUIO cUrhnana) Mukpokoutponnepa P1C24 (DDI1) suinoansier
pyHKUMKM cTanaapTHON cHrnanbioi aunuu CTS niepesiaioniero yerpoicTaa, a Bbl-
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U2STAbits.UTXEN = 1;
iFS1bits.UZ2RXTIF = 0;
}
char *str = "RTS/CTS Flow Control test";
void _ attribute  ((__interrupt )) _U2TXInterrupt{void)

{
if (*str != 0)
{
U2TXREG = *str++;
while {U2STAbits.UTXBEF == 1);
}

veid main()

{

UART2Init ();
_U2TXIF = 0;
1

’

_U2TXIE
U2TXREG

I

*{--str);

while (1)
{
}

[lporpamwma oTnpaBnseT cTpoKy OaiTOB str B KaHajl 2 MOAYJIs NOCICAOBATENbHO-
ro obmena mukpokoHtposiepa PIC24, ans uero ucnob3yeTcs npepbiBaHue nepe-
natuuka ¢ gynkuuend-odpaboruMkoM U2TXInterrupt. J[na ynpaenenus nepea-
yei naHHbix N0 Jubuu CTS B QyHKUMH MHMUMAIM3AUMH UART2Init HEOOXOAMM
orneparop

U2MODEbits.UENL = 1;

Curnan ynpasjenus nocrynaer Ha Boisog U2CTS, kotopwlit GpyHKLHMOHANBHO DK-
suBasienten CTS, ¢ 6uta 0 nopra Pl npuHUMaloLero ycrpoicrsa Ha MUKPOKOH-
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™1 = 1;
TI = 1;
EXO = 1;
ITO = 1;
ES = 1;
EA = 1;
while{l);

B sTo#i nporpanise npucyTcTBYIOT /Ba 00paborumnka npepbiBains — INTO u 1mo-
crienoBaTeabHOro nopra. MyHkuus-oOpaboTuMK INTO TSR npepbiBaHus [NTO0
cOpacbiBaet nunuio RTS (Bbizoa P1.0 sMukpokonTponnepa 8052), usnavaisio ve-
TAHOBJIEHHYIO B BBICOKHH YpOBEHb. B HW3KHH YPOBEHb, pa3pelias TeM caMblM pa-
6oty nepeaarurka Ha MmukpokoHTpo:uiepe PIC24. Canmo npepbisanve INTO num-
uuupyetcs 1o nepenaay 1—0 curHana Ha COOTBCTCTBYIOLLEM BXO1€.

[Tprem GaiiToB maHHLIX OCylecTBisieTCsl B 00padOTUMKE NpepbIBAHMS 110¢1€10Ba-
TEJILHOTO HopTa Serial 1SR. [lpuem ocyiuecTBiseTcs a0 oOHapyKeHHs 1IepBOro
npo6ciia B nocsie0BaTeNLHOCTH OaiiToB, nocie vero Ha siviun RTS ycraHasiuvsa-
€TCsl BLICOKWIH YPOBEHb HampsyKCHHS, KOTOPBIH 3anpeliaeT AanbHerlylo nepeauy
Janubix ¢ yerporctea DDI.

B paccmoTpeHHbIX npumepax ans obyeHa /laHHbIMU Mbl HCMOS1b30BATH CUCTCMbI
Ha 6a3e MHKPOKOHTpoJepoB. B kauecTBe 0/110ro U3 yCTpOIMCTB, YUacTBYIOUIMN B
oONMeHe JaHHbIMK, HEPEIKO BBICTYIAET MOoC/cA0BaTe/IbHBIA 1OPT 11EPCOHANbHOIO
komnbtotepa. [lporpammupoBanue nocnegosarenbHoro nopta ITK ans obmena
JNaHHBIMH € BHEIIHUMH YCTPOHCTBAMH PacCMOTPEHO B 1. 4 U 5 NPUMEHHUTEIBHO K
onepaurolHbIM cucteMaM Windows v Linux.

[Tpotokon RS-232 umeeT psa cyluecTBeHHBIX OrpaHUueHHi Mo CKOpocTH obMena.
NPOTSHYKEHHOCTH CUTHANIBHBIX JIMHHI 1 MOMEXO03aLUMILEHHOCTH. U, KPOME TOTO, OH
no3BosISET OAHOBPEMEHHO paboTaTh TOAbKO JIByM ycTpoHcTBanm. OH He 110,1X0.1UT
JUIs pa3BETBJICHHBIX M MIPOTSKEHHBIX ceTel oOMeHa JaHHbIMH C BBICOKOI OMeX0-
3allMILeHHOCTBIO. B pe3ynbrate cepbe3Hbix ycuauit npotokon RS-232 Owbin yco-
BEPUIEHCTBOBAH M Pa3BUJCS B TAKHUC MPOTOKONbL, Kak RS-422 u RS-485. Tpotokoa
RS-485 paccmorpunm Gosiee noipobio. On ouetib IHPOKO MCHONL3YETCS MPH pas-
paboTKe NpoMbIIIUIEHHbIX cCTel 0DMeHa TaHHbIMK W YIIpABCHHS.
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2.4. Nutepcpenc RS-485

Ilpu ucnonszosanuu wuHTepgeiica RS-232 Bo3HMKaeT cepbesnas npodsiema —
HH3Kas nomexosawuiieHHocTb. Curnanbsl uHTepderica RS-232 npussasanbl K ny-
JIEBOMY YPOBHIO HANPSIKEHHS, NTOITOMY MOMEXH MO HYJIEBOMY MPOBOAY MOTYT Bbl-
3bIBATL MOMEXH, HCKAKAIOILHME MONe3HbIH CHrHall. 30Ha HEUYBCTBHTELHOCTH CHI-
HaoB uHTepQeiica RS-232  cocrasnser +3 B. 3toro Moxer oka3arhcs
HE0CTATOYHO A1 3alUMThI OT MIHOBEHHBIX MEpCrnafoB nanpsskenui no undpo-
BbIM JiMHUSIM. Ecnn cxema paboTaer co ctaHnapTHhIMHM YPOBHAMHM CUrHasioB £5 B,
yto cootsetcTByeT TTL-10rMKe, TO CUrHa bl TAKTHPOBAHUS IIM(POBLIX CXEM MO-
ryT BbI3bIBaTb MOSBJEHHE JIOXKHDBIX CHIHAI0OB HAa 3EMJISHOW LLUHIIE B TOM Clivuae.
€CJ/IM LUKMHBI ITUTAHUS pacronokeHbl psaoM. Takve curHanbl MOTYT MHTEPNPETH-
pOBaTbCsl MPOrpaMMHbIM ObecredyeHneM, Kak OUTbI MOCHUTKH, YTO W MPHUBEICT K
owMbKam.

[TonobHble orpaHuueHus ObuK ycTpaHeHbl B npotokoiie RS-485, kortopslit Obii
pa3paboTaH Kak yCOBEpLUEHCTBOBaHHbIA BapHaHT npotokoia RS-232. Curnansl
untepderica RS-485 He npuBs3aHbl K HyleBOMY YPOBHIO, a ABASIOTCS AU depen-
HUATBbHBIMH, YTO 3HaUMTENbHO ocnabnser cuH(pasHbie nomexu. Murepdeiic RS-485
OueHb LIMPOKO MPUMEHSETCS MPH CO3AaHUH CCTeH NMPOMbILLIICHIIOH aBTOMATUKH U
IUTs HaIeXKHOM repeayy AaHHBIX MEXAY yaaleHHbIMU oobekTamu. [TpoTokon RS-
485 nexcuT B OCHOBE MOMYJspHbIX NPOMBILLIEHHBIX ceTeil yrnpasiacHus Profibus u
Modbus.

Cetb, noctpoeHHas Ha untepdeiice RS-485, npencrasnser codoit npuemonepe-
JaTYUKH, COeAMHEHHbIE MpPY NOMOLLM BUTOH napsl. B ocHoBe untepderica RS-485
NeXUT NpUHUMN Oughepenyuaivnon (6anancHoi) nepenaun panueix. CyTh ero
3aKJIlo4aeTcs B Mepeaaye OHOro curuaia no AByM nposoaam. [puuem no ogHomy
nposony (ycnoBHO A) MIET OPUIHHAJIbHbIA CHUrHal, a rno apyromy (ycaosho B) —
€ro uHBepcHas konus. JpyruMmu csosamu, ecau Ha oaHOM nposozae "l1", To Ha
apyrom — "0", u HaobopoT. Takum oOpazom, mMexay AByMs MPOBOAAMH BMTOM
napbl BCerja ectb pa3HOCTb NOTEHUMWanoB: npu "l1" oHa nonoxurensHas, 1pH
"0" — oTpuuaTesibHast.

[punumn nepenauun curHanos no uHrepdeiicy RS-485 npowuamoctpupoBan Ha
puc. 2.14.

Curnanbl B nuHMAX A U B MOryT npuHMMaTh HEOTPULIATEbHBIE 3HAUYEHUS U AB-
JIAI0TCS. UHBEPCHBIMH MO OTHOLIEHHIO APYT K ApYry, a AuddepeHunanbibli cur-
HaJl npejcTaBaseT coOOH MX pa3HOCTh, T. €. YPOBEHb HANPAXCHHS CUrHaIa B JIK-
HHM A BbIYMTACTC M3 YPOBHS HampsbkeHust B nunud B. Takum obpasom.
MOJIy4aeTcst YUCTbIH AU (pEepCHUMANbHBIA CUTHAN, KOTOPbIH 11€ 3aBHCHT OT YPOB-
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HEWH CMII(I)a?!HbIX COCTABJIAOLMX B Junivax A u B, NOCKOJIbKY MpH BbIYHTAHWUH
pa3noCTb TAKUX MOCTOAHHBLIX CUTHA'IOB JacT 0.

Takoi MeToa GpopMHpOBaHHs CUrHaNa OTIIMYACTCS OT TOTO, KOTOPbIH HCIOIB3VET-
cs B RS-232 u Gazupyercs Ha ypoBHE HanpshKeHHst OTHOCHTCIILHO 00ILero npoBo-
Ja cxembl. Jlio0as noyexa ¢ I0CTATOUYHO BBICOKMM YPOBHCM HarpsbKerusi 1o ob-
LEMY MPOBO;1Yy NMPUBE/IET K MCKAKEHHIO CUTHalla B MHTepdetice RS-232.

0B
NuHuna A (+)
0B
Nunus B (-)
0B
Pa3HOCTHbIV curHan A-B

Puc. 2.14. NpuHumn nepeaaun curHana no nHrepdency RS-485

HcnoawbioBanne auddepeHumanbibix curianos B uutepgerice RS-485 nosposisier
OCYUICCTBASATH B3aHMOICICTBHE MEX/LY Y3/IaMH, HAXOSLLMMHUCS Ha 3HAUUTEILHBIX
paccTosiHusax Apyr ot Apyra (10 1200 merpos), uro HamHOro HosblUE, YeM 1103BO-
asier npotoko:l RS-232 (10 15 M). Makcumanbhias ckopocTb 0OMeHa AaHHLIMH 110
npotokosly RS-485 pasua 10 Mout/c, X0TS coBpeMeHHble MUKPOCXEMbI jpaiBe-
poB untepdeiica RS-485 nossonsior paborarh co ckopoctamu ao 35 Mout/c.

[TpoTokon RS-485 ro3BoaseT cTpouThb pa3BeTBICHHbIE CETH MEpenayu JAaHHbLIX
NPy BLICOKOH HAAEKHOCTH, UYTO AEJIAET €ro BechbMa MOHYJSPHbIM MPH CO3NAHKH
ceTel MpOMbILLNEHHONW M NadopaToOpHONW aBTOMATHKH. JTO €AMHCTBEHHBIH 11PO-
TOKOJI. MO3BOSIOUIMI OCYLIECTBIATh B3aUMOACHCTBUC MEX1Y HECKOILKUMH
nepeaaTyuKaMy M NMpUeMHUKAMHK, HAXOASLWMMHCS B OHOM ¥ TOH xe ceru. [lpu
MCMOoNb30BalkK CTAHAAPTHLIX npueMHUKOB RS-485 ¢ Bxoatbim colipoTuBieiy-
em 12 kOM MOXHO co3aaTh CeThb, COCTOALLYIO W3 32 ycTpoiicTs. B nacrosulee
BpeMs BblMycKaloTcsi ApaiBepbl HHTepderica RS-485 ¢ BXOAHBIM CONPOTHUBIIEHH-
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Ha stom pucyHke nokazaHa ceTb Ha 6asze RS-485, coctosimas u3 N y3nos. [lns
obecrneueHnss BLICOKOM CKOPOCTH Mepelayd AaHHbIX M CHWKEHHS! YPOBHS OTpa-
YKEHHBIX CHIHANOB B MUTMHHBIX JIMHUAX Ha O0OMX KOHLAX JIMHUKM HYXKHO yCTaHap-
JUBATb TEPMHHHUPYIOLLME PE3UCTOPBI, COMPOTHBIEHUE KOTOPbIX MOXET HAXOAHTb-
csa B npeaenax 100—120 Om. Tononorus cetn paspaborana no npuHumny "oduicH
wnnbl". Peanu3auus ceTu B BUIC "3Be3/bl" HE JOMYCKaeTCs M3-3a HEBO3MOMKHOCTH
MPaBUILHOFO TCPMUHHPOBAHHS JIMHUH, UTO NPUBOAMT K CYLLECTBEHHOMY MaJECHHIO
npousBoauTesbHOCTH. CUrianbHas JIMHHA [10/KHA BBIMOJNHATLCS "BHUTOM napoi”,
K KOTOPOil NPUCOENMHAIOTCS BCE YCTPOICTBA LKHbIL. [1py 3TOM paccTosHHe OT -
HUM 10 MHUKpocxeM uHTep(eiica RS-485 nomiHo ObITb MO BOIMOXKHOCTH MHUHM-
MaJlbHbIM.

Hurepdeiic RS-485, B otnnuue ot RS-232, paGoTaeT B nonynynieKkCHOM pexxUMe.
[Ipuem u nepemaya MayT MO ONHOM Mape NPOBOAOB C pa3fiefieHHEM M0 BPEMEHH.
B cetu MoxeT ObiTb MHOrO MepefaTUYUKOB, KOTOpbIE OTKIIKOYAIOTCS B PEKHUME
npuema. [lo ymonuanuio Bce nepenatydky Ha wrHe RS-485 Haxonstes B BbICOKO-
umneaaHcHoMm coctosiiki. C Mnomolublo nporpamMMmHoro odecneuenus Gosnee
BbICOKOIO YPOBHSI TAKOH CETH OAMH W3 Y3JIOB LUMHbI Ha3Hauaetcs "BeAyluMM'": OH
ynpaBAsieT 3anpocaMu ¥ HHUIIMMPYeT KoMaHbl. Bee ocTanbHbie y3iibl paboTaloT B
pexxume "BeaoMoro” M MmosyyaroT 3anpockl U KOMaHael "Beayiuero”. Bzaumoneit-
CTBHE C "BeaylUUM" OJHOBPEMEHHO MOI'YT OCYLUECTBJSATb HECKOJIKO Y370B, MpPH
9TOM CHHXPOHM3aLMs TaKOro B3aWMOJEHCTBHS BbIMOJIHAETCS ONpeie/eHHbIMU
YPOBHSIMU mporpammHoro obecneyeHus koHkpetHoi cetH. [Ipotokon RS-485 ne-
JKHT B OCHOBE TaKWX MOMYJISAPHBIX CETEBBIX MPOTOKONOB, kaKk Profibus u Modbus,
KOTOpbIE OYEHb LIMPOKO MCTOJb3YIOTCS B MPOMBILLIIEHHOCTH.

2.5. NMNpumepsbl annapaTHO-NMpPOrpaMmMHoON
peanusauuu nporokona RS-485

PaccmMoTpuM HeckoNbKO MPUMEPOB NpakTHYeCKOH peanusaumu nporokosa RS-485
NpH NOCTPOEHUH cHUCTeM oOMeHa naHHbiMH. B kauectBe apaiisepos, (hopmupyio-
LHMX YPOBHH CHUrHajoB WHTepdeHca, OyaeM Hcnonb3oBaTh NOMY/sPHbIE MHKPO-
cxembl MAX487. B nepeoM npoekTe BbIMOAHACTCS 0OMEH TaHHBLIMU MEXY ABYMsi
cucteMamu Ha 6ase MUKpokoHTposutepos 8052 (puc. 2.16).

[Tpoananusupyem annapatHyto yacTh HHTepdelica. B kauecTBe npaiBepos UHTCP-
(eiica RS-485 3neck ucnonbayiores Mukpocxembl MAX487.
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Mmcpocxema UMEET ClIEYIOLLINE o6o03HaueHUs BbIBOAOB!

QGO0 aagaaq

A — npsmoi nuddepeHLManbHbli BXOA-BbIXO,

DI (Driver Input) — uudposoii Bxoa nepenarumka;

B — unBepcHblil auddepeHUHanbHbli BXOA-BbIXO.

RO (Receiver Output) — undpoBoit BbIXOH NPUEMHHKA;

DE (Driver Enable) — pa3peuenue paboTbl nepepaTumka;

RE (Receiver Enable) — pa3peluenne paboTbl npueMHHKa;

dyHkUMOHaNIbHAs cxeMa ApariBepa TuHuM MAXA487 apasercs knaccuueckoh ans
uHrepdeiica RS-485 (puc. 2.17).

DD1 8052

P3.0/RXD
P3.1/TXD

P1.0

+58
i R1

10k

MAX487
RO B
RE
DE
DI A

i

i+5 B

R4
10k
MAX487 DD2 8052
————— B RO L P3.0/RXD
RE P3.1/TXD
R2 R3 7 ]
120 120
DE |—¢
————— A DI P1.0

.

Puc. 2.16. AnnapaTtHas peanusauusa uHTepcdeiica RS-485 mexay AByms yCcTpocTeamu

RO

RE
DE

DI

MAX487

—_—— e e | — —— ——_—— -

Puc. 2.17. ®dyHkumoHanbHas cxema agpavisepa MAX487
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Serial ISR:

org 23h

RCV:
mov A, SBUF

mov  Pl, #G6h
mov  SCON, #50nh
mov THL1, #OFDh
mov TMOD, #2Ch
setb TR1

setb EA

setb ES

clr Pl1.0O

jup S

end

s npuema Oaiitos ucnonnzyercs GpyHKUUS-00padoTuuk Serial ISR mnpepbiBa-
HMS rocsleoBaTebHoro nopta. Hanpasnenune oOMeHa JaHHbIMHM YCTaHABIUBACTCS
KOMAaHI0#

clr P1.0

KoTopas nepekntouaer Oydepb mMukpocxembl MAX487 Ha npuem naHHBIX 110-
cpeacTBoM ycTaHOBKH sjorHueckoro "0" Ha Bxonax RE—DE.

B cneayrouleM npoekrte npoAeMOHCTPUpOBaHa peaiusaudsi uHtepgeiica RS-485
MEX Yy HECKOIIbKUMH YCTpoicTBamMu. CXxema annapaTHOH 4acTH NpoeKTa NnokasaHa
Ha puc. 2.18.

B 37T0i1 cxeme B KauecTBe nepeaaTuHKka jJaHHbLIX WCMOMb3YeTCs MUKPOKOHTPOIIIEp
PIC24, a B xauecTBe MpUeMHUKOB — MHUKpokoHTposuiepsl 8052 (DD2 w DD3).
OcHoBHbBIE DJIEMCHTBI CXEMbl Mbl YXK€ pacCMATPUBAIM B TpejblayllieM NpUmepe,
NMO3TOMY OCTaHaBJIMBATLCS HA HUX A He Oyay. [Iporpammbl MpHeMa QaHHbIN YCT-
povicts DD2 u DD3 paboTaloT Tak e, Kak 1 B npeabiayuiem npuMepe. Mexoaubiii
TEKCT nporpammbl nepenaud 6aitoB ans PIC-mukpokoHTponnepa npuBeaeH B
nucrtudre 2.11.
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void UART2Init{)

{
UART2 _TX_TRIS = 0
UART2_RX_TRTS = 1
U2BRG = BAUDRATEZREG;
U2MODE = 0;
U2MODEbits.BRGH = 1;
U2MODEbits.UARTEN = 1;

’
’

U2STA = 0;
U2STAbits.UTXEN = 1;
IFSlbits.U2RXIF
}
void UART2PutChar (chaxr Ch)

{

It
O

while (U2STAbits.UTXBE == 1);
U2TXREG = Ch;

void Delay(veid)

{

long del = 1000;

wnile (del !'= 0) del--;

)

!

void main ()

{

char *sl = "RS-483 Test String frcm PIC24";
TRISD = O;
_RDO = 1;

UART2Init {};

Delay!();

while {*sl != '\Q")
{

UART2PutChar (*sl++) ;
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Delay{);
}
while (1)
{
}

B oa1oii nmporpammc nepejaua CTpokM OaHTOB sl OCYIICCTBISCTCS B UMKIC
while {*sl !'= '\C') oOCHOBHOH mporpamwmbl. [llepewstouenne apaiisepa
MAX487 unrepderica RS-485 wa nepenauy ocyluectrisiercs ycraioskoh dura ()
nopta D no komaHze:

_RDO = 1:

[Tepenauy oaHoro GaiTa CTPOKM BbINOAHAET YHKLUMS UART2PutChar, a npelsa-
PUTENbHYIO MHHWLMAIIM3aLHIO KaHalla 2 Mocse/loBaTesIbHOro MHTepdeica MUKpPO-
kontponiepa PIC24 Bpinoauser GpyHKUMS GART2Trnit.

Ilns cucrem odMcHa nanHbiMKW uHTepgeiica RS-485 ¢ kosimuecTrom y3noB 6osibLue
ABYX AKTyanblOH CTAHOBHUTCA npodieMa OlpelesieHus ajpeca y3iaa. KOTOPOMY
HanpaBJsiOTCs MaHHble. B kiaccuueckom Bapuante nporokost RS-485 ue onpenc-
nsieT ajpeca ycrpoicts. Tem He meHee, pa3paboTaiibl MPOTOKOJIBI 5051CC BHICOKOTO
ypoBHs, padotatoure nosepx RS-485. B KoTophix mpesycMoTpeHa aapecaums or-
JleNibHBIX YCTpOHCTB B ceTH Ha Oa3ze RS-485. B npocTeiiuicm BapraHTe a;ipecanuio
YCTPOICTB MOXKHO peanu30BaTh MPOrpaMMHBIM CIIOCOOOM, IIPH KOTOPOM B KauccT-
Be nepBoro OaiTa [aHHbIX MIEeT aapec yctpoicrBa. [lporpaMma npuesMHuka B
3TOM Cilyuac J0JKHA pacrno3HaTk CBOU ajpcc M HauaTb 00paboTKY AaHHBIX WIIH 5KC
nponycTHThL 0OPabOTKY B CilyHac HeCOBMNAAEHUs ajpeca.
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AnnapartHas peanu3ayus
nocnegoBarenbHOro nHTepdenca
B KOMMNbIOTEPHbIX CUCTEMAX

Bce npoueaypbl oOMeHa jaHHBIMM 10 NOC/eaoBaTeNnblioMY MHTEpdeHcy ocyLiect-
BJISIOTCS [TOCPEACTBOM CMELHMATIbHBIX MHKPOCXEM. KOTOpbIE MOJIYUMIM Ha3BaHHC
YHHMBepCaJIbHbIX aCHHXPOHHbIX npuemonepeaatunkos (ot aura. UART — Univer-
sal Asynchronous Receiver/Transmitter). Bce yctpoiicTBa. KOTOpbIC BbIIOMHSIOT
nocncaosare/bHblii 0OMEH AAHHBIMH, UMEIOT TOT WM WHOW THUN MUKPOCXCMbI
UART. Tem He MeHee, annaparHas 4acTb OONBUIMHCTBA TAKHUX TPUCMOIICpeaaT-
4YHUKOB OazupyeTcst Ha Tononoruu Kpucrasia 8250 u ero 6onec npoaBuHyTOH Bep-
cuu 8250A. YerpoiictBa cepun 8250 BKIIOUAKOT TaKWe HOMNYJISPHbIE MUKPOCXCMbI
aCHHXPOHHBIX MpHemornepenaTiukos, kak 16450, 16550, 16650 u 1. a. ITpakruuc-
CKM JIIOOYIO M3 3THUX MHUKPOCXEM MOXHO OOHApYKMTh B NEPCOHANBHBIX KOMIILIO-
Tepax M ApYrHX KOMMYHHKALMOHHBIX YCTpOHCTBAX.

B 3Toii rnaBe Mbl paccMOTPUM OCOOEHHOCTH (DYHKUMOHHWPOBAHHUS arnapaTHOM
yactu ycrpoiictea UART u nporpamMupoBatis oOMCHA aHHBIMY NMOCPCACTBOM
ACUHXPOHHOTO MpHeMonepelaTuHKa Ha HUXKHEM YPOBHE.

3.1. AnnapaTHast apxutektypa UART

ACHHXPOHHbIH NMpUeMONepenaTUHK SBASETC 0A30BbIAT 3BEHOM 110C:1€10BATCIIbIIO-
ro wuutepdeiica, npeacTaBiss CcoOOM  [OBOJILHO  CHOKIILIA  annapariio-
NporpaMmHbIi Mooy/lb OOMEHa JaHHbIMU. B pannom pasnesc Mbl cOCPE(0TOUUM
BHUMaHHe Ha QYHKUMOHMPOBAHUM AMMAPATHOM 4acTW 3TOro ycrpoiicisa. Oclos-
Hbl€ XapakTepUCTHKH pasnnuHbiX Mukpocxem UART npusossites B 1ada. 3. 1.
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Tabnuya 3.1. CpasHumesnbHble Xxapakmepucmuku pasnuyHbix ycmpotcme UART

Mukpocxema OnucaHue
UART

8250 (8250-B) | YcranaBnvBancsi Ha nepsbiX MOAENAX NepCOHanbHbiX
KOMMbHOTEPOB

16450/(8250-A) | JaHHoe yCcTpoCcTBO NONHOCTLIO coBmecTumo ¢ UART 8250
3aeck ycTpaHeHb! oWwunbky B perncrTpe paspeLleHns npepbisaHuii
W BKIMIOMEH PS4 AONOMHUTENBHBIX BOIMOXHOCTEN

16550 B AaHHOM yCTpOMCTBE MOXHO UCMONL30BaTh BHYTPEHHIOW Byde-
pu3aumnio nepeaasaemMbix v NPUHUMaEMbIX AaHHbLIX NOCPEACTBOM
Oycepa FIFO (First In First Out), xoTs ata onuws paboTtaeT ¢
ownbkamu, n3-3a Yero TepPROTCS oTAeNbHbIE cumBonbl. Obnaaa-
eT 6onee BbICOKUM BbICTPOAEVCTBMEM NO CPABHEHWIO C MUKPO-
cxemoi 16450 1 no3sonseTt paboTaTte B pexvme NPSMOro AoCTy-
na k namatu (DMA — Direct Memory Access)

16550A MoauduumposarnHas sepcus UART 16550 (ycTpaHeHbl owmnbku
(16550AN) peanusauumn FIFO). MNpegnovtutensHo UCNonb3oBaTh Ha NOBbI-
WEHHbIX CKOPOCTAX 0BMeHa AaHHLIMU

Mukpocxembl UART oueHb LIMPOKO MCMOABL3YIOTCS B pa3padOTKax OAHOILTATHBIX
CHCTEM aBTOMAaTH3alMK Ha 0a3ze MHUKPOMNPOLECCOPOB M MUKPOKOHTpo:uicpos. Ha-
npumMep, MOAYJIM NOCACAOBATEIbHOrO OOMeHa HAaHHBIMH BCeX 0C3 MCKIIIOUEHHS
COBPEMEHHBIX MHKPOKOHTPO.L.IEPOB Peali30BaHbl Ha NMPUHLUMNAX padOThl KAacCH-
ueckux UART, coBmectumbix ¢ 8250. B 3Toi rnase mMbl 1101po6GHO paccMOTpUM
NpUHUMABLL QYHKUMOHHUPOBAHWS M METOAbl NPOrpaMMHUPOBAHHS aCHHXPOHHbIX
npuemonepeaaTunkos 8250, uTo gacT BO3MONKHOCTL AOCTATOUHO IMYOOKO M3yuuTh
OCHOBHbIE MPUHLUHMIILI peanu3aly MocIe0oBaTe;IbHOr0 0OMeHa jlaHHBIMH U Hay-
YUTLCS CO3AaBaTh COOCTBEHHbIE CUCTEMbI Tlepelavy JaHHbIX.

Ycerporictea UART noakniouarloTes K LKMHE CHIHANOB/AaHHBIX MUKpPOIPOLIECCOp-
Ho# cuctemnl. Jlis knaccuueckod MUKpocxeMbl HpueMorniepenatyrka 8250A cxe-
Ma MOAK/IOUEHUS MOXET BbIMNSACTb TaK, KAK NoKa3aHo Ha puc. 3.1.

IMpuemonepenarunk UART 8250A B3auMOAEHCTBYET ¢ CUCTEMOI. B KOTOPYIO OH
MOJK/IFOUCH MOCPCIACTBOM IUMHBI YNpaBieHHUs. B kauecTse TakoH wMHbl ynpasiie-
HUsi MOXKET Cny#uTh WnHa ISA/EISA/PCI kOMNIBIOTEpHBIX CUCTEM MM CTICLUMANH-
3UpoBaniias WnHa CUCTEM Ha Da3ze MUKPOKOHTPOJIAECPOB.






BaTb napameTpul ooMeHa aanHbiMu. octyn k peructpam UART ocyiiecrsnsercs
N0 CTaHAapTHOM cxcMe odpallieHus K ycTpoicTBam LWKHbL. Hanpumep. umnin 3anu-
CH JaHHbIX B PErucTp OyAeT BbIMONHATBLCS B COOTBETCTBMHM C BPEMEHHON Ava-
rpamMMoOii, NOKa3aHHOM Ha puc. 3.2.

®

©

ADS

:

<
S I N SR AR

|
A
A2 = AO X : X
I
|
__ |
CS2 cs1 Cso |
1
|
| [ t \
D7—DO } |
| 1/
| |
| |
DOSTR T \ :/
|
| |

Puc. 3.2. BpemeHHas guarpamma 3anvcu gaHHbeix B peructp UART,
coBMecTuMbI ¢ 8250A

OTo 0AMH W3 BApMAHTOB anmnapaTHOH peaiu3alMK LMKna 3anucu Gaiita JaHHBIX B
peructp UART. 3pech ans 3anucu ucnonb3yercss MHBEpCHBIM cTpPoO 3anucu
DOSTR, npu 3TOM cHrHan Ha JMHHK NpsiMOro cTpoba 3anMucH AO/HKEH UMETh HU3-
KHH ypoBeHb (2). MoxHO pa3paboTaTh CXCMY 3alHCH AAHHbIX C UCMOJIb30BAHUEM
npsamoro crpoba DOSTR ¢ akTHBHBIM BLICOKHM YPOBHEM CHMIHaJia, TOra CUrHan
Ha UHBEPCHOM JIMHUHK JOSKEH UMETb BBICOKMH YPOBEHb.

Curnan ADS ¢ akTHBHBIM HH3KHM YPOBHEM CIYXHT Ans (pHUKCauMu aapeca peru-
ctpa UART, npu 3tom Ha aunusix AO—A2 gomkeH ObITh YCTaHOBJIEH aapec peru-
ctpa (1). MoxHo oboiitHch 1 6e3 cTpoba ADS, Ho cneyeT rapaHTHpOBaTh, YTOObI
ajpec perucTpa ocTaBajics HEH3MEHHBIM B TeueHue uuikiia 3anucu. Jinnun nCS2,
CS1—CS0 caysxat aas BbIOOpa KpHCTala MHKPOCXEMbI M artnapaTtHo MOryT OblTh
MOAKNIOUEHBI JIHOO K COOTBETCTBYIOLIMM YPOBHAM HAIIPSHKEHU, JIMOO NOCpecT-
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BoM LM(PPOBOI JIOTMKHK 3anperuaTs/pa3peluarh 1104aluy CUrHAIOB YTeHHS-3aMHCH.
Annapathas peajli3aluMs LIMHHOTO MHTepdeHca B KaXAOM KOHKPETHOM clyuace
3aBHUCHT OT pa3padoTyuka.

[lo Takol k€ cXeMe BbINoaHseTcs U onepauus yrenus peructpa UART. Toabko
31ech OyayT 3aacicTBoBaHbl curHasel DISTR (npsimoi mav musepenoiii). Kpoae
pacCMOTPEHHDBIX CUrHabHBIX IMHKHA MukpocXembl UART, 8250A u coBmecTumbic
C HEl UMEIOT U JPYTHe BbIBObI, KOTOPLIE JOKHbI NOAKIIOUATLCS B COOTBETCTBUM
C TEXHUUECKOH JOKYMEHTaLMEN Ha KaX<il0€ KOHKPETHOC YCTPONCTBO. ANNapaTHo-
MPOrpaMMHYI0 peasiM3aluuio WHHHOTO WHTepdeiica MOYKHO BBINOTHUTHL HA MUKPO-
NPOLIECCOPE UM MUKPOKOHTPONEpe. NpHUeM caenaTh 3TO He Tak U cnoxkio. Bee
curHanwl Mukpocxembl UART pabotator ¢ yposHsau TTL-10ruku, noyronmy ripo-
6J1eM M0 4acTH COrJIaCOBaHHs yPOBHEH CHIHANIOB Ha LUMHE HE BO3HUKACT.

BoixonHbie curdansl ycrpoiictBa UART uepes SydepHbie MUKPOCXEMbI BBIBOIAT-
Csl Ha BHELUHHE BbIBOIbl pa3beMa MOCAEN0BATENIBHOIO Nopta. B KauecTse JiMHed-
HbIX NpHEMOoNepelaTUHKOB WM, no-apyromy, Oydepos uurtepgeiica RS-232 g
OOJNBLLIMHCTBE Cly4aeB MCIONb3YCTCs CTaBLIAs YXKe KJacCHYeCKOH MHKpocxema
MAX232, XxoTs B HacTosILLEE BPEMS OHA AKTUBHO 3aMEHSETCs APYTUMM YCTPOHCT-
BaMH, He TPeOyIOLIUMU AOTIONIHUTENILHBIX HABECHBLIX KOMIIOHECHTOB.

Bce nactpoiiku ycrpoiictea UART, a Takke npuen W nepeaaya ganibiX OCyHniect-
BJISIOTCS OCPEACTBOM PErucTpoB, OOMbLLIAS HaCTh KOTOPBIX MPOrPaMAIHO 10CTYI-
Ha MOJIL30BATENbCKUM MPHUAOIKEHUAM, A HECKOIILKO PETrUCTPOB ABAKIOTCS BHYT-
PEHHUMHM clyKEOHBIMHM perucTpaMy W CHy)KaT s BbINIOJHEHUS CHCLHANIN3U-
pPOBaHHBIX oOnepauHi (HampWMep, PerucTpbl ClIBUra npuemonepenaTyuka st
nepenauy 6uta aaHHblX B AMHUIO TXD unu npuema 6ura panubix 110 nuiun RxD).

Paccmotpum HazHauenue peructpos UART. TlporpamMmucty nocryrib clesylo-
LLME PErUCTPbl ACHHXPOHHOIO NMpUeMonepelaTumKa:

perMcTp npHema-rnepenadu;
perucTp paspellcHHs npepbiBaHHi;
perucTp uaeHTHPUKaLKK NPEPbIBAHUS;
perucTp ynpaeienus MMHUEH;

pErUCTp yNpaBneHHs MOIEMOM;
PETUCTpP COCTOSHUS JIMHNWH;

PErucTp COCTOAHUA MOAEMA,

aaaoagagagaa

BPEMCHHDLIA PEerucTp.
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Kaskabli M3 pcrucTpoB UMeeT aapcc, KOTOPbIH OTCUUTbIBaeTCst OT 6a30BOro aapeca
yerpoiictea UART. B kauccrse 6a3oBoro aapcca NnpuHMMaceTcs aapec perucrpa
npuema-nepenaud. Hanpumep. anst nocsienosarensioro nopra COMI nepconass-
HOro KOMIbloTepa 0a30BbiH aapec B nouassisiiowen O0NbLIMHCTBE Cllyyacs paren
wecTHaauarepuuHoMy 3Hadennio 0x3F8. koTopoe sBasercs aapecom perucrpa
npuema-nepenaun yerporictsa UART. bazosblit agpec nociienosareibHOro nopra
COM2 o6biuHo paBed 0x2F8. LEcnu obosnaunTh aagpec 6a30BOro perucrTpa kak
PORTI (takoe o6o3HaucHue Mbl OyAeM WCMONL30BAaTh MPH aHAIU3E MPUMEPOB
MPOrpaMMHpPOBaHUS fasiee G DMoil 2i1age), TO, HarpUMep, anpec PerucTpa yrnpas-
AcHus aunueit 6yaer pasett PORTI1+3, agpec pervcrtpa cocTosiHus JMHUK OyaeT
paBed PORTI+5 u . a.

Perucrpoi UART umerot ¢ cneuumacibhbie MHEMOHHYeCKHEe 0Oo3HaueHus. Hanbo-
Jlee 4acTo Mbl OyIem HCrosib3oBaTh peructp vnpasiaenus simaueit (Line Control
Register. LCR), pervcrp coctosuus nuuuu (Line Status Register. LSR), peructp
ynpasnenuss moaemom (Modem Control Register, MCR) u peructp coctosiHus
mozeMa (Modem Status Register, MSR). Peructpst UART no3zsonstoT 3aaasath
paznuuHbic pexuMpl padoTbl M napamerpbl oOmMeHa AaHHbiMM. JInst vsyuenus
NpakTHYECKHX acneKkToB nporpammuposarns yctpoicta UART Ham noHanoosT-
CSl TOJALKO HEKOTOPbIC OCHOBHBIE MOMCHTbI. Kacalowuecs (yHKUMOHUPOBaHUS
nopra. Cpa3y 3aMeuy, uTo Mbl He Oyaem paccmarpuBaTh PaciMPCHHBLIC BO3ZMOX-
Hocth UART, takue kak pabora ¢ npepoiBanusmu 1 6ydepom FIFO, nocko:ibky
NporpasMmMHupoBalue Takux (yHKUHMH. OCOOEHHO B 3aLUMIUCHHBLIX OMNCPALIMOHHBIX
cuctemax Windows 2000/XP/Vista, TpedyeT cneuwanbHbiX 3HaHMH B 00JacTu
pa3paboTku npaiiBepoB YCTPOUCTB M IMTyOOKMX 3HaHHIH caMOM onepalMOHHON CHC-
Tembl. TeM iie MeHee, Mbl MPOAHATH3UPYEM OCHOBbI NMPOrpaMMHPOBAHHS ACHH-
XPOHHOIO MNpHeMonepcaaTinKa M Hayuyuics HacTpauBaTh [apaMmeTpbl 0OMeHa
NaHHbIMMU.

B npocrefiwem BapuanrTe A8 oOMEHa AaHHBIMU MO MOC/IENOBATEIbHOMY MOPTY
nocpeactsoM UART cneayeT BLINONHWTD Takue LIaru:

O 3aaarb ckopocTb oOmenia nanubiMu yetpoiictea UART;
O 3anats opmaTt AaHHbIX:
O BLINOJAHWTL Mepeaayy Uiv NPUEM NaHHbIX.

HekoTopeie 13 3THX W1aroB MOXHO NPONYCTHTb, HAMPUMEP, HE 3a1aBaTb CKOPOCTh
0OMeHA IaHHBIMH, @ UCII0:1L30BATH 3HAUCHHE 110 YMOIYAHUIO, MPUHATOE B CUCTEME
(o6bIYHO CKOpPOCTL OOMEHA yCTaHaBAWBAETCS MO yMonuaHuio pasHoi 9600 Son).
MoskHO ucnone3oBaTh M CTaHAAPTHOE 3HaueHue (opmara JAaHHBIX CHCTEMDI
(8 61T, | cTOnOBbIM OUT, 63 KOHTPO:Ist YETHOCTH).
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o6o3unaueure DLAB (Divisor Latch Access Bit) u no3possieT nonyuvTh A0CTyN
kK 16-6MTOBOMY perucTpy Aciutesns ckopocTH. OH COCTOMT U3 maaauied 8-
6utosoit uactu (DLL, Divisor Latch Low). koTopasi noctynsa no 6asosomy aja-
pecy UART, u crapweit yactu (DLH. Divisor Latch High), noctynuoit no 6azo-
BoMYy azpecy + 1.

Mocne ycranoskn 6uta DLAB nyxHo 3anucate TpeOyemoe 3HaueHue B oda 8-
6uTOBBLIX pervcTpa Aeautedis. [locsie ycTaHOBKM CKOpPOCTH OOMEHA CICAYET OUM-
ctuth 6utT DLAB, uHaue oH Oyzer O510kuMpoBaTh AOCTYN K PErucTpy MpUema-
nepenavu, 4To cienact odMeH JaHHbIMH HEBO3MOIKHBIM.

Crieayiowmit oTan — ycranoBka opmarta jJaHHbIX. Jlnst HacTpokku 3Toro napa-
MeTpa ucnosnv3yiores 6urel 0—3 peructpa ynpaenenus nauuueit (LCR, 6asosbiii
azapec + 3). B ta6s. 3.3 noka3aHbl 3HauYeHHs 3TUX OUTOB A5 7- W 8-OuTtoBOM no-
CBIJIKH JJAHHBIX ¢ O1HHUM CTOMOBLIM OUTOM M 0€3 KOHTPOJIS YETHOCTH.

Tabnuya 3.3. Hacmpolika ghopmama OaHHbIX 8 peaucmpe ynpasneHusi nuHuedl

®opmMaT AaHHbIX Bbur3 Bur 2 bur1 | But 0
(xoHTpONbL (konuyecTBO
YeTHOCTHU) | CTONOBLIX GUT)

7 6uT, 1 cTonoBbll, 6e3 KOHTpoNs 0 0 1 0
4ETHOCTU
8 6uT, 1 cTonosbIN, 6e3 KOHTPONs 0 0 1 1
YeTHOCTU

Takum obpazom, AN ycTaHOBKH 8-OGHTOBOH MOCHUIKH, C O/{HUM CTOMOBLIM OHUTOM
1 6e3 koHTpossi yetHocTH B peruetp LCR HyxkHO 3anucaTh 3HaueHue 0x3.

[Npuem-nepenaya AaHHLIX OCYUICCTBISETCS NOCPEACTBOM OA30BOr0 perucTpa
npuemornepesaatumka. [lpu aTom 1ns nepenaumn Oaifta HY)KHO 3anMcarh €ro 3Hauve-
HHME B PETUCTpP MpHUEMA-TIEPEaayu. a NPHU NMPUEME JaHIIbIX — APOYHUTATh 3HAUCHHE,
Haxoaslueecss B 3ToM perucTpe. B npouecce oOMeHa AaHHBIMH HY;KHO TOUIO
3HaTb, KOI/la OUEPC/AHOM 0aiT AaHHbIX OTNPaBICH U3 PErHcTpa Nepeiayuu B JIMHHIO
(ans noceulku cnenyroluero Gaira) unu Korga ouepenHoi 6aiT HaxoaWwTcs B pe-
ructpe npuema. O NONTHOM 3aBCPUICHUM MIpoliecca nepeaadu H6aiTa aaHHbIX OyaeT
CBMOETCILCTBOBATL YCTAaHOBJICHHBIA OUT 6 pernctpa coctosinus aunun (LSR).
O nanuuuu GaiiTa paHHBIX B peructpe npuema Oy/leT CBUAETENbCTBOBATL yCTa-
nosnenHpii 6ut 0 pernctpa LSR. O6a Oura cOpacbiBaroTcst yCTPOMCTBOM aRTOMA-






JosaHus, noakmoueHHoro k COM-nopry. EcrecTBeHHo, npH Takom MCTOAE Mpo-
BEPKHM UMEIOTCS M HEKOTOpble orpaHuueHus. Hanpumep, cioxio nposepuTh pado-
Ty untepdeiica B pealbHOM BPeMEHH, OCODEHHO MpPH HUCMOJb30BallMKU CHIHAJIOB
KBUTHPOBaHHUs (MOATBEPXKAEHHS), KaK 3TO 4acTo TpebyeTcs As peabHbIX Mpu-
noxeHni. Tem He MeHee, Takoe TECTHMPOBAHHE T103BOJIET AOBOALHO OBLICTPO Of-
penenTh padboTocnocobHOCTb MHTepdeHca U ero (P)yHKUHOHMPOBAHHE MPH 3aja-
HUH pa3/IMUuHbIX NapaMeTpoB oOMeHa JaHHBIMH.

Ecnu mon pyKoi uMeeTcs AcMoO-Tuiata Ha 0a3ze MUKPOKOHTpOMJICpa MM MHKpO-
npoueccopa ¢ MHTCrpUpOBaHHbIM Ha HEl MOCICAOBATENbHBIM MOPTOM, TO €€ MOXK-
HO HCMONb30BaTh Al TECTUPOBAHUS MM HACTPOHKH MHTepeiica nocneaoBaresib-
HOro obmeHa JaHHbIMH.

[pu paspaboTke nporpaMMHOI 4acTH TNMPOBEPKM W HACTPOHKH MHKPOCXEMbI
UART wunrepdeiica RS-232 cneayer yuurbiBaTh 0cobeHHOCTH (PyHKUHMOHMpOBaHHUS
ONEepaUrOHHbIX CHUCTEM, MOA YNpPaBIECHUEM KOTOPbIX pabOTaeT MOC/e10BaTeib-
Hblii MHTepdeic. B cnenylolunx passenax Mbl NpoaHaIU3Mpyem OCOOEHHOCTH
HACTPOIKH W TECTUPOBAHMS ACUHXPOHHOrO MNpUeMornepenaTynka nocneaoBa-
TeNbHOrO HUHTepdeiica B pasfiMuHbIX OMepauHoHHbIX cucTeMax. HauHem ¢ Ha-
crpoiikn UART B oncpaunonHbix cuctemax Windows 98/Me. Dty onepaunoH-
HbIC cHcTeMbl Ofarogaps BO3MOXKHOCTM MpSIMOrO AOCTYNa K anfapaTHbIM
CpeacTBaM LUMPOKO MCMOJB3YIOTCSA [/1s1 HACTPOMKK W YNpaBieHHUs rnepUdepHii-
HbIM obopynoBaHuem ¢ untepdeiricom RS-232, ocobeHuo B nabopaTopHbix M
NPOMBILIEHHbIX CHCTeMaX cbopa ¥ 00paboTKH AaHHbIX. DTO HE B MOCICAHION
ouepellb CBA3aHO M ¢ TeM, uTo pupma Microsoft BbinycTHaa nporpammiioe obec-
neyenue (Virtual PC 2004/2007) ans cozpaHus pasfiHuHbIX BUPTYyalbHbIX Ofie-
pauHoHHbIX cucTeM, BKtovass Windows 98/Me, paboTaloumiux B yCTaHOBAEHHDBIX
Ha [IK cucremax Windows XP/2003/Vista. CaMoe cyLuecTBentoe 3To TO, 4TO
npy padoTe B TakWMX BUPTYalbHBIX CHUCTEMAax MOJIb30BATE/b MOMYyYaeT NPSIMON
JOCTYN K anmnapaTHbIM pecypcam napajiiesibHOro U nocjaeloBaTeNbHoOro nNopTos
6e3 croxHOM U TPYAOEMKOH NpoLeaypbl HanucaHUs ApaiiBepoB sapa, a 370 OT-
KpbIBA€T LIMPOKME BO3MOXKHOCTHM MO ajanTauvd M HACTpoiike 0bopyaoBaHus
OTHOCHTEJIBHO MPOCTHIMH CPEACTBAMH.

3.2.1. HacTtpoika n tectupoBavue UART
B onepauuoHHbIX cuctemax Windows 98/Me

Jna nacrpoiiku/tectposanus yctpoiictea UART B onepauvoHHbIX cHcTemax
Windows 98/Me mbi Oyiem Hcnonb3oBaTh ABe Hanbosee Nonyaspiibie NporpaMm-
Hble cpeabl pazpaboTku — Microsoft Visual Studio u Delphi. B aannom cnyuae
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mbl Oyniem ucnosibzosatb Delphi 7 u Visual C++ 6 nakera Microsoft Visual Studio 6.
XOTs NPOrpaMMbl MOXCHO KOMIMIMPOBATb M B JAPYTMX BCPCHAX ITHX MPOrpan -
HBIX MPOJ1yKTOB.

JIns HacTpOWKH/TECTUPOBaHHUS aCHMHXPOHHOro npuemonepelatuynka COM-nopra
[MIK moxxHo coeanHuTb BeIBOABI TXD M RxD nociesoBatenbioro mopra win e
MOAKJIIOYHTL K MOCNIEA0BaTENbHOMY MOPTY YCTPOHCTBO, KOTOPOE MOTA0 Obl MpH-
HUMaTb JaHHbIE U3 MOpTa WK NepecbulaTh UX B nopt. ITporpamyuoe obecricuerue
noJib30BaTeNs MOXET JIMOO 4YMTaTh AAHHBIC W3 MOC;ICAO0BATEILHOrO 110pTa. OTO-
Opadkasi MX Ha 3KpaHC KOHCOJIH, IUOO OTNPaBAATH AaHHbIE B MOPT NPUCOCAHHCH-
HOMY YCTPOMCTBY.

KoHeuHo, ucnonb3oBanue 3amkHyToro weiida TxD—RxD ("3ariiyuiku™) nosso-
ASCT MPH MHHUMAIBHBIX YCHIMSX MPOBEPUTb W HACTPOMTHL OOMBLLIMHCTBO mapa-
MeTpOB OOMCHa AaHHBIMH, a TAKOKE MPOBEPUTL paboTy camoro nopra. Tem ne me-
Hee, C/edyeT YYWTbIBAaTb, YTO B peaslbHbIX CHCTEMAX AODKHBI BbLIEP:KUBATHCS
ofpe/iesicHHble BPEMECHHbIE 3aBUCUMOCTH MEXY cHrHanaMmu uHrepdeiica 1piem-
HOr0 M Mepelarollero yCTpONCTBa, MOITOMY OKOHYATENLHYK HacTpOMKY Ipo-
uenypbl OOMEHa AaHHBIMW OKENaTelbHO BCE K€ BLIMOJHATb C  PEasibibiM
obopyaoBaHHeM, MOAKITIOUEHHBIM K MOCIEI0BATEIbHOMY MOPTY.

Tem He MeHee, HUCMONL3OBAHWE 3aMKHYTOro eiida HaeT nporpammMuCTy BO3-
MOXHOCTB 0€3 YCTAaHOBKH 000pYNOBaHHs TOCTATOUHO XOPOLLIO M3YUHTh MPUHLIMIIbI
obMeHa JaHHBIMH. DTO BCE, YTO Kacaercs anrnapatHbix noaktouenwii. Tenepo
NOCMOTPUM, YTO HYXHO ISl MPOrpaMMHON yacTH. Bo-nepBbiX, Ha nepcoHalibHOM
KOMMBIOTEPE HYXKHO MPOMHCTANIMPOBATL OiAHY H3 OMNEPALUOHHLIX CHCTEM
Windows 98/Me. TlockoiibKy B HacTosillee BpeMsi MHOIME TMOnb30BaTe.ld Yxe
MMEIOT YCTaHOBJICHHYIO BEPCHIO OHOM M3 onepauroHHbiX cucteM Windows 2000/
XP/Vista, To MOXHO NOMTH ¥ ApyruM myTtem. B aTom cayuae ayuiue Bcero He-
nons3oBath OecnnatHo mnpenocraensemyto Microsoft nporpammHylo cpeiy
Virtual PC 2007, ¢ noMoubio KOTOpoi MOXHO Ge3 0coboro Tpyia YCTaHOBHTD
"BUpTyanbHy0" nonHodyHkuHoHansHyto Windows 98/Me. EctecTBeno. Hy»xKHO
umets auctpubytus Windows 98/Me. YcrtaHoBka "BHpTyanbHol mauivibl™ [10-
BOJILHO MPOCTA W JOCTATOYHO XOPOLLUO OfHcaHa B A0KyMeHTauMu Microsoft.

Bo-sropuix, B onepaumonnoit cucreme Windows 98/Me HyKHO ycTanoBHTh Npe-
nourutenbHylo cpeny paspaborku (Delphi uan Visual Studio). Hakoueuw, »e:a-
TENbHO UMETb YCTAHOBJICHHYIO MPOrpamMmy TEPMHUHAILHOMO AOCTYNa 1O MOCACH0-
BaTe/IbHOMY MOPTY — 3TO He MpobemMa, NOCKObKY HMEETCsl BETMKOE MHOYKCCTBO
Takux nporpamm. B npuHumMne, Mo>xxHO 00OHTHCH M O€3 TakOH Mporpamaibl, HO ee
UCTOIb30BAHME CYLECTBEHHO YNPOLLAET TECTHPOBAHHC/HACTPOIKY.
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begin

sl:= 'Hello,Dumb Terminal! ';
asm

mov ESI, dword ptr sl
@next_ch:

mov AL, byte ptr [ESI]

mov DX, 3F8h

cmp AL, O
je (@quit
out DX, AL

mov DX, 3FDh
@wait_trm:
in AL, DX
and AL, 40h
cmp AL, 40h
jre @wait trm
mov BL, 100
@delay:
dec BL
jnz @delay
inc ESI
jmp @Gnext_ch
@quit:
end

erd;

end.

Ilporpamma nepenaer ctpoky OalTtoB (nMepeMeHHas s1) NOCPEACTBOM MPSIMOTO
nporpammupoBaHus peructpos ycrpoicrea UART B npouenype ButtoniClick.
Ilpouenypa HanHcaHa Ha BCTpOoeHHOM accemOnepe — 3TO MO3BONSET Nyullle Mo-
4YyBCTBOBaTh pabOTy anmapaTypbi, XOTs MPH JKENaHWW MOXKHO €€ nepenucarh
C MOMOUILIO OMEPaTOPOB BbICOKOrO YPOBHA. AJlpec CTPOKH MoMeluaercs B pe-
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FACTp ESI, NOCPEACTBOM KOTOPOro OCYUIECTBAECTCS ACCTYN K OTAC/IbHLIM €€
JINIEMEHTaM!

mov ESI, dword ptr sl

B kaxnoii utepaunu 6alT nomellacTces B perucTp AL, FA€ OH NpoBepseTcs Ha pa-
BencTBO Hyno. B Delphi cTpoka TMna PChar 3akaH4YMBaeTCs HyJleM, 4TO U OyaeT
CJIYXKHTh MPU3HAKOM OKOHYaHHs nepeaayH. 3aTem, eciii CUMBOJ B PCrUCTpe AL He
paBeH 0, TO KOMaHIOH out OH BbIBOAMTCS B 6a30BbIF MOPT MpUemMonepenaTimKa,
KOTOPBIH COAEPIKMTCS B perucTpe DX (B AaHHOM Clyuyae BbIOpaH CTaHaapTibii an-
pec, paBubiii 0x3F8). OnucanHble NeHCTBUA BbINOJIHAIOTCS Cleaylowed rpynno
KOMaHjl:

mov AL, byte ptr [ESI]

mov DX, 3F8h

crmp AL, O
je @quit
out DX, AL

KomaHpa out 3anucbiBaeT 0ailT naHHBIX M3 perucTpa AL B PEerucTp rpuemoriepe-
natuuka UART, kotopbiii siBnsietcs 6a3oBbiM peructpom COM-nopra. bait aaH-
HBIX W3 perucTpa nepeaaTydka 3anuchiBaeTCs B PErUCTpP CABHra (3TO BHYTPCHHSs
onepauusi UART), oTkyna CMHXpOHHO ¢ TaKTOBBIMH UMIYbCAMH CHHXPOHU3AUHH
6uTbl BuiaBHratorcst B auuuio TxD. [Mpouecc nepepaun Gaiita cunTaercs noaHo-
CTBIO 3aKOHYEHHbIM, KOTJa perucTp npuemMornepeaarTyuka 1 peructp casura 6ynyr
MyCTbIMHM, O YEeM CBHAETENbCTBYET YCTAHOBJNEHHbIH OMT 6 perucrpa cOCTOSHHS
JIMHUK LSR (PORT1 + 5). YCTAHOBEHHBIH OUT 5 3TOro perucTpa cBUAETEILCTBYET
O TOM, YTO PErucTp nepeaaTuMka MycT, HO PerucTp CABHUra NpoAO/HKAET nepenaty
Ouros Ha nuuuio TxD.
Crenyrowmii 6aliT MOXXHO nepenaBath npu n1000M yCTaHOBIEHHOM 6uTe 5 uian 6.
B naiueii nporpamme nposepsieTcs coctosiHue 61Ta 6 perucTpa LSR:

mov DX, 3FDh
@wait trm:

in AL, DX

and AL, 40h

cmp AL, 40h

jne @wait_trm
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type
Threadl = class(TThread)
protected

procedure Execute; override;

procedure UpdateEdit;

end;
const
PORT1 = $3F8;
BRH = PORT! + 1;
FIFO = PORT1 + 2;
LCR = PORT1 + 3;
MCR = PORT1 + 4;
LSR = PORTLI + 5;
var

myThread: Threadi;
Forml: TForml;
cl: Byte;

implementation

{SR *.dfmj
procedure TForml.UART init;
begin
asm
mov DX, BRH
Xor AL, AL

out DX, AL

mov DX, LCR
mov AL, 80h
out DX, AL

rov DX, PORT1
mov AlL, 0OCh
out DX, AL
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mov DX, BRH
xor AL, AL
out DX, AL

mov DX, LCR
mov AL, 3h

out DX, AL

mov DX, FIFO
xor AL, AL
out DX, AL

mov DX, MCR
out DX, AL
end;

end;

procedure Threadl.Execute;
begin
while True do
begin
asm

mov DX, LSR

@fagain:

in AL, DX
and AL, .1lh
cmp AL, 1

jne Ragain

mov DX, PORT1

in AL, DX

rrov cl, AL
end;

Synchronize (UpdateEdit) ;
end;

end;
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procedure Threadl.UpdateEdit;
begin
Forml.Editl.Text:= Forml.Editl.Text + Charicl);

end;

procedure TForml.FormActivate (Sender: TObject};
begin

UART init();

Editl.Text:= "' ';

myThread:= Threadl.Create(False);

ena,

procedure TForml.ButtonlClick{Sender: TObject);
kegin
Editl.Text:= ' ';

end;

end.

OcHOBHas 4acTb MporpamMMbl peasn30BaHa Ha BCTpoeHHOM accembnepe. B otau-
YMe OT Mpcabliylied, B JTOH MporpaMMe BbIMOJHAECTCS WHUILIMAIM3AINS acHil-
XPOHHOro npuemornepenaTiuka, peajsosaiHas B QYHKUMK UART init. [locko:in-
Ky Mbl He coOupaeMcsi BbIMOAHATL KaKWe-nHOO AeHCTBUS NPH BO3HUKHOBEIIWH
npepoidanus UART, 1o B JaHHOM npunokenuu npepbiBaHUs ACHHXPOHHOrO
lpueMonepeaTuMKa 3anpeuiaoTes:

mov DX, BRH

xor AL, AL

out DX, AL

3nech B PErvcTp paspelleHus npepbiBaHui (o6o3ﬁaqu Kak BRH) 3anucbisaercs (.
OTOT K€ PerucTp UCMoNb3yeTcs [N 3arucy crapiiero daira JeIUTesst 4acTOThl
npHv ycTaHoBKe CkopocTH obmeHa. Jlanee Ham ciielyeT YCTaHOBUTb CKOPOCTh 00-
MeHa AaHHbIMM. DTO MOXHO cleslaTb TOJAbKO MpPH YCTaHOBKe OuTa 7 perucrpa
ynpasneHust nuHueit (LCR) B 1:

mov DX, LCR

mov AL, 8Ch

oul DX, AL
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bur 7 naseigator ewe DLAB (Divisor Latch Access Bit). Teneps npn ycraios-
nenHom outre DLAB 3anuuiem B ctapuivi ¥ maaawui 6adTel JEAUTE:s YaCTOThb
TpeOycmble 3HaueHus. B kauecTse maawero 6aita iesMTeNs Uclonb3yeres 0aso-
BbIA peructp (PORT1), B KOTOPbIi 3anucbiBaetcs 3Hauenre 0x0C. uto coorseTcT-
ByeT ckopocT obmMeHa 9600 6oa. B crapuuuii 6aiiT aes1MTeNs 4acToTbl, B KAUECTBC
KOTOPOro Mcrnonb3yercs perdctp BRE, 3anviiem 0. OnucaHHble Bbillle YCTAHOBKH
peann3oBaHbl KOMaHAaMH

mov DX, PORTI1

mov AL, OCh

out DX, AL

mov DX, BRH

xor AL, AL

out DX, AL

Cnenyiowas HacTpOHKa, KOTOPYIO HYKHO BBIMOJHUTE — YycTatoBka ¢opmara
NpyUHUMaeMbIX AaHHbIX. Boibepen cranaaptHblil popmart: 8 6ut, | cTonossiit, Hes
NPOBEPKH YETHOCTW. DTH HACTPOMKH BbIIONHSAIOTCS MyTEM YCTallOBKH NECPBbIX
JABYX MIaAlIMX OWUT B peructpe ynpasieHHs JuHUeH LCR. OJIHOBPEMEHHO ¢ ITHUM
HaM HyXcHO cOpocuTs 6uT DLAB. nHaue pervctp PORT1 OyaeT 3adnoKMpOBaH s
npuema. OrucaHHble NeHCTBUS BLIMOJHSACT ClIeAYyIOLIas rpyrina KoMaH;

mov DX, LCR

mov AL, 3h

out DX, AL

B nporpamme He Gyner ucnonb3orathes Oydep FIFO u annapatiisii KOHTPOIIb
obmeHa JaHHBIMH, MOITOMY PErHCTp FIFO W PETHCTP YNpaBieHUs MOAEMOM MCR
OynyT 3a610KHPOBaHBI:

mov DX, FIFO

xor AL, AL

out DX, AL

mov DX, MCR
out DX, AL

CobcrBeHHO, Ha 3ToM MHHLMaM3auuns yctpoicrBa UART 3akaHuHBaeTcs.

Ilpuem nanHbIxX BhInonHseTCA, KaK yke GbLIO CKa3zaHO, B OTAENBLHOM NMOTOKE (Ha-
30BeM €ro myThread), Ul KOTOPOro Mbl nepeonpeaeuM (YHKUHIO 110TOKa
Execute, NpUHUMaIOLLYO OaiThl qaHHbIX. [IpU3HakoM nosieieHus HaiTa jJaHibIX B
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Oy(epe npuema sBasieTcs yCTaHOBNEHHBIA B | OMT 0 peructpa cocTosHMUs JIMHUK
LSR, N03ToMy (DYHKLHMSI NOTOKA HCMPEPLIBHO aHATH3HUPYET COCTOAHMUE ITOro OuTa:
mov DX, LSR

again:

in Ai, DX

and Al, lh

[u

cmp AL,
jne Gagain
LlMkn noBTOpsAETCs MO METKE @again A0 Tex nop, noka 6ut 0 peructpa LSR He
ctaneT paBHbIM . [locie 3Toro 6aiT U3 perMcTpa npUeMiMKa MOXKHO IPOHUHTATh B
perucTp AL M COXPaHHUTb €ro B McpeMeHHON cl Ul AadbHEeHLIIero oTobpaxeus B
OKHE PeJaKTUPOBAHHUSA Ecitl:
mov DX, PORTL
in AL, DX
mov cl, AL

[ToayucHHOe B mnepeMEHHOH cl 3HA4YEHWE CHMBOJIa HYXXHO OTOOpa3uTbh B OKHE
Editl. Jlns aToro cneayeT WCMoJib30BaTb METOA Synchronize M (DYHKUMH
UpdateEditl, C MOMOLIBIO KOTOPOH BBIMOJHAETCS BU3yalbHOE OTOOPaMKCHHUE CHUM-
BOJI 32 CUMBOJIOM MOJTyUEHHbBIX JaHHbIX.

S He Oyny ocraHaBIMBaTbCA Ha MPOrPamMMHbIX AETANAX pealu3aundd NOTOKa B
npunoxeunn Ha Delphi — Bce 310 onucaHo B JOKyMEHTallMKM Ha Aatiiblid Mnpo-
rpaMMHBIH MPOAYKT.

Jns Tectuposanus nprema cuMpo:oB B ycTpoiictBe UART HyskHO 3anmycTHTh Ha-
e NpUIoNKEHHE-NPUEMHUK W TEPMHUHANILHYIO MPOrpamMMy WilH JKe BMECTO TEePMH-
HanbHOW NpPOrpaMmbl MUCIOAb30BaTh NPOrpamMMy M3 NpeablayLLero npumepa ais
nepe;layy CTPOKH AaHHbIX.

MoskHo oboiTHCh BOOOLIE OAHON MpPOrpaMMol TeCTHPOBAaHHWA/HACTPOHKH, eCciH
00bEeAMHUTL NMPOrPaMMHbBIH KO/ NpeblAYIHX MPUMEPOB B O/IIOM MPUIOKEHHH.
B 3TOoM cilyuae OKHO KOHCTPYKTOpa Takoro NpW:I0XcHHUs Oy/leT BbIITISAAETb Tak.
KaK rnokasaHo Ha puc. 3.7.

B aToii nporpamme nepenaua ctpokd Ha nvHuio TxD ocyliuecTtsisercst npy Haxa-
THU KkHonkW Send String, B pe3ynbTaTe uero CTpoka TEKCTa TNOSBISETCS B OKHC
penakthpoBanus. Knonka Clear Edit Window cny>uT mis 04MCTKM coaep:xumo-
ro okHa pejaktupoBatMs. HanomHio, 4to Haule npuinoxetmce 6yaer padboraTb nNpu
coenuHenuu ununii TxD 1 RxD nocnenosatensHoro nopra.
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public
{ Public declarations }

end;

type
Threadl = class (TThread)
protected

procedure Execute; override;

procedure UpdateEdit;

end;

const

PORT1 = $3F8;

BRH = PORTL + 1;
FIFO = PORTl1 + 2;
LCR = PORT1 + 3;
MCR = PORT1 + 4;
LSR = PORT1 + 5;
var

myThread: Threadl;
Forml: TForml;

sl: PChar;

cl: Byte;

implementation

{SR *.dfm}
procedure TForml.UART init;
begin
asm
mov DX, BRH
Xor AL,
out DX,

E B

mov DX, LCR
mov AL, 80h
out DX, AL
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mov DX, PORT1
mov AL, OCh
out DX, AL

mov DX, BRH
xor AL, AL
out DX, AL

mov DY, LCR
mov AL, 3h
out DX, AL

mov DX, FIFO
xor AL, AL
out DX, AL

mov DX, MCR
out DX, AL
ond;

end;

procedure Threadl.Execute;
begin
while True do

begin

asm

mov DX, LSR

@Gagain:
in AL, DX
and AL, 1h
cmp AL, 1

jne Gagain
mov DX, PORT1
in AL, DX
mov cl, AL

end;
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mov DX, 3FDh
@wait_trm:

in AL, DX

and AL, 40h

cmp AL, 4Ch

jne @wait_trm

mov BL, LOC
Qdelay:

dec BL

jnz @delay

inc ESI

jmp @next_ch
@quit:

end
end;
end.

Hexonublii TEKCT nporpamMmbl Obl OMMUCAH paHee, MO3TOMY OCTAHABIMBATLCS Ha
Hem noapoOHo g He Oyny. Ilepenaua cTpoku Tekcra (nepevennas s1) B noc:ieio-
BaTe/bHLIA MOPT OCYLLUECTBASETCS NMPU HAXKaTHUU KHOMKK sButton (Send String na
puc. 3.7). Ins npuema panubix no nuuuu RxD ycrpoiictea UART 3anyckaercs
OTAE/bHbIM MOTOK, (YHKUHMS Execute KOTOPOro OXH/AET MOCTYTUIGHUst Oaiita
AaHHbIX, 0TOOPaXKaeMOro 3aTeM B OKHE pelaKTHpOBalus Editl.

llporpammy MOXKHO yCOBEPLIEHCTBOBATH, €C/IM 100aBHTL B Hee €lle 0IAHO OKHO
PenakTupoBaHuUst (KOMMOHEHT TEdit), B KOTOPOM HadOupaTh CTPOKY TEKCTa Juls
nepenaun yepes ycrpoiicteo UART. [MosayuenHbiit no aunnmu RxD teker Oyner
OTOOpaXkaTbcsi BO BTOPOM OKHE penakTHpoBanusi. [1pH xenaHuu yuratenn Moryt
BBINOJIHUTE TaKyl0 MOAU(DHKALMIO MPOrpaMMbl B KAYECTBE Yy MPasKHCHHUS.

Ipuenentbie Bl NpuMepsl MOXHO peanusoath Ha C++ B cpeae Microsoft
Visual C++ 6. J[ns pa3paGoTkn TeCTOBbIX MPHIOKEHUH B MAacTepe NPOEKTOB Clle-
Ayet BhIOpaThL 32-0uTOBOE KOHCONBLHOE NpunoxeHne Windows 6e3 gononuuTesb-
Heix (aiinos (empty project), B KOTOpOE 3aTeM MOXKHO Oy/1eT BKIIIOYWTL Hall (ai
C UCXOHBIM TEKCTOM MPOrpaMMbl.
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{
ch = _inp(PORT1};
printf("ic",ch);

}

if (kbhit())

{
ch = getch{();
_outp(PORT1, ch);

}

} while {ch !'=27);

BHauane nporpaMmHbii KOA MPUIOKEHHUS BbLIIOIHSNET HACTPOMKY napamMerpon
UART. Tlockosibky Mbl He paboTaem c npepbiBaHUSIMK, TO 3aNpPeILaeN] UX Bbi30B
nocpeCTBOM orepaTopa

_outp(BR, 0);

Hanee HacTpouMm ckopocTh o0Mena faHHBIMH, paBHylo 9600 6oji. Urodsl HTo c1e-
natb, HEOOXONHUMO MOJYUHUTh AOCTYMN K cTapuleMy W mJjaalemy Gaity perucrpa
aenutens, ans vero 6ut 7 (DLAB) peructpa ynpasnenus aunuedt (LCR) creayer
YCTaHOBHTH B 1:

_outp(LCR, 0x80);

Hanee zanuuiem B muaawuii 0aiT jenurens (PORT1) 3HaueHHe 0x0C. a B crap-
wui — 0, 4to cooTBeTcTBYET cKOopocTH 9600 60.1:

_outp (PORT1, 0x0C);

_outp (BR, 0x00);

Teneps ycranoBum Qopmat AaHHBIX s nepeiauu: 8 6uT, 1 cronosbiid. 6¢3 KOH-
Tpojist ueTHocTH. Jlns atoro cOpocum 6uT DLAB ¢ ycraHoBHM Milastiuue /iBa OuTa
peructpa ynpasieHus JTUHHEH:

_outp(LCR, 0x03);

Crenytoune nsa oneparopa 3anpeiuaiotT paboTy MoJacMa U MCrofb3oBat1e dyde-
pa FIFO:

_Outp(FIFO, 0x0);

_outp (MCR, 0x0);

Hanee nporpamma nepexoauT K IUKIMUCCKOMY MNpHemy-niepeiadc Daiitos uepes
yerpoiicteo UART o tex mop, noka B Moc/icaoBaTesbHOCTH AaHHBIX HC BCTPC-
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tutcs cumost ESC (0x1B unu 27 B gecstuunol Hotaumu). Hanuuue Oalira B pe-
rUcTpe NMPUEMHHMKA MPOBEPAETCS MO COCTOsHMIO Outa 0 peructpa cocTosHus au-
Huu (LSR). [Ipu ycTaHoBke 3Toro Oura B 1 6aiT cuMTbIBaeTCS B niepeMeliiyto ch U
BbIBOJIMTCS Ha 3KpaH KOHCONIH YHKUMEN printf.

Jlanee nporpamma npoBepseT. He Oblna iy naxara kinasuwa (QyHkUMs xchit (),
M ecliy J1a, TO CYMTBhIBACT 0aliT NaHHBIX CO CTAHAAPTHOrO BBOAA M fiepeaaeT ero B
pervcTp nepeaauun ycrpoicrea UART. HanonmHio. 4To Ans 1poBepKU acHHXPOH-
HOro npuemMornepenaTidka MocaeA0BaTeIbHOrO MOpTa TaKUM CrocoOOM JIMHMH
TxD v RxD nomkHbl ObITb COCANHEHDI.

3.2.2. Hactpouka n tectuposanHue UART
B onepaunoHHbix cuctemax Windows 2000/XP/Vista

[Ipy nporpaMMHpOBaHWM ACHHXPOHHOrO MpHEMONEpeaaTUHKa B 3aLIMILEHHBIX
onepaunoHHbIx cuctemax Windows 2000/XP/2003/Vista ciieayer yuuTbiBaTh, YTO
rporpaMma noJib30Baress He UMEET MPAMOro A0CTYMNa K pericTpam BBO.1a-BblBOJA
(U3MUECKUX YCTPOICTB KOMMBIOTEPA, YTO OCAOKHSET 3a/lauy HEeNoCPeaCTRCHHOIO
ynpasneHus mukpocxemoit UART uepes peructpb! ycTpoicTaa.

B Takux cnyuasx, ecnu Bce e HeoOX0AMMO BBIMOAHHUTL AMarHOCTUKY W HACTPOH-
Ky ycrpoiicrea UART, TO MOXHO BbIOpaTh OJMH M3 ABYX BapHaHTOB: 1HOO Hamnu-
caTb coOCTBEHHbIH apaiiBep yCTpoOHCTBa, 4TOOBI MOMCHO ObLIO MalMNyJIMpOBaTh
perucTpaMy acHHXpPOHHOrO TMpUeMoriepeaTuuka, MO0 BOCMONL30BATLCS CrELH-
a/lbHbIM MPOrpaMMHbIM ObecrieyeHreM A8 JOCTyrna K perdcTpam BBOAa-BbIBOAA.
[Ipexxae uem neranbHO O3HAKOMMTBCS C METOAMKOH MpOrpaMMHUpPOBaHMs YCTPOM-
ctBa UART, Hy>KHO UCTKO NpeACTaBUTh cede, KaK 10C/IeN0BATENbHBIH MOPT WACH-
TUdULMpYeTCs B onepaunorHbix cuctemax Windows 2000/XP/2003/Vista.

"C Touku 3penus” onepaunontioi cucrembl UART nipeacrasasier codoii ycTpoid-
ctBo Ha iuune ISA/EISA, koropbim ynpasnser PnP-kouTtposriep, noakitoueHHblH
k wuHe PCI unu PCl Express. 3Ty KOH(HTypaumto HECI0XHO NPOCMOTPETh, €CiIU
Ha nukTorpamme Mol KoMnbroTep BbIOpaTh ONUMIO YHpaBJACHHE H B OKHE CHC-
TEMHOH KOHCOJIM B MeHIO BHA yCTaHOBHUTbL OTMETKY YCTpO#HCTBA MO MOJIKIIOUe-
Huio. Torza npasasi naHesb OKHa CMCTEMHOW KOHCONM OyaeT BbIMIAAETh TaK, KaK
nokasaHo Ha puc. 3.8.

Kak BupHO #3 npumepa KOH(Hrypaumu YCTPOMCTB KOHKPETHOH CHCcTeMbl Ha
puc. 3.8, annapatHo nocnaenoatenbHbiit nopt (COMI) ynpaBnsercs KoHrpoiie-
pom I82801, koTopslit, B cBOIO Ouepesb, noaktoyet k wuhe PCI. Takum odpasom,
NPOrpaMMHbIA J0OCTYI K YCTPOHCTBY aCHHXPOHHOrO npuemornepenaTiika BO3Mo-
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Ml paccmoTpuM 06a BapuanTa 1pSMOro [POrPaMMHUPOBAHHUS ACHHXPOHHOIO
npuemoriepefaTuMka W Haudem ¢ WinDriver. Tlpenmyulectsom padoThi ¢
WinDriver sBisiercst To, uTO 3j1€Cbh He TpedyCTCs Bia/ICHUE TEXHUKOHN pa3padoTKu
npaiBepa YCTpOHCTBA, JAOCTaTOYHO 3HATL OCHOBbI IIPOIPAMMHUPOBAHUS HA S3BIKE
C++ M 11paBHsIbHO MCMOJBL30BATL HECKOABLKO (DYHKIMH 1PUKIANHOTO MiiTepdeiica
nporpaMMHpoBanus, npesgocrasasemoro nporpammoit WnDriver.

MporpammupoBaHue UART
¢ nomouwybio nporpammbt WinDriver

B ocHoBy ¢yHkunoHuposanus nporpamMul WinDriver nosioxen npuHuUMIL KOTO-
pbiii B YNIPOLIEHHOM BHIIE MOXKHO ONUcaTh Tak: nporpamMma WinDriver ycranasiiu-
BaeT B CHCTCMY YHUBepcallbHLIH Apaisep sapa ((ain windrvr6.sys). kotopsiii Oy-
ner oOpabaTbiBaTb BbI3OBbl 110;1b30BATEJBCKONH  IpPOrpaMybl K (hU3HUCCKHUM
ycTpoicTBaM Ha ypoBHe sapa. [ns yaoberBa obpauienus k gpaiisepy paspadoTta-
Hbl Be OMOIMOTEKH (BBICOKOrO M HH3KOrO YPOBHS), KOTOPLIC MHKAMNCYJUPYIOT
BbI30BL! M0J1b30BATEIBCKOr0O NPUJIMKEHUS K (PUIMUCCKOMY yCTPOHCTBY, (hopaupys
CTaH[apTHble NaKeTbl 3anpocoB i ApaiBepa sapa windrvr6.sys.

Takas peanuzauus uHTep(erica Nosib30BaTEILCKON MPOrpamMMbl U allfaparHLIX
pecypcoB cHCTeMbl [oKa3ana Ha puc. 3.10.

s Bbinosierus obpalllcHUst K YCTPOHCTBY MOJIb30BATENBCKOC [IPHIIOKCHHUE MO-
KeT ucnonb3osaTh Gubauoreursie GpyHkiumn WinDriver APL, koTopsle naunnaior-
cs ¢ npedpukca wp. PaccMOTpUM Ha MpaKTHUKE, KaK C MOMOIUBIO MPHIOKCHUS
WinDriver unu, Beptice, yCTAHOBICHHBIX ITHUM MPHIIOKCHHUEM KOMIOHEHTOB MOK-
HO ynpasnsaTh (yHKIIHOHHPOBAHMEM AaCHMHXPOHHOIO IpUEMOrepenaTyHKa 11oce-
J0BaTEbHOroO Nnopra. 34ecb MOXKHO MCMONb30BaTh fiBa NyTH. Bo-nepsbIx, npume-
HUTL MacTep CO3/1alMs M0j1L30BaTeALCKOro npunoxkenus Driver Wizard — on
creHepupyeT ajsi pazpaboTuuka 11abJOH NPUAOKEHHS, KOTOPOE 3aTEM MOJKHO MO-
AMGUUMPOBATH 111 CBOMX NMOTpeOHOCTEH. Bo-BTOPBIX, CO34aTh O/IB30BATCALCKOC
NpUoKeHHe BpyUuHyto. BTopoit cniocob Ha 11epBbli B3rs KaKeTes do:iee Tpy1o-
€MKHM, O/JHaKO 3TO He TaK. M Mbl ceiHuac B 3TOM yOeAnMCs.

Pa3paGoraem npunoxenue nonn3oBarens, ¢ nomowplo koroporo 8 Windows XP
MOXKHO nepesiarh B Moc/ie0BaTe/IbHblH NOPT TEKCTOBYH) CTPOKY. 3aMUChiBas jlaH-
Heble B perucTp nepenaun (oH xe 6asoBulii peructp UART). Paspadorky npuino-
XEHMA BbINMOAHHWM B cpeie Microsoft Visual Studio 2005 (MOxkHO HCnoJIL30BaThL M
Apyrue BepcHU 3TOW cpeibl pa3padoTKH) € MOMOILLIO MacTepa MPUI0KEHHH, Bbl-
Gpas B KauecTBe THNA MpOeKTa KOHCONbHOE Mpuioxketine Win32. Iocac cosznalius
MyCcTOro Kapkaca NpUioKeHHst BKIOUMM B Hero CPP-(aiin ¢ MCX0AHBIM TEKCTOM.
MPUBEAEHHDBIM B JIUCTHHIE 3.7.
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MY IO SIZE = Ox7

——

~e

static HANDLE hWD;
static WD_CARD REGISTER cardReg;

static BYTE IO_inp (DWORD dwIOAddr)
{
WD_TRANSFER trns;
BZERO (trns);
trns.cmdTrans = RP_BYTE;
trns.dwPort = dwIOAddr;
WD_Transfer ( hWD, &trns);

return trns.Data.Byte;

static void IO _outp(DWORD dwIOAddr, BYTE bData)
{

WD_TRANSFER trns;

BZERO(trns) ;

trns.cmdTrans = WP_BYTE;

trns.dwPort = dwIOAddr;

trns.Data.Byte = bData;

WD _Transfer( hWD, &trns);

static BOOL IO init (void)
{
WD_VERSION verBuf;

DWORD dwStatus:;

hWwD = WD_Open() ;
if (hWD==INVALID HANDLE VALUE)
{
printf ("error opening WINDRVR\n");
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return FALSE;

BZERO (verBuf) ;

WD_Version{hWD, &verBuf);

printf (WD_PROD NAME " version - 3%s\n", verBuf.cVer);

if (verBuf.dwVer<WD VER)

{
printf ("error incorrect WINDRVR version. needs ver %d\n",WD VER);
WD_Close (hWD) ;
return FALSE;

BZERO (cardRegq) ;
cardReg.Card.dwItems = 1;
cardReg.Card.Item(0]).item = ITEM IO;
cardReg.Card.Item[0].fNotSharable = TRUE;
cardReg.Card.Item[0]).I.I0.dwRddr = MY IO BASE;
cardReg.Card.Item{0].I.I0.dwBytes = MY IO SIZE;
cardRegq. fCheckLockOnly = FALSE;
dwStatus = WD _CardRegister (hWD, &cardReg):;
if (cardReg.hCard==0)
{

printf("Failed locking device. Status Ox3%lx - ¢s\n",

dwStatus, Stat2Str(dwStatus));

WD_Close (hWD) ;

return FALSE;
}
return TRUE;

static void IO _end(void)

{
WD_CardUnregister (hWD, &cardReq) ;
WD_Close (hWD) ;
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int main(void)
{
char *str = " String is received by the Serial Terminal":

char cl;

if (!'I0_init())
return -1;

while (*str !'= 0)

{

TO outp(PORT1, *strei);

do {

cl = TO inp(LSR} & 0x40;
} while {(ci == 0);

}

I0 end();

return O;

l'lpemne 4eM aHaJIM3UPOBAThL HCXOJHBIA TEKCT nporpaMMbl, NMOCMOTPHUM, KaKHC
HU3MECHCHUSA HYIXKHO BHECTH B HaCTpOﬁKH HaLuero npoekTa, YTOObl UCXO/THbIN TEKCT
MOXKHO OblIO yCneurtHo OTKOMITHJIMPOBATb.

[lpcskne Bcero, B MCXOMHOM TCKCTE HY:KHO OObSABWTH (haHnbl 3aronoBkoB
windrvr.h u status_strings.h:

#include "windrvr.h"

#include "status_strings.h"

3aTeM HYXHO 3alTH B OKHO CBOMCTB MPOEKTa M BHECTH HEKOTOpPbIC U3MCHEHMUS.
Ipexxne Bcero, HyxHO ykazarb koMmrmunsTopy C++ myThb A5 MOMCKA yKa3aHibIX
pance (aiinos 3aronoskos (puc. 3.11).

B nanHom koHkperHom ciyuyae 06a (aina 3arol0BKOB HAaXOMASTCS B KaTajore
include ycranossietiHoro Ha aucke I npuaoxkenus WinDriver.

3arem Hy;KHO yKa3aTh KOMIMOHOBLUMKY (JIMHKepy) MMst Oub:moTekn wdapi901.lib
(Mb1 Mcnone3yem nporpammy WinDriver Bepcun 9.01), KOTOpYIO CicayeT BKIO-
YHTb B OKOH4YarTenbHyto coopky (puc. 3.12).

3nech, Kak BMOHO W3 pHUCyHKa, BbiOMpaercs onuus Input Simiikepa v cBOHCTRO
Additional dependencics.
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Hanpumep, B GyHKLHM IO_inp. BbHIOAHAIONICH YUTEHHC AAHHBIX, 3TUM NOJSM NpH-
CBaMBaKOTCA CIEAYHOLIHE 3HAYUEHNSA!

trns.cndTrans = RP_BYTE;

trns.dwPort = dwIOAddr;

3nech 3HauEHHEe RP_BYTE YKa3bIBACT Ha TO. UTO OV/IET BLIMONHATbLCS uTeHHE Gaiita
JaHHBIX, a dwIOAddr onpeaeisieT ajgpec peructpa (nopra). ¢ KOTOporo OVIACT Bbi-
TOJTHATBLCS YTEHHE.

B gyHKUMM 10 outp 3HaueHHe WP_BYTE MO cmdTrans YKa3blBaeT Ha TO, 4TO OY-
JeT BbINOMHATbCS 3anuch OairTa B perucTp ¢ aapecom dwIOAddr.

[Tone Data.Byte CTPYKTYpbl trns NpH BbIBOAE (3aMHCH) JOMKHO coaepKaTh OAHT
JaHHbIX ((YHKUHS I0_outp), a MPH YTEHHH B HETO NOMeLLAeTCs pe3yabrar ((pyHk-
ums IO inp).

[epenaua gaHHBIX B 000X HaMPaBIEHUAX OCYLUECTBASETCS OMOIHOTEHHON Py HK-
uven Wh_Transfer B OMneparope

WD_Transfer( nWD, &trnsj;
OcHoBHas nporpamma BbITOSIHSET TPH CleAYIOLLHe AeHCTBUS:

1. C noMouwbio GyHKLIMK IO Init BbIMOJHACTCS WHULMAIN3ALMS HEOOXOAMMbIX
00BEKTOB W CTPYKTYP.
2. BuinonuseTcs nepegaya cTpoku GaiToB B MnocsiefoBaTeNlbHbIA MOPT B LMKE
while.
3. C nomouibto GYHKIMHK IO _end YHHUTOXKAIOTCS AECKPUNTOPLI OOBLEKTOB. U Npo-
MCXOIMT BbIXOJ U3 NPOrpamMbl.
OcranoBumcs 6o:lee NoApOOHO Ha anroputMme nepedayu CTpoku OaitoB. Anro-
PHTM peanu3oBaH B LIMKJE while:
while (*str != 0)
{
I0 outp(PORT1, *str++);
do {
cl = IC inp(LSR) & 0x40;
} while {cl == 0);
}
[ockonbky cTpoka str sBNAETCS CTAHAAPTHOM CTPOKOH C 3aBEPILAIOIINN HYIEN,
TO BBIXOA M3 LMKJIA while MPOMCXOAMT MO JOCTHXEHHIO HYIEBOro OaiTa CTPOKH.

3anuch (nepenaya) oAHOrO GaiiTa NPOUCXOAUT € MOMOLULIO (PYHKIMH TO outp, B
KOTOpoO# nepenaBaembiii 62T nomeuaeTcs B perucTp npyema/riepesladyn yCTpoi-
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static HANDLE hWD;

static WD _CARD REGISTER cardReg;

static BYTE TO_inp (DWORD cwiCAddr)
{
WD _TRANSFER trns;
BZERO(trns);
trns.cmdTrans = RP_BYTE;
trns.dwPort = dwIOAddr;
WD_Transfer( nWD, &trns);

return trns.Data.Byte;

static void IO_outp(DWCRD dwiOAddr, BYTE bData)
{

WD_TRANSFER trns;

BZERO(trns) ;

trns.cmdTrans = WP_BYTE;

trns.dwPort = dwIOAddr;

trns.Data.Byte = bData;

WD_Transfer( hWD, &trns):

static BOOL IO_init(void)
{
WD _VERSION verBuf;
DWORD dwStatus;

hWD = WD_Open () ;

if (hWD==INVALID HANDLE VALUE)

{
printf ("error opening WINDRVR\n"j;
return FALSE;

BZERO(verBuf) ;
WD_Version (hWD, &verBuf);
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printf (WD_PROD_NAME " version - %s\n", verBuf.cVer);

if (verBuf.dwVer<WD_VER)

{
printf ("error incorrect WINDRVR version. needs ver %
WD_Clcse (hWD) ;

return FALSE;

BZERO (cardReq) ;

cardReg.Card.dwltems 1;
cardReg.Card.Item[0]).item = ITEM IO;
cardReg.Card.Item(0].fNotSharable = TRUE;
cardReg.Card.Item[0].I.I0.dwAddr = MY IO BASE;
cardReg.Card.Item[0].I.IO.dwBytes = MY IO SIZE;
cardReqg. fCheckLockOnly = FALSE;
dwStatus = WD _CardRegister (hWD, &cardReg):;
if (cardReg.hCard==0)
{

printf ("Failed locking device. Status Ox%lx - %s\n",

dwStatus, Stat2Str(dwStatus));
WD_Close (hWD) ;
return FALSE;

return TRUE;

static void IO _end(void)

{
WD_CardUnregister (hWD, &cardReg) ;
WD_Clcse (hWD) ;

int main(void)
{
char buf([256];
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char *pbuf = buf;

char cl;

if (!I0_init())
return -1;
printf{"Waiting for data...\n");

while (1)

cl = IO inp(LSR) & Ox1;
} while (cl == 0):
*pbuf = I0 inp(PORT1);
printf("%c", *pbuf++);

}

IO end():

return 0O;

Haznauenue cTpykTyp, nepeMeHHbIX W (QYHKUMH, @ Takike JOMOJHHUTENbHbIC Ha-
CTPOHKH KOMITMIASNTOPA H KOMIIOHOBLIIMKA Mbl JIETaJIbHO O0OCYIMAH B NpeablyLLUCM
npuMepe, NMoO3TOMY OCTAHOBHMCS Ha peasii3aluy anropurMa nprueMa JaHHbIX ycT-
poiictBom UART. Ilpuem GaliTa AaHHBIX aCMHXPOHHBLIM MPHEMONEPCIaTYHKOM
nocJIeI0BaTeAbHOrO NOpTa OCYLUECTBNISETCS B UMKIE while (1) OCHOBHOH Mpo-
rpaMMBbl.
[Toctynatowme yepesz nopt COM1 GaiiThl naHHLIX coXpaHstoTes B Oydepe buf u
afpecyloTcs ykaszartesiem pbuf. [Ipu3Hakom TOro, 4ro AaHHbie NMPUHSTbI M HAXO-
AATCS B perucTpe rnpuema/nepeaaqu, sBAseTcs ycraHoOBAEHHbIH OUT 0 perncrpa
coctostHus TuHUM (LSR) mukpocxembl UART. Cocrosinme 31o1o 6uTta nposepsercs
B LIMKJIE do:
do {

cl = IC inp(LSR) & Ox1;

} while (cl == 0);
[lpu ycranoske Gura 0 pervctpa LSR B | GalT JaHHBIX MOXKHO cuuTaTth B Oydep
buf KW BLIBECTH Ha KOHCOJIb, YTO U BBITIONHSIIOT OMEPaTOpbI
*“pbuf = 10 inp(PORT1) ;

printf ("2c", *pbuf++):
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Kak ¥ B npeasliyluenM npuMepe, MOXKHO 3alyCTHTL TEPMHUHAILHYIO 1IPOrpaMMy H
Hawe npuioxeHue. HaOupaembie B OKHE TEPMHHANBHOM MPOrpamMMbl CUMBOSIbI
OyayT OTOOpaXaTbes B OKHeE Hawero npusioxkenus. Ecrectsenno, 4o fuis Bbinon-
HeHMs TecTMpoBanus BbIBoAbl TXD u RxD nocnenoBaresisHOro nopra :0KHbI
ObITh COENIMHEHBI.

Ecau Bac He ycTpauBaloT BO3MOXKHOCTH HporpayMybl WinDriver u Bbl XoTesin Obl
paborath ¢ PpHU3MUECKUM YCTPOMCTBON HAMPSIMYIO. TO MOXKCTe pa3padoratb /pai-
Bep sapa Windows. EcTecTBeHHO, uTo Takas pa3paboTka TpeOyeT OT 1porpaMyu-
CTa JOCTaTOYHO BBICOKOH KBaTU(HMKAUMH, 110CKOJIbKY TEXHHKa MpOrpaMMHpoBa-
HUS paiBCPOB CYLUECTBEHHO OTIMYAETCS OT pa3padOTKH OObIYHBIX TPHIIOKEIHIHA.
K cuacrteto, pupma Microsoft npenocraaser pa3padoTumKy HHCTPYMCHTalbHOE
cpeacTBo pa3paboTku ApaiisepoB sapa — Driver Development Kit (DDK), koro-
pbIM Mbl BOCMOJIb3YCMCst AMs CO3/laHMs npocTeiiiero aApaiisepa sapa. On no3so-
JUT nporpaMMupoBaTth U Tectuponath yerpocTo UART nanpamyto. B caenyio-
LLeM pazjaene Mbl YBUAMM, KaK 3TO C/E1aTh.

Hactpowka u tectnposarHue UART
nocpeacTBoM ApanBepa yCTpoMcTBa

B sTom pa3aene Mbl BKpatlie O3HAKOMHMCSI C TCXHWKOM pa3padOTKH apaitBcpos
YCTPOWCTB M cO3AaauM MPOCTEHLLIWI ApaiiBep /fs YIIpaBACHHS HALIIMM YCTPOHCT-
BoM UART. Teopus pa3paboTku gpaiiBepoB AOBOIBHO CJOKHAS U 3aHUMAET MHO-
rHe COTHHM CTpaiHuL JOKYyMEHTaUWH, pa3padotanHoi Microsoft. Mbi paccmoTpum
TOJIbKO OCHOBHbIE MOMEHTBI Mpollecca MPOEKTUPOBAHUS NpPaidBepOB YCTPOMCTB,
KOTOpKIX OYIET BIIOJIHE AOCTATOYHO AJIS CO3AaHus NMPOCTEHUIMX ApaiBepos [Uls
aoctyna k ycrpoictaam I1K, B wactHocTH, k yctpoiictey UART.

PazpaboTka npatiBepoB siapa st onepauvoHHbix cucteM Windows cuuraetcs
4yeM-TO U3 paspsna "dyepHoil Maruu”. BoOsIbLLIMHCTBO NPOrpaMMHCTOB M MOJib30Ba-
Tesiel MonararoT, YTO 3TO YPE3BbIYAHHO TPYAHOE 3aHATHE U JOCTYIMHO aleKO He
kaxxnoMmy. B onpeacnenHom cmpicne 3T0 AEHCTBHUTEILHO TaK, CCAM. HanpuMep.
nbITaThCs paspaboTaTh ApalBep 3BYKOBOI MAM BHAecoKapTbl. [ns ynpasietus oT-
HOCHUTENIbHO TPOCTBIMKM YCTPOMCTBaMH, KOTOpbie TpeOYIOT YTCHHs-3alUCH He-
CKOJILKMX PErucTpoB, Kak, Hanpumep, yctpodctBo UART wnu napanneiabHbiit
nopt [1K, pazpaboTarb HecnOKHbIN ApaiiBep MOXKET Aake MOIbL30BATE!1b CpeaHeit
PYKH, NOCTAaTOYHO XOpPOLUO BAAACIOLLMH OCHOBAMM MPOrpaMAIMPOBaHHs Ha A3LIKC
C ¥ MOHMMAIOLUHI NPUHLMITBI OPIraHW3aLMH 3aAUMLLEHHBIX ONlepauHOHHbBIX CHCTENM
Windows 2000/XP/2003/Vista.
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Cnejyet NOMHHTb, 4TO ApaiBepbl YCTPOHCTB paboTaloOT B peskuMe si;1pa U MOTYT
MOJIyYMTb JOCTYI KO BCEM anmnapaTHO-1IPOrParMHBIM pecypcavM CHCTCMbl 0€3 Ka-

KHUX-THOO OrpaHUYCHHHA.

BHUMAHHE!

HenpaBunbHO CNPOEKTUPOBAaHHBLIN ApalBep MOXET NPUBECTU K MIHOBEHHOMY
Kpaxy cucTtembl ("CUHWIA akpaH cmepTun”). Ecnn Bbl 3axoTute MoanduuvpoBaTb
NpVBEAEHHBIN B 3TOW rNaBe nporpammHblil ko4 AparvBepoB vnu HanucaTb cob-
CTBEHHbIA, TO NpPeABapUTENbHO M3yunTe AOKyMeHTauwo no paspaboTke Apai-
BEpOB, YTOObI N3bexaTb HEMPUATHLIX NOCNEACTBUNA.

Ins pa3paboTku apaiiBepoB OyaeM NPUMEHSTh CTalapTHbIM CBOOOAHO pacipo-
crpaHsieMblid nporpammubli naker Microsoft Windows DDK (Driver Development
Kit). Kpoate komnunsTopa v BcioMoraresbHbIX YTHIUT, B coctag DDK BkiioucHa
o0luMpHas JOKYMEHTaUMs BMECTE ¢ NpuMepaMu pa3paboTok ApaiBepos.

B3aumopaelcTBre Noab30BATC/ILCKOrO MPHOMKEHHUA H YCTPOHCTBa B OllepaLllOH-
HOW cHcTeMe B yNPOILEHHOM BH/IC 110Ka3aHO Ha puc. 3.14.

Windows 2000/XP/Vista

<7 Mporpamma
nons3oBatens

Yposets / nonb3osatens

WcnonHuutensHble moaynu Windows

'

[OpaiiBepbl sgpa

MY
—

Puc. 3.14. B3anmopeiictere nporpamm nonb3oBartens
C ycTpoicTBamu B onepaunoHHor cucteme Windows
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dyukuun, Ho WDM-zpaiisep BKAIOUAET psaa AONOAHMTENLHBIX (YHKIHIA, 1103B0-
JISIOHIMX PCAJIM30BATh BO3MOXIOCTH TexHoiaoruu PnP (ycranopka-yaanenue 6e3
nepe3arpy3kd,  YrpaBieHHE oHepronorpedaenvem u o T. ). Jas  yctanos-
ku/o6Hossietins WDM-apaiisepa Tpebyercst Hannuue INF-aitia, B kotopom oriu-
cailbl XapaKTepUCTHKM JipaiiBepa (MMs (aitna, MECTO YCTaHOBKH, JaHIibie O HPOU3-
BO/IMTENIE W T. 1.).

Jns ycranoskn NT-apaiisepa INF-gaiin He HyxeH, HO Tpedyerces nanucars 1po-
rpaMMy, NO3BOJSIOLLYIO C MOMOLIbIO cneuranbbiX GpyHkunid WIN APl Br:touuTs,
npaiieep B cucremy. To e camoe, B NPUHLMIE, MOKHO CAENIaTh U BPYUHYIO, TPO-
NUCAB COOTBETCTBYIOLIME 3HAueHus KitoueH B CUCTCMHOM peectpe. DTOT Tun
ApaiiBepa ucrnosb3yeTcs Ans padoThi C YCTPOHCTBAMM, HE 1O 1EPXKHBAIOILMMH
TexHosoruio PnP, a Takke npu Hanvcanuu padsepos. He paboTalolMX ¢ KaKWM-
nubo obopynoeanueM. B uactHoctn, NT-noodHbii npaiiBep MOXHO HCIIOJIBL30-
BaTh NMpu padboTe ¢ napaynebHbIM, NMOCACA0BATEIbHbIM [1OPTOM, 3BYKOBOH KapToH
M JApyrdMH YCTpOHCTBamMM B cucTeme. Takoi ApaiBep CpPaBHUTESILIIO HECIIOKHO
HalUCcaTh, 4TO Mbl U POAEMOHCTPHPYEM B MOCJIEAYIOILIMX IPUMEPAX.

NT-coBmecTHMbIi ApaiiBep YCTPOHCTBA JIyULUE BCCrO NPEACTaBUTh B BUAC MPOrpavMm-
Horo "koHTektepa", coaepallero OTAENbHbIC MPOrpasMmMibic MOYH (pHC. 3.106).

YnpoujeHHas CTPyKTypa ApaiiBepa ycTporcTsa

Crpyktypa DeviceObject Crpykrypa DeviceExtension

DyHkumm IRP_MJ_xxx

Crpyktypa DriverObject

Puc. 3.16. YnpoulieHHas nporpaMMHas moaens Apansepa ycTpoincTaa

Ecnu npubernyTb k aHanoruu, To apaiBep yCTpOHCTBA 0 CTPYKTYpE HAMOMUHAET
6ubnuoreky auHaMuueckoil komnoHoBkd (DLL) onepaumonio cucrembl
Windows. Kak 1 DLL, on conepxxut nadop ¢yukumii Buaa IRP_MJ_xxx, kaxnasf
M3 KOTOPBIX BBIMONHSET TY WM MHYIO OMepauumio ¢ yctpoiictsoM. B apaiisepe HET
TOYKH BXOJa B MPOTPamMy, KaK Harmpumep, main B rniporpamme Ha sisbike C. Jind
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MHULIMANK3ALUMK ApakBepa U CBA3AHHBIX C HUM MPOrPaMMHbBIX CTPYKTYP CIYIKHT
(yHKUMS DriverEntry, KOTOpas BLI3bIBACTCA ONEPALMOHHON CHCTEMOM B MOMENT
3arpy3kH apaieepa.

J10 BECbMa YMPOILEHHOE ONUCAHHE CTPYKTYpbl jpalBepa ycTpoHcTBa, HO OHO
JlacT MpeACTaBIeHre 0 ToM, kak ol paboract JKuznenibiif uvks (GynkuMonupo-
paHMs JIpaliBepa YCTpOHCTBA MOXKHO pa3aenuTh (YCJIOBHO) Ha TpH 3Tana:

1. Unnuunanusaums.

2. BbinonHeHue onepauuii 1o 3anpocam OrepalMoOHHON CUCTEMbBI HA BBO;I-BLIBOL
JIaHHbIX.

3. OctaHOBKa H YAaj1€HUE K3 CHCTEMbI.

JlpaiiBep YCTpPOWCTBa 3anucaH Ha OMCKC B (opmate (aiina ¢ pacluvpenuem sys.
Jlns onepauuonubix cuctem Windows obuienpuusaTo pacnosiarath (aitinl apaii-
BepoB B Kartanore windows\system32\drivers, xotst 310 1 He obs3artennHo. Ceje-
Husi 00 YCTAHOBJIEHHBIX ApaiiBepax Xpauarcsi B cuctemHom peectpe Windows B
wnoue \registry\machine\system\CurrentControlcet\Services. Mctopuuecku ciio-
KHUJIOCH TaK, YTO 3aMHUCH O CUCTEMHBIX Clyk0ax U ApaiBepax XpaHsTcs B 0/AHOM U
TOM )€ pasfiefie peectpa (services).

IlomMumo BCero mpouyero. 3amucH COAEpXKaT THUMN 3anycka ApadBepa — 10 HeMy
cucTeMa OnpesesiseT, KOraa HY)KHO 3arpykarh Apaisep. 34ech eCTb OveHb Bau-
HbIH MOMEHT: MpH MCMbITAaHUAX pabOTOCMOCOOHOCTH ApaiBepa KejlatTeabHo He
HHULIMAJTW3MPOBATh [IpaliBEp B MOMCHT 3arpy3KH CHCTEMbI. MHAUYE MOXHO BOOOIIE
He 3arpy3uThbCs, €CH B ipaiiBepe UMeeTes Kakas-nudo ownodka.

[lpy wHUUManu3auuu apaiiBepa onepauuoliHas CUCTEMa 3arpyxkaeT ;BOWUIIbIH
o6pa3 auckoBoro (aiina B 3allMLLCHHYIO 061aCTb NAMATH U NEpeaeT ynpasieHue
dyHkumu priverEntry. OciioBlas 3anada 3Tol (yHKUMH — MPOHHULMATIH3HPO-
Batb nosis cTpyktyp DriverObject u DeviceObject u BbINOIHWTL NPUBA3KY YCT-
POWCTBA K NPOCTPAHCTBY MMEH OMEPaLMONHOI CHUCTEMbL. 4TOObI MOXKHO ObINO 00-
Paw@areca kakMM-To 06pa3oM M3 Mporpammbl NOJNb30BaTENs K ycTpoicTsy. Kpome
3TOro, 34ech KC HMHULMANM3UPYETCSs MAacCHB ykasaTcicH Ha (yHKUMM Buja
IRP_MJ_xxx, re Xxx 0603HauaeT OnepaLmio, BbITOHAEMYIO JaHHOH (yHKIMe.

Hanpuwep, ykaszarens IRP. MJ_CREATE moxet ccbinarhesi Ha (hyHKLUHMIO, KOTO-
Pas Oyner BbI3bIBaTLCA MpHM CO3UAHWMHM (OTKPLITHH) YCTPOWCTBA (Harpumep,
CreateFile () M3 nporpaMmsl nons3osarens). Kaxbiii 1paiiBep MOXKET BKiIOUaTh
Pasznuynbie QyHKLMK, B 3aBUCMMOCTH OT Ha3haudenwus ycrpoicrTsa. Hampunep. B
YCTPOHCTBO MOXHO TONBKO 3aMHCLIBATH AaHHbIC, HO HEMb3s YMTaTh — B DTOM
Ciyuae moxxHo He onpepenath (GyHkumio uin IRP.MJ READ wiu cucnates ce B
BUIle nporpaMMHO# "3arnyiku".
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Kak B apadisepe BbIOMpalOTCs (PYHKUMH, KOTOPBIE J1I0JIXKHBI BBITIOAMSThL B JIAHHbIH
MOMeEHT orepauHIo ¢ ycTporcTBoM? st oTOro npeaycMorTpen MCXaHM3M MaKeTop
Ha sanpoc BBoua-sbioga (1/0 Request Packet). Hanpumep. ccim porpamma
NOJIL30BATE1S BBIMOSHACT 3aMMCh JaHHBIX B YCTPOHCTBO npu nomouid WINAPL.
({YyHKUMH WriteFile(), TO OllEpallMOHHAs cHUcTeMa (POPMHpPYET NAaKeT 3arpoca
IRP_MJ_WRITE u nocbiaer ero apaiBepy yCTpoicTBa AJist BbIIIOSHEHHS.

B cBoto ouepean, ApakiBep yCTPOWCTBa Bbi3bIBaeT (YHKUMIO, UCH ajpec ykasau
NpyY MHULUMANIK3ALMKM MAaCcCHBA yKasaTeNci, M lepenaer el ynpasienue. Jogok
ApaiiBep, TeM HC MeHee. 10JDKEH BKJIOYaTh OOpabOTUMKM MNAKETOB 13anpoca
IRP_MJ_CREATE (otkpeitue ycrpoiictea) u IRP_MIJ CLOSE (3akpbiTne ycr-
poricTsa).

[Naker 3anpoca IRP coacpxuT HeodOXxoaMMmbie Mons M aapeca odnacTeid namsiTw,
BBLICJEHHBIX CUCTEMOM /IS BPEMEHHOro XpaHEHHUs JAHHBIX MPH YTEHHH-3AMUCH,
Mbi He Oyaem aetaiblo paccvatpuBarh cTpyktypy IRP, a nepeiinem k ananmsy
B3aMMOIEHCTBHUS MPUNOKEHUS M YCTPOHCTBA MOCPEACTBOM JpaiBepa.

ITpuaoxenne noaw3osatens, padoratoutee 8 Windows, MOseT B3auMOeiiCTROBATL €
YCTPOICTBOM HCPE3 UCMOTHUTENBIIbLIA YPOBEHb, HA KOTOPOM PadOTAIOT BAXKHbIC CHC-
TeMHbIC CTy>KObI. nocpeacTBOM obpaileHus Kk QyHKuMsaM uHTepderca nprkiaaioro
nporpammupoBanus ((pyHruMM WIN API), BkiioueHHbIM B HeKOTOpbIC OMOIMOTEKH
IMHAMMYECKOW KOMIMOHOBKH, Harpumep, B kernel32.dll. 3nec HYXKHO OTMETHTb
CileAYFOLIMH BaKHbLII MOMCHT: BCE YCTPOHCTBA, C KOTOPbIMM B3aWMOIEHCTBYET Ore-
paLMOHHAas CHCTeMa. MpeacTaBielbl B Hel kak (aiinbl, NpuydeM 3TO OTHOCMTCS HE
TOJILKO K (paiinam B WX TPaZMUMOHHOM TMpeAcTaBieHnu (OonpesaeneltiibivM oopa3om
CKOMITOHOBAHHbBIE IPYNIbI AaHHBIX HA AECTKOM AMCKE), HO M KO BCCM allfapaTHbIM
ycTpoiictBam. Tak, Hanpumep, napauesibhblid nopt 1K B onepauunoniioi cucreme
Windows moxkeT ObITb 11peacTaBieH kak (ain ¢ umenem "LPT1", nocneaosatens-
HOMY MopTy MOXeT ObITb npucsoeto ums "COMI" uT. a.

PaccmoTpum. HanmpuMep, Kak MOXKET OCYLUECTBIASTLCS B3aWMOAEHCTBHE Nporpam-
Mbl MOJb30BATENS C YCTPOUCTBOM, MOAKAIOUEHHBIM K MOC/IEA0BaTEILHOMY NOPTY
COMI (puc. 3.17).

Cxema B3aMMOICHCTBHS MOJIL30BATENBCKOrO NMPUI0XKEHUs U yCTpOHCTBa nocneao-
BaTE/JILHOTO BBOAA-BbIBO/1A, U300paXkeHHas Ha puc. 3.17, apisieTcs BecbMa nokasa-
TENbION U XapaKTepHa Ul BCeX YCTPOHCTB ONEPALIMOHHON CUCTEMBI.

Yrobul HauaTh paboTy ¢ yCTPOMCTBOM (B AaHHOM Criyuae, 3TO MOcC/ieA0BaTebHbIH
nopt COMI), noab3oBaTenbCKoe NPHIIOKEHHE AOHKHO OTKPBITh €r0 C MOMOLUBIO
¢byukunn WIN API createFile (). OTa dyHKUMs BCerpa AOJKHA BbITIONHATHCSH
nepBoii npu obpatueHnn kK 06bekTy (ainoBoit cucTeMbl, 6y/b TO AMCKOBBIH (aii
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WIM YCTpOIcTBO BBOMa-BbiBOAa. B onepaunonHbix cucremax Windows (kak v B
UNIX) Bce oObeKTbl CUCTEMbl (AMCKOBbIE (painbl, yCTpoiicTBa BBOA-BbIBOJA,
MMEHOBAHHbIE KaHa/lbl U T. [.) MHTEPIIPETUPYIOTCS Kak (aiinbi, U oncpauru Han
HUMH BbITIOTHSIOTCS C MOMOLLBIO OOHHUX M TeX k€ (QYHKLMUH NPUKIALHOIO MHTEp-
detica mporpammuposanust WIN APL. ®ynkunn WIN APl Tpancaunpytotes B
(GYHKLHMHU HCNIONHUTENLHBIX MOAYJIEH, KOTOPbIE. B CBOIO O4€pEb, OOpalLaloTCs K
(yHKUMSM IpaiiBepa yCTPOHCTBA.

[ Monb3oBaTenbCkoe NpPUNOXeHue ]

YpoBeHb nonb3osatens

|

|

|
CreateFile(...)

|

!
ertleFlle( )

T

|
ReadFile(...)

t

|
CloseHandle(...)

YpoBeHb fapa

GOJ‘I b30BaTENIbCKOE anﬂO)KeHVle]

IRP_MJ_WRITE

IRP_MJ_CREATE
IRP_MJ_READ
"IRP_MJ_CLOSE

‘ MNone3oBaTenbckoe npunoxel-mej
| |

RS-232 I

Puc. 3.17. Cxema BbINONHEHWA oOnepaumin C yCTPOUCTBOM

OBpaiuenus k yctpoiicream B spaiiBepax YCTPONCTB OCYILECTBIISIOTCS C MOMO-
Wblo  yHUBEpPCANbHOrO MexaHusma narxemog sanpocod — IRP (/0 Request
Packet). IRP moxHO npencrasuth B BUIE CTPYKTYPbl, B KOTOPYIO BKJTOUAETCS BCS
Heobxoanumas HHGOpMaLMs s OCYLLECTBIIEHHS OrlepaLum ¢ ycTpoicTaom. [laker
3anpoca GopMHUpYyeTCs UCTIOSHUTENBHBIM MOZYJIEM ONEpPaUMOHHON CHCTEMBI, BEp-
Hee, Meneooicepom 6600a-6b1600a ITOrO MOYJNIS, KOTOPbIH 1O THIY OBpalleHus 13
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MOJIb30BATENLCKOH NporpaMMbl (OTKPbITHE, 3aKPbITHE, UTEHHE MW 3alHCb) Onpe-
JICNIET, 4TO JO/MKHO coaep)kaThcsl B nakeTe 3anpoca IRP. Menemxep BBoaa-
BbIBOAA SIBJISETCS BaXXHbIM MPOrPaMMHbLIM KOMIOHEHTOM, OCYLUECTBIISIOIHM
B3aMMOJICHCTBHE MPOrpaMMbl MoOJb30BATENs M ApaiiBepa ycTpoiictsa. MeHeaxep
BBO/1a-BbIBO1a —— 3TO 00001LEHIIOE HA3BAHWE CUCTEMHBIX CEPBHCOB M MPOrpamm,
OCYUIECTBAAIOLMX (POPMHUPOBAHHE CTAHAAPTHLIX NakeToB 3anpocos (IRP) k apaii-
Bepy ycrpoiicTsa, Oydepuzaumnio AaHHBIX BBOAA-BbIBOAA YCTPOICTBA U CHHXPOHU-
3alMIo ouepeaeii BBOAa-BLIBOMA. 3aMeuy, 4TO NPOLECC BLINOJIHEHHS 3aNpoCcoB Ha-
MHOro Gonee CIOMEH W BKIKOYAET JAOMOJHUTENbHbIE LIAIW, HO AN SCHOCTH
U3JIOXEHUS 5 a0 NOCJIE10BaTCAbHOCTD LIAroB B yNPOLEHHOM BHUAE.

PaccMOTpHM, UTO MPOMCXOAMT, HAlNPUMEP, MPH MOMBITKE 3aMMCH JaHHbIX B YCT-
pOICTBO U3 NpOrpaMMbl NoJb30BaTens ¢ nomouibio GyHkUMK WIN APl writeFile
(npeanonaraem, YTo YCTPOHCTBO Y>KE€ OTKPLITO C MOMOLUBIO (DYHKLIMH CreateFile
M NOJTy4YeH €ro AEeCKpUNTOp):

1. MeHemxep BBOLA-BbIBOJA MCMOTHUTENILHOIO MOAYJISl ONPEACIAET, YTO HYIKHO
nepeaaTth OnpeaeselHoe KoJMuecTBo 6aiTOB AaHHBIX B YCTPOMCTBO, M HaYUHa-
et (opmupoBars naket 3anpoca IRP, vHHUManu3upys nons 3ToH CTPYKTYpbi
OrNpeAeNneHHbLIMH 3HAYEHUSIMH Y aJpecaMH.

2. MeHemxep BBOAA-BbIBOAA BbI3bIBAET (PYHKLMIO, ONpeAeSieHHYIO BEKTOPOM
IRP_MJ_ WRITE, kortopas 6yaer obpabaTuiBaTh naHHbii 3anpoc. B kauectse
napamMeTpoB 3TOM  (pyHKUMHM mnepenaroTes  ykasaTenb Ha  CTPYKTYpY
DeviceObject, CBSI3aliHYIO C yCTPOWCTBOM. M YKa3aTesb Ha nakcr 3anpoca IRP.

3. M(:‘HCLI)KCp BBOAA-BbIBOAA OXHWIOAET 3aBEPLUCHUWS BbINOJHECHHA 3anpoca v BO3-
BpauaeT CtatyC onepauru nporpamMme rnojib3oBaTens.

[Ipy BbINOMHEHUM oNepaulMM YTEHHS AAHHLIX W3 YCTPOICTBA MOJIL30BATENbCKOE
MpHUIOKEHHE BbI3bIBACT (PYHKLHIO ReadFile. MeHemkep BBOAA-BbIBOJA TaKXkKe
¢dopmupyeT naker 3anpoca IRP, HO ans BbIMonHeHHs 3TOro 3anpoca Bbi3biBAeT
¢yskumto ¢ kogpom IRP_MJ _READ. INocne Boinontexust 3anpoca Mexemkep BBO-
[a-BbIBOAA, KPOME CTaTyCHOH MH(OpMauWH, NepeaacT NpUI0NEHHIO TIoNb30BaTe-
N5 1aHHblE (€CIM YTEHHE JAHHBIX U3 YCTPOMCTBA ObINIO YCTEIHBIM).

[To cxoxeii cxeme BBIMONHAETCS OTKPbITUE YCTPOHCTBAa (yHKLMEH CreateFile
(kon ¢yukumn IRP_MJ CREATE) u 3akpbiTHe yctpoiictBa (koA (yHKUMH
IRP_MJ_CLOSE).

3T0 BecbMa yNpOUICHHbIA MPHUMEp B3aHMOJEHCTBUS NMPOrpaMmMbl MONb30BATENS H

yCTpOﬁCTBa BBOJAa-BLIBOAA, HO BCE K€ OH J1a€T ONpEACNCHHOEC MNPEACTABICHHE o
MEXaHU3MaX TaKoro B3aMMOAECHCTBUS.
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BMcCTO (PYHKUMH ReadFile() M WriteFile() UMEETCS BO3MOMKHOCTb MCIMONb30-
patb WIN APIl-Qynkumio beviceIoContrel (). C 1HOMOUIBIO 3TOM (hYyHKLIMK MOX-
HO MOCNaTh YCTPOMCTBY KOA KaKOH-11M00 onepaumu. He TOJbKO 3a1IUCH WK YTCHUS
JAHHBIX. HO TarKe 000 jpyroi Ko/, Ha KOTOPbIH yCTPORCTBO MOMKET pearupo-
paTb. DTO paclUMpsSeT BO3MOXKHOCTH OMepaLrii BBOAA-BbIBOAA, HO TpeOyeT, UuTOOb!
gpaiisep ycTpoicTa mor obpabaTbiBaTh Takue Kobl. B Hawmx nocneayioumx
npyUMEpPax Mbl OyAeM HCMOJBb30BATL UMEHHO (PYHKIIMIO DeviceToControl (}.

Ha 3TOM TeopeTHuecKyto 4acTb OCHOB pa3padoTku NT-11ono6HbIX qpaiiBepoB ycT-
pOMCTB Mbl 3aKOHUYHM. 3aUHTEPECOBAHHBIX B AaJibHENLIEM H3YUEHHH TEXHUKH Ha-
nucatiusi ipaiBCpoB MOrY OTOCJTAThb K JOKYMEHTalMu, BXOAALIEH B COCTaB
Windows DDK.

Cefiyac Mbl Ha MPAKTUKE [OCMOTPUM, KAK MOXCHO peajiM30BaTh MPOCTEWILUIN
ApaiiBep yCTpOWCTBa A HaIEro acHHXpOHHOro mnpuemoncpenaryuka UART
Bce, uTo HaM HY>XHO OT ApaiiBepa — 3TO TO, 4TOObI MOXCHO ObUIO 3anucaTh JaH-
Hble B PETUCTP U [IPOUMTATL UX K3 PETUCTPA.

Haur nporpammHblii npoekT 6yAeT cocTofTh M3 ApaiiBepa yCTpoicTBa, NOCpeacT-
BOM KOTOPOTO MOJb30BaTENbCKOE NMPUIOKEHHE OYACT nocbulaTh YCTPOWCTBY KO-
MaHObl, U COOCTBEHHO IporpaMmMbi nosb3osarens. B nporpamme nonn3osatens
ans obpaileHusi K ycTpoicTBy Mbl OyneM ucnoab3oBaTh (ynkuunio WIN API

DeviceIoCcntrol.

Jns cozpanus nparisepa ycrpoiictsa Windows Ha KOMIbIOTEpe JO/DKEH ObITh yC-
TaHoBnen naketr Windows DDK (Driver Development Kit) ¢upmbr Microsoft, ike-
natenbHO MoOCneAHed BepcuH (Ha MOMEHT HanMcaHWsi KHWIM TaKOBOW siBJsiach
Bepcus 2003 SP1). DToT nakeT BKAKOYAET BCe HEOOXOMMMbIE CPEICTBA U1 pa3pa-
0otk u omiagku apaitsepoB. Kpome TOro, Hyto MMETh 110J PYKOH XOpOHINiA
komnuastop C/C++ (nopoiiner GecnnarHas Bepcust Microsoft Visual Studio
Express Edition) muist paspaboTku NpUnoKeHH1s U1 TeCTUPOBaHUs apaiiBepa.

Kpome Toro, cam apaiisep ycTpoiicta 1omkeH GbITh NPOMHCTAIMPOBAH B Ofepa-
UHOHHOW cucTeMe. MOXHO YCTAHOBUTL JipaiiBep, HanmucaB HeOObLLYIO Mporpam-
My yCTaHOBKH, HO AJif 3TOrO MpUAETCS H3yuuTh MpUHUMNBbI pabotul Metiemxkepa
YCTaHOBKH cHcTeMHBIX cepBUcOB (SCM — Service Control Manager). Tloatomy
N8 ycTaHOBKM W ynaneHus apaiiBepa Jydlle MCMOIb30BaTh OAHY M3 MHOKECTBA
YTHUIUT, CChIIKM Ha KOTOpbIe NpuBoasTcs B MuTepiere. MOXHO NIPUMEHUTHL OY€eHb
YDOOHBIN MHCTANATOP, OCTYNHbIN Ha caiite www.beyondlogic.org.

Hexonneiit Teker IpaiiBepa Hy>XHO coxpauuTh B ¢aitne comdriver.c. Cam ucxos-
HbI TEKCT, KOTOpBIA Mbl JETAIbHO MPOAHATU3UPYEM, MPUBOAWTCS B JIMCTHH-
re 3.10.
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IN PIRP Irp)

IoCompleteRequest (Irp, IO NC INCREMENT) ;

return STATUS SUCCESS;

{
Irp->IoStatus.Status = STATUS SUCCESS;

NTSTATUS
comdevice Close (IN PDEVICE OBJECT DeviceObject,

IN PIRP Irp)

{
Irp—->IoStatus.Status = STATUS_SUCCESS;
IoCompleteRequest (Irp, IO _NO_INCREMENT) ;

return STATUS_ SUCCESS;

NTSTATUS
comdevice IOCTL (IN PDEVICE OBJECT DeviceObject,

IN PIRP Irp)

PMY DEVICE EXTENSION dx
(PMY_DEVICE_EXTENSION) DeviceObject->DeviceExtension;
ToGetCurrentIrpStackLocation (Irp);

PIO STACK LOCATION pIloStack
pIcStack->Parameters.DeviceloControl. IoControlCede;

ULONG ctlCode

PUCHAR pBuf = (PUCHAR)Irp->AssociatedIrp.SystemBuffer;

NTSTATUS status;

switch (ctlCode)
{
case IOCTL WBYTE:
Rt1lMoveMemory (&dx->Addr,
pBuf,
2);

Rt1MoveMemory (&dx—->Data,
pBuf+2,
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1);
_outp(dx->Addr, dx->Data);
case IOCTL RBYTE:
Rt1lMoveMemory (&dx—->Addr,
pBuf,
2);
dx->Data = _inp(dx->Addr);
Rt1MoveMemory (pBuf,
&dx->Data,
1);
Irp->IoStatus.Information = 1;
}
Irp->IoStatus.Status = STATUS_SUCCESS:;
ToCompleteRequest (Irp, IO NO_INCREMENT) ;
return STATUS SUCCESS;
}

NTSTATUS
DriverEntry (IN PDRIVER _OBJECT DriverObject,
IN PUNICODE_STRING RegistryPath)

PDEVICE OBJECT DeviceObject:
UNICODE_STRING NtDeviceName;
UNICODE_STRING DosDeviceName;
NTSTATUS status;

RtlInitUnicodeString (&NtDeviceName, NT DEVICE NAME) ;
status = IoCreateDevice (DriverObject,
sizeof (MY_DEVICE_EXTENSION),
&NtDeviceName,
FILE_DEVICE UNKNOWN,
a,
FALSE,

&DeviceObject) :
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Jlis 00bABNEHUs 00CUX KOMAIL 1 UCTIONb3YETCs MAKpOC CTL_CODE:
$define IOCTL W3YTE CTL_CODZ (FILE DEVICE_UNXNOXN, \

0x801,\

METHOD_BUFFERED, \

FILE_ANY ACCESS)

#define TOCTL RBYTE CTL CODE(FILE_DEVICE UNXNOWN, \

Ox802,\

METHOD BUFFERED, \

FILE_ANY ACCESS;
BTopoii napameTp koMaHi 10JKeH ObITb YMCIOBBIM M ApeBbiiLaTh 3uatucHue 0x800
(nosib3oBarenbekuil auanazon). Hanomuto, uto koaul IOCTL-komaHa, a Takxe HUX
arpudyThI B NPUJIOKEHHH U B jipaliBepe A0/DKHBI COBMaiaTh. OOpaTuTe BHUMAHME Ha
T0, 10 B Koge IOCTL-koManmasl ykazan Oy(epr3oBalHbid MeTOT AaHHBIX, T. C. MPH
nepeaave AaHHbIX OT YCTPOHCTBA K ApaiBepy W Haobopor MeHekep BBO/1a-BbIBO 1A
BbLIEIHUT OY(ep 1HaMATH 1151 BpEMCHHOTO XpaHeHUsi 1aHHbIX.

Ctpokw

#define NT DEVICE NAME L"\\Device\\comdevice"

#define DOS DEVICE NAME L\\DosDevices\\comdevice

B ¢opmare UNICODE onpeaensior umst yerpoiictBa (comdevice). kK KOTopoMmy
OynyT BbInoausThCs oOpauleHus. CTpoka NT DEVICE NAME YKa3blBaeT MMsi yCT-
pOMCTBA TaKWUM, KaKMM OHO JIOJUKHO ObITh B NIPOCTPAHCTBE MMEH OrflepaluOHHON
cuctembl. KoOHCTaHTHas CTpoka DOS DEVICE NAME HY)KHa [71s TOro, 4TOObI
WIN API-pyHKkuus CreateFile () B NPUI0KEHHH NOMb30OBATC IS MOMIA 00paTHTh-
cf K JaHHOMY YCTpOHCTBY. (DYHKLMS CreateFIle() "He BUAMUT" YCTPOMCTBO, OM-
peaensemMoe uepe3 KOHCTaHTY NT_DEVICE NAME, HO ApaiiBep ycTpoiicTBa obpaiya-
€TCS K YCTPOMCTBY KaK pa3 Mo 3TOMY UMCHH.

Y1ob6b1 pa3pelmThb 3TO npoTUBOpEUHe, MCMOoNb3yeTcs (hyHKLMA
IoCreateSymbolicLink. KOTOpas CBS3biBaeT 00a UMEHH.

Jns xpaneHus aaHHbix B apaiiBepe npumMeHsiercs odonacth pacuunpenus (Device
Extension), koTopas onpeaeascTcs cieayouidmM odbpa3zom:
typedef struct MY DEVICE FXTENSION
{
USHORT Addr;
UCHAR Data;
} MY DEVICE EXTENSION, *PMY DEVICE EXTENSION;
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B cTpykType MY DEVICE EXTENSION OMpe/lefieHbl ABC lIepeMeHHbIe: Addr H Data.
[TepeyeHHas Addr pasMepoM B ABa OaiTa COACPXKHT alpec perucrTpa yCrponcTsa.
K KOTOPOMY BBITIONHAIOTCS OOpallcHUs. a GalToBas nepenMeHHas Data COAEPKUT
[TaHHbIC, KOTOPbIE HY>KHO 3aMucaTh B PCTUCTP Addr WK MPOYHTATH UX U3 HCTO.

Hanowmuto, uto npaiisep Windows npencrapiser coboit nporpamyubiii "KOHTCH-
Hep", cojlepKallimii JaHHbIE, CTPYKTYpPb!, (hYHKLMK 00padOTKH 3arpocoB ¢ KOAaMH
IRP_MJ_xxx, a Takxe (GpYyHKUMIO MHULIMAIM3ALUMK Driversntry.

Bcrnomuun, uto kaxabld apaiisep o6padaThiBa€T TOSILKO TC NAaKeThbl 3aIIpOCOB.
KOTOpble MPOrpaMMUCT IS Hero onpeaenyi. B naiues cnyuae apaiiBep aosikeH
obpabarbiBaTh 3anpocul IRP_MJ CREATE, IRP_MI CLOSE,
IRP_MJ_DEVICE _CONTROL u Unload. ®yukuus Unload Beirpyskaer apaiisep
M3 cUCTeMbl U 00pabaThiBACTCS HECKOJILKO MHBIN CIOCODOM. Ye€M MAKEThl 3arpo-
coB (B WDM-ppaiiBepax 3ta (hyHkums BoobLue He Ucnonb3ycres).

Kak BMAHO M3 MCXOLHOrO TekcTa apalBepa, 3aech HMmeeTes  (hyHKUMS
DriverEntry, KOTOPas BbINOJIHACT HHULMANU3ALMIO JpaiiBepa Mpu cro 3amnycke. U
Habop dyHkumii, koTopble odpadarbiBatoT 3arnpocel IRP, dopaupyenbic Menea-
)KEpoM BBOJA-BbIBOJA MCIOJIHWTEABHOIO MOYJIS ONepalMoHHOM cucTenbl. Hau
Apaiiep nosKkeH 0O6padarbiBaTh ClIeAYIOLLHE MAKCTbI 3a11POCOB:

O otkpseiTHe yerpoiicTea (Gytkums ¢ kogom IRP_MJ_ CREATE);
O 3akpsiTHe ycTpoiicTBa (¢hyHkuus ¢ kogom IRP_MJ CLOSE):

O 3anuch AAHHBIX B YCTPOMCTBO M UTEHHE AaHHLIX U3 YCTpoHcTBa ((hyHKUMs €

koaom IRP_MJ DEVICE _CONTROLY);
O ynanenue apaiiBepa u3 cuctemsl (pyHkums ¢ kogom DriverUnload).
[TpoaHasu3upyem onepaLuH, KOTOPbIC BbINOAHACT Kaxaasi M3 3TUX (PyHKUMH, K
HauneM ¢ Qynkuuu IRP_MJ CREATE, nporpammibii koA KOTOPOH NpHBEICH
nanee:
NTSTATUS
comdevice Create(IN PDEVICE OBJECT DeviceObject,

IN PIRP Irp;

Irp->IoStatus.Status = STATUS_SUCCESS;
IoCompleteRequest (Irp, IO NO INCREMENT) ;
return STATUS_ SUCCESS;
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[lepsoe, 0 4eM HyxxHO ynoMsHyTb — Bce (pyHKUMM-00pabOTUHKK NAKETOR 3alIpo-
COB MPUHUMAIOT Ba NapameTpa — alapec CTPYKTYpbl DEVICE OBJECT YCTPOMHCTBa
¥ ajipec nakerta 3anpoca PIRP. O0a napaMeTpa coaepikar nosis, Kotopbie (PYHKLMs
MOXKET MCMONL30BaTh npu obpaborke 3ampoca. Hawa ¢dyHkims-oopadoTumk
comdevice Create, Kak W rnpouve (GyHkuuH 00pabOTKH 3anpoCOB. BO3BpaLlacT
COCTOsIHiME BBIMONHEHUs 3arpoca B NepeMeHHON Tuna NTSTATUS. B aToit ¢yHkumu
BbITNOJIHSIETCS] HECKOMbKO CTAHAAPTHBIX JCHCTBUI NPH BLINOIHEHWH 3anpoca ¢ KO-
nom IRP_MJ CREATE.

B none status nakera 3anpoca 3aHOCMTCS 3Ha4Y€HHe STATUS SUCCESS, KOTOpPOE
3aTeM Oy/JeT BO3BPALUCHO MPUI0XKEHHIO KaK CBHIETENbCTBO YCMELHO BbINOJIHEH-
HOI onepaunH. MyHKUMS IoCompleteRequest 3aBepluaeT oOpaboTKy nakera 3a-
npoca. Cama ¢yHKUMs BO3BpAILAET 3HaUCHUE STATUS SUCCESS.

TouHo Tak ke paboTaer U (yHKUMS comdevice Close. KOTOpasi BbI3bIBaeTCs
¢ynkuneir WIN APl CcloseHandle () mpu 3aKpbITHM ACCKPUNTOpPA YCTPOWCTBA B
MoJIb30BATENbCKOM MPUIOKEHHH M cooTBeTcTBYeT 3arnpocy IRP_MJ_CLOSE.

nporpaMMHblﬁ Ko (hyHKUHU comdevice_Unload NOKa3aH gajnee:
VOID
comdevice_Unload (IN PDRIVER_OBJECT DriverObject)
{
UNICODE_STRING DosDeviceName;
Rt1lInitUnicodeString (&DosDeviceName, DOS DEVICE NAME);
IoDeleteSymbolicLink (&DosDeviceNamne) ;
IoDeleteDevice (DriverObject->DeviceObject) ;
}
DyHKUMS BHIMONHAET OMepaLu, HEOOXOAUMbIE /Ul NONHOrO yAasleHus ApaiBepa
YCTPOHCTBA M3 CUCTEMbE: Y1A/IS€T CUMBOJMUYECKYIO CCbUTKY Ha YCTPOHCTBO. O KO-
TOPOH Mbl YNOMHHa/H paHee (IoDeleteSymbolicLink()), M yAansieT YCTPOHCTBO
U3 cUCTeMbI (IoDeleteDevice () ).

Camas ciioxxHas no cTpykrype hyHKUMS comdevice IOCTL, KOTOpas oOpabaTbipa-
et 3anpoc IRP_MJ_DEVICE_CONTROL. B npuiioxkeHud nonb30BaTess 3TOMY
3anpocy COOTBETCTBYIOT BbI30Bbl (DYHKLHH DeviceIoControl () MpPH 3aMUCH JaH-
HbIX B YCTPOMCTBO M YTEHWH JaHHbIX W3 ycTpoicTBa. s ynodcra padoTsl B 3TOH
(byHKUMM onpeaeseH Lebli paa NepeMeHHbIX:

PMY DEVICE EXTENSION dx = (PMY_ DEVICE EXTENSION)DeviceObject-
>DeviceExtension;
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PIO_STACK_LOCATION pIoStack = IoGetCurrentlIrpStackLocation{irp);

ULONG ctlCode = pIoStack->Parameters.DeviceloContrcl.loContrclCede;

PUCHAR pBuf = (PUCHAR)Irp->AssociatedIrp.SystemBuffer;

[lepemeHHas dx Hy>kKHa A/t AOCTYMNa K 00NaCTH pacLIMPEHUs ApaiBepa YCTPOMCT-
Ba. B KOTOpO# OynyT xpaHutbes aapec Addr peructpa UART u pannbie Data ins
3allMCH MM YTEHUS U3 3TOro peructpa. IlepemeHHnas ploStack NO3BOAsET Moy~
UMTb AOCTYN K OONnacTH creka jpaiiBepa, B KOTOPYIO 3arMChIBAETCA pa3jiMuHast
uHopmaLHs, nepelapaeMasi BMECTe C 3anpocom. Ykasarenb pIoStack Nporpam-
Ma nosy4aet ¢ nNoMOUIbIO ¢yHKunM IoGetCurrentIrpStackLocation, napamer-
POM KOTOpPOH SIBASETCS allpec MaKeTa 3anpoca Irp.

B nanHOM cnyuae Hac OyneT uHTepecoBaTh koa komaHa 3anucu-utenus IOCTL.
KOTOPbI XPaHUTCS B MEPEMEeHHON ctlCode. Kpome Toro, s yaodcTra paboTh
Mbl MCNOJIb3YEM MEPEMEHHYIO pBuf, YKa3biBaIOLLYIO HAa CHCTEMHBbIA Oy(ep naH-
HbIX, B KOTOPOM MeHekep BBOAa-BbIBOAA OYIET XpaHUTh JAaHHbIC.

Hanee B onepatope switch aHanusupyercs IOCTL-koa onepauuu v BbINOSIHAIOTCS
COOTBETCTBYIOLLME eicTBUA. Ecin kon paBeH IOCTL _WBYTE, TO BbITMOIHSETCS 3a-
nuch Oaifta naHHBIX B PErucTp, a eciau Ko paBeH IOCTL_RBYTE — TO uTeHue. J{ns
KONUPOBaHHS JaHHBIX M3 CHCTEMHOI 00;acTh B obnacTh pacluvpeHust Apalisepa u
Hao60pOT Hcnonb3yeTcst PYHKLUMA Rt 1MoveMemory. Elle OAMH BaXKHbI MOMEHT: MpH
UTeHHWH [aHHBIX U3 YCTPOMCTBA MPHIOKEHHIO NOSHDKHO BO3BPALUATHCS KOJMUECTBO
NpouMTaHHbIX 0aiTOB (nosne Information CTPYKTYphl Irp). Onepauuu urenus-
3aMyCH BHIMNOHAOTCS C MOMOLLBLIO (DYHKUMI _inp U _outp Oubnmoreku C.

@DyHKUMS DriverEntry BbI3bIBAETCS OAMH pa3 ONEPaLMOHHON CUCTEMOH NpH UHU-
uvanusauuu apaisepa ycrpoicrBa. DyHKUMM NEpelacTCs CCblilka Ha CTPYKTYpY
DriverObject, CO3JaHHYIO IS HEE OMEpPaLMOHHOW CHCTEeMOW (TCpBbid napa-
METp), U yKa3aTesb Ha KJIIOY JaHHOrO ApaiBepa B CUCTEMHOM peecTpe (B 3amucsX
3TOro KJouya MOXKHO XPaHHMTb WM W3 3anuced M3BieKaTb MpH HeoOX0aMMOCTH
KaKHe-TO [OMNOJHUTENbHbIE NapamMeTpsl). 3Ta (QYHKLMS NOCIEA0BaTENbHO BbINOJ-
HSAET TakHe LWard (BAAIOTCA CTaHJAPTHLIMU JUls 3TOTO KJjlacca ApaiBepoB):

1. MHuumManu3mpyercsi KOHCTAHTHAs CTPOKA C MMEHEM YCTPOHCTBA B MPOCTPAHCT-
BE MMEH ornepaLHOHHOH CHCTEMBbI (PpyuKimMs
RtlInitUnicodeString (&NtDeviceName, NT_DEVICE_ NAME)).

2. Co3pnaetcs nporpamMMHbIii OOLEKT OMUCAHUS YCTPOMCTBA MpPH MOMOLUM (hyHK-
UMM IoCreateDevice(). Ecinn obbekt yCTpOﬁCTBa co34aTh HC YAAIOCH, TO
byHKuMs 3akaHuMBaeT paGoTy ¢ OLIMOKOMN, KO/ KOTOPOii nepejaercs B liepe-
MEHHOM status, a caM 0OBEKT YCTPOICTBA yaalsieTcs.
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3. UnuuumanuzupyeTrcss KOHCTaHTHasg CTpOKa ¢ UMEHEM YCTPOHCTBA B NPOCTPAHCT-
BE  WMEH, [JOCTYMHOM  TNOJjb30BaTeNbCKOH  mporpamme  ((yHKUMs
RtlInitUnicodeString (&DosDeviceName, DOS_DEVICE NAME)).

4. Cospaercs cumBonuueckas ccbiika DOS-uMeHH Ha UMst U3 NPOCTPaHCTBa UMCH
OMepaLHOHHON CHCTEMbI AS JO0CTYNa K YCTPONCTBY M3 MPHUIAOKEHHS NOJB30-
Bareiass  (QyHkUMS  status = IoCreateSymbolicLink (&DosDeviceiame,
&NtDeviceName)). B ciyyae Heyaauu CUMBOJIMUECKAS CCbUIKA M OOBLEKT YCT-
po¥icTBa yaanstores, a QyHKUMS DriverEntry 3aKaH4YMBAETCS C OLIMOKOM.

5. VYcraHaenuBatotcs uiaru ycTpoiicTaa.
6. Onpeaensitorcs GyHKUMH-0OpAOOTUHMKM MAKETOB 3aMnpoca.

B ¢yHKUHU DriverEntry HE CiECAYET NbITATLCH BLINONHUTL Kakue-nnbo onepauuu
Mo BBOJY-BBIBOJLYy — MPOrpamMMHbIii KOA 3TOH (yHKUMHK nociie BbINOJHEHHS yia-
JIACTCA CUCTEMOMN M3 NamsTH.

Jns koMnuasumu v cOopku npaiiBepa yCTPOHCTBA C/IEAYET BBIMOIHHUTE HECKOIbKO
waros. Bo-nepebix, B Katasnor, rae HaxoauTcs ¢aii ¢ UCXOAHbIM TEKCTOM (B AaH-
HOM ciiydae 310 comdriver.c), moMecThM elte 1Ba aiina: makefile u sources.

Hanmuue stux daitnos 06s3aTenbo — ¢ MX MOMOLUBIO KOMIUJISTOP cO3JacT (ec-
MM HeT OWHMOOK B HMCXOAHOM TekcTe) ain apaiiBepa yCTpOWCTBa C MMEHEM
comdriver.sys. Cmbicn 3anuceil B 3TuX (ainax s oObIACHATL He Oyay — 3TO BCe
ecTb B IOKyMeHTaUuH. Bl MoxeTe mpocTto B3sTb MoOylo napy 3tux ¢aitnos u3
KaTaJoroB, B KOTOPbIX HaXOASTCS MPUMEpbI, U U3MEHWTb UMs (aiilna B sources
ClenytoluM 00pa3oMm:

# The sources for the device driver:

TARGETNAME=comdriver

TARGETPATH=0bj

TARGETTYPE=DRIVER

INCLUDES=. .\

TARGETLIBS= $(DDK LIB PATH) \wdmsec.lib

SOURCES=comdriver.c

[Tocne atoro BbiOepuTe KOHCOABL Ans 3anmycka komnunstopa B cpeae Windows
DDK, Hanpumep, Windows XP Checked Build Environment, u nepeiiaure s
KaTaJor, rie HaxolsTces Bawu pabouue daiinbl. 3ateM HabepuTe KOMaHIy

build -cez
Ecnu B ucxonHom tekcre daiina comdriver.c HeT olIMOOK, TO OH OYAET OTKOMITH-

nupoBaH ycnewHo. Komnunstop nomelnaer ¢aiin npaiisepa comdriver.sys B OT-
JenbHeld KaTanor. B nawewm cnyuae 3o \objchk wxp x86\1386.
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#define ICCTL_RBYTE CTL_CODE (F1LE DEVICE UNKNOWN, \

#define PORT1

struct rwData {

0x3F8

unsigned short Addr;

char Byte;

)i

struct rwData mydata;

char dataWrite;

HANDLE fh;
DWORD bytes;

0x802,\
METHOD_BUFFERED,\
FILE_ANY ACCESS)

void WritePort (unsigned short Port, char data)

{

)

void main(void)

{

mydata.Addr
mydata.Byte

Port;
data;

DevicelIcCentrol (fh,

return;

IOCTL_WBYTE,
&mydata,

3,

NULL,

G,

&bytes,
NULL) ;
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GENERIC READ | GENERIC WRITE,
FILE SHARE READ | FILE SHARE WRITE,
NULL,

OPEN_EXISTING,

0,

NULL) ;

if {(fh == INVALID HANDLE VALUEZ)

{
printf("Can't cpen device!\n");
return;

!

printf ("Enter chars, ESC to exit...\n");

do

‘

{
if (_kbhit ()}
{
dataWrite = getch();
WritePort (PORTL, datawWrite;;
}
} while (dataWrite != 0x1B);

CloseHandle(fh) ;

B nauane nporpammbl cneayer onpeaeints koibl [OCTL-komaH, 1. KoTopbic OyayT
MCHOJIL30BaThCA (YHKLMEH DeviceIcControl Mpu oOOpallleHHH K VCTPOHCTBY
comdevice. DTH KOMaHAbl (IOCTL_WBYTE M IOCTL_RBYTE) JODKHLI COOTBCTCTBO-
BATb TeM, KOTOpbIC OblAK onpenesicHbl B Haulem apaiiBepe comdriver.sys. unaue
nporpamma padoTaTb He OyIeT.

B nporpamme Takke onpejesisicres CTpyKTypa rwdata, coAacpikalias nosis dds 1
Byte ans xpaHenus aapeca pervcrpa UART u Gaitra panubIX. Aapec nepeMcHHoi
mydata THIIA rwData Oy/JCT mnepeaaBaThcsi B KauyecTBC rMapamerpa (yHKUMM
DeviceIoControl npu 3anucH JaHHeix B ycTpodcrso UART. ®yukims
WritePort 3anuchiBaeT OaWT gaHHbBIX, NepeAaHibli el B KaYeCTBE OAIOro M3 rna-
pameTpos, 1o aapecy, ABasioleMycst BTOPbIM napameTpon. B nporpasivc onpeie-
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JIEHA KOHCTaHTa PORT1, KOTOpOi npucBoen 6a3oeblid anpec nopra COMI. pasnhblii
0x3F8.

[IporpammMa MpUHUMAET CUMBOJIbI, BBCAEHHbBIE C KOHCOIM, U OTIPABASET HX MpPO-
rpaMme-TepMuiiany, 3anyLeHHol Ha 3Toi xe matunte. Ilepeaaua cumsosnos npo-
MCXOJAMT [0 TeX MOp, MOKa B MOTOKE BBEAEHHLIX AAHHBIX HC MOMAJETCS CHUMBOJI
ESC. UTobObl noayuuTe J0CTYN K YCTPOICTBY comdevice, HCNONb3YETCs (PYHKLIMUS
WIN API createrile().

Tpu KeaaHUM YUTATENW MOTYT PacClIHPUTL BO3MOKHOCTH 3TOTO MPHIIOKEIHS, [10-
0aBUB. HanpuMep, NPOrpaMMHbIH KO U UYTCHUS MAAHHLIX C TPOrpamMMbl-
Tepmunana. Hanomuio, uto ans nposepku ycrporcrsa UART Beiroant TxD u
RxD nocnenoBare;1bHOro nopra j{0JKHbI ObITh COCAMHEHbI BMECTE.



MABA 4

MporpammunpoBaHue
nocnegoBartesibHOro nHtepdenca
B onepaumoHHbiX cucrtemax Windows

[Tocsie1oBaTENLHBIM IOPT KOMMBLIOTCPIOH CHCTEMbI OTHOCHTCSL K KOMAMYIHKAIIH-
OHHBIM pecypcaM — (M3HUCCKUM MM JIOFMUECKUM YCTpOiicTBam, odecrcunBalo-
UMM OOMECH JIaHHBIMK MOCPEICTBOM OTACIBHOrO ABYHANPABICHHOr0 aCHHXPOHHO-
ro NOTOKa JaFHbIX.

PaccMOTpUM HEKOTOpBIC TEOPETHUECKHE acnEeKTbl 00PabOTKH MaHHBIX B KOMMY-
HHUKALMOHHbBIX YCTPOHCTBAX — OHM He TONBbKO O4€Hb BaXKHbl MPH aHaIM3C roce-
LOBaTeJIbHOTO Mopra, HO W MO3BOASIOT HOHATH OCHOBHbIE MPUHLIMIILI BBOJA-
BbIBO1a B OficpauMoHHbIX cuctemax Windows. I1puinumnuaibHo BBOI-BLIBOA fMal-
HBIX MOXET ObITb cunxponivial (ONOKMPYIOLWIMM) WK acunxponisiy (HeONoKH-
pytownm). [Mpu GnokupytouleM BBOAC-BbIBOJE NPOUCCC OXKM/IACT 3aBCPIICHUS
oricpaiiMu ¢ AaHHbIMH, OJIOKMPYS BBINOJHCHHUC OCTATbHOW 4acTH MpOrpaMMHOro
KoAaa, rpu HeGIOKHUPYIOLEM BBOJEC-BbIBOJIE OOMEH JaHHLIMU BbINONISETCS Napail-
NeAbHO C NMPOrpaMMHbBIM KOAOM OCTaJIbHBIX HacTeH NporpamMmmsi.

[Tporpammuas peannsaiius acCHHXPOHHOTO peskMMa Ga3upyeTcs Ha UCHOIb30BaNMH
HECKO!ILKMX MPOrPaMMHbBIX TEXHONOIMH (MCMOIbL30BAHUE MOTOKOB, BBOA-BbIBO1A
¢ nepekpbiTHem (overlapped) unu noproB 3asepiuerus). C TOUKH 3PCHHUS HIPOH3-
BOAMTELHOCTH CHUCTCMbI Hanbonee 3h(HEKTUBHLIM M MPOCTLIM B PEaU3aLM1 sB-
JSETCS MHOTOMOTOKOBBIA METO/, KOTa U1 BbIMOJIHEHHS Olicpauli BBO1a-BbIBO1A
UCNOJB3yeTCs OTACAbHbIA NPOrpaMMHbIA MOTOK MM HECKO:AbKO notokos. Ilpu
3TOM B KaX0M M3 MOTOKOB MOXKHO HCIOJIb30BaTh OJIOKMPYIOLIHC (PYHKLIMHK BBO/A-
BbIBOJA, YTO YMNPOLLAET NporpaMmMupoBaHue. Bo Bcex nocneayrowux npumepax
NPOrpaMMHUpPOBaHUs MOCEA0BATENIBIIONO BBOJA-BbIBOAAa OyIYT MCIOJB30BATLCH
OMH WITH HECKOJIbKO JONOJIHUTCILHBIX NOTOKOB.
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printf("COM! baud rate is %d\n", dcb.BaudRate);
while (1)
{
WriteFile (hCom,
&cl,
sizeof (cl),
&bytesWritten,
NULL) ;
cl = ~cl;
Sleep (5000) ;
}
CloseHandle (hCom) ;
return;

}

[Mporpamma pabortaet ¢ noprom COMI nepcoHanbHoro komnsiotepa. lepen Bbi-
noJIHeHHeM JIHOObIX Onepauurii ¢ yCTpOHCTBOM WIM (painoM nporpavaa aoibkuia
OTKpPBITb 3TO YCTPOMCTBO M MOAYUMTH JECKpUNTOp (OnMcartesb) odbekTa, nocie
yero Bce AallbHeHLuue onepauny OyayT BbINOAHATLCS C JECKPUNITOPOM YCTPOMCT-
Ba. YCTPOMCTBO OTKPHIBAETCS C MOMOLUBLIO (DYHKUMH
hCom = CreateFile (pcComPort,

GENERIC READ | GENERIC WRITE,

0,

NULL,

OPEN_EXISTING,

0,

NULL) ;

Ilpu OTKpbITMH KOMMYHHKaLHOlHbIX HOpTOB B Windows HEoOX0AMMO yKa3blBaTh
PeXHM MOHOMOJBLHOrO AOCTYMa, YCTAHOBMB TPETHH napaMeTp (yIKUUH
CreateFile paBHbIM 0 1 yka3aB aTpuOyT OPEN_EXISTING.

B cnyuae ycnewHoro BoinonteHnys nepeMeHHas hCom THIMA HANDLE OyACT XpaluTh
AeckpunTop 0ObEKTa, KOTOPbI MCNOb3yeTcs AT 3anuck AaHHbIX B nopt COMI.
DyHKUMA GetCommState () MPUMEHsETCA Ans MOMyueHus uHdpopmaumu o6 ycra-
HOBJIEHHOM CKOPOCTH 0OMEHa MO HOCIeA0BATENLHOMY MOPTY.
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hCom = CreateFile (pcComPort,
GENERIC READ | GENERIC WRITE,
0,
NULL,
OPEN_EXISTING,
0,
NULL) ;
if (hCom == INVALID HANDLE_ VALUE)
{
printf ("COM1 opening error!\n");
return;

}

GetCommState (hCom, &dcb);
printf ("COM1 baud rate is %d\n", dcb.BaudRate);
printf ("Waiting for data from COM1...\n"):
do {
ReadFile (hCom,
buf,
sizeof (buf),
&bytesRead,
NULL) ;
if (bytesRead > 0)
{
buf [bytesRead] = '\0';
printf (buf); -
printf ("\n");
}
}while (true);
CloseHandle (hCom) ;
return;

}

Kak 1 B Win32-npunoxxeHun u3 npeablayilero rnpumepa, B 3Tol nporpamMme BHa-
yase oTkpbiBaeTca dain nocnenosarensHoro nopra COM1 ¢ nomouubio GpyHKUHH
Win APl createrile.
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buf: array[l..80] of Char;
BytesRead: DWORD;
begin

StrPCopy (DevName, 'COM1:');

ComFile := CreateFile (DevNamne,
GENERIC_READ or GENERIC WRITE,
0,
nil,

OPEN_EXISTING,
FILE _ATTRIBUTE NORMZL,
0):
if ComFile = INVALID HANDLE VALUE then
Exit;
while True do
begin
ReadFile{ComFile, buf, SizeOf{buf), BytesRead,
if BytesRead > 0 then
Writeln (buf};
end;
CloseHandle (ComFile) ;

end.

nil);

B stom npunoskennn ucnonssytorcs Win API-gyHkumu CreaceFile W ReadFile.
st Toro utoObt 3TH PyHKUMK paboTaik, B MPOrpamMy HysKHO BKJIIOUUTL MO1YJlb
Windows. Bhauane nporpamMma OTKpbIBACT KOMMYHHKALIMOHIIOE YC1POHCTBO
COMI ¢ nomoutsto PpyHKUMH CreateFile. [Tpn ycneiHoM BbINOJHEHHUH (Y HKIMH
B NepemMelHyI0 ComFile THMA THandle MOMCILACTCS AECKPUNTOP OTKPHITOIO VCT-
poiicTsa. [lanee npuioeHHEe B LMK while OXKHAACT MOCTYMACHUA CTPOKH Oaii-
TOB U3 MOCJELOBATEILHOIO NOPTa, KOTOPblIE YMTAIOTCS! (PYHKLHEH ReadFile B OY-
¢ep but. Ecnm KONMYECTBO MPUHSTBLIX OANTOB OTIMYHO OT HYJsl, TO COACP/KHMOC
buf BBIBOAMTCS Ha 3KpaH konconu. [lo 3aBepuieHnn padotsi Heckpuntop Gaiiia

HY>KHO 3aKpbITb YHKLHEH CloseHandle.
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begin
WriteFile(ComFile, cl, SizeOf(cl), BytesWritten, nil);
Sleep{10000);
cl:= not cl;

end;

CloseHandle (ComFile) ;

end.

Kak o00bluyHO, BHauajle fOCNEJOBATCAbHBIA MOPT OTKpbIBacTCA  (PyHKUHEH
CreateFile, a B MCPEMEHHYIO ComFile 3aMHCBIBAETCS AECKPHUITOP OTKPLITOrO
(paiina. 3anuch, GalTa cl BLINONHAETCS B UMKJIE while (PyHKLHEH WriteFile, NO-
cne uero 6adT uHBepTHUpyeTes. Liukn noeropsercs kaxavle 10 cex, H B MUKPOKOH-
TPOJIIEP KKAbIA pa3 nepeaaeTcsi HHBEPTUPOBaHHbIH OalT JaHHBIX.

B coctaB uHTepeiica NpHKIaAHOrO NMPOrpaMMHMPOBAHHUs BKIKOUYEH U pAA (YHK-
UM, MO3BOASIOLIMX BLIMOJIHUTL HACTPOHKY MapaMeTpoB KaHajla MocieloBaTe!ib-
Horo obMeHa JaHHbIMK. B yacTHOCTH, oueHb none3Hoi ans paspadoTurka sBaseT-
ca ¢yHkuMs  Win APl setcommState. OnHa  no3BojsieT  HACTPOWTDL
KOMMYHHKALUMOHHBIH KaHall B COOTBETCTBHM €O crieln(pUKaUMAMH, YKa3aHHbIMA B
ynpasnsiowiem 6j0ke ycrpoicTsa (CTpykTypa TMna DCB). C nomolubio hyHkumu
SetCommState MOXXHO NMEPEHaCTPOUTb 00OpyaoBaHKe 6€3 OUMCTKH BXOAHON Uau
BbIXOIHOW ovepenn AaHHbIX. DYIKUUS UMeeT clefy Ol CHHTaKCHC!

BOOL SetCommState (HANDLE hFile,
LPDCB 1pDCB) ;

3necb nepsbiid apamMeTp (GYHKUMH COLCPHKHUT AECKPUNTOP KOMMYHWKALHMOHHOTO
YCTpOMCTBa, KOTOpbIil J0/HKHA Bo3BpaulaTh (PYHKUMS CreateFile, @ BTOPOM Na-
pamMeTp — ykKasareiab Ha CTPYKTYpy DCB, MOJIi KOTOpOH comepiar WHQopMaurio
NAHHOr0 KOMMYHHKAaUWOHHOro ycrpoiictsa. [lpu ycrielnHom 3aBepuieHUH (PYHK-
UMK BO3BpaLlaeMoe 3HaueHue OyAeT HeHYJEBbIM, a Nnpu Heylaye (PyHKUUs BO3-
Bpawaet 0. B a3ToM cnyuae paclumpenHyio HH(OpMaLMIO O Xapaktepe OIIHOKH
MOJKHO MOj1y4HTb, BbI3BAB (PyHKLHMIO GetLastExrror.

Ecnu nporpamme neo6XxoanMo noMeHsTb TOJbKO HEKOTOpPbIE NapameTpbl Mmocie-
ZlOBATENIbHOrO KaHasa, To MOXKHO BbI3BaTb Win API-GyHKUMIO GetCommState, KO-
TOpas BO3BPALLAET 3aMO0JIHEHHYIO CTPYKTYpY THna DCB. Jlajiee MOKHO yCTaHOBHTH
TpeOyemble napamerpbl, OCTaBMB OCTalbHbie 0€3 u3MeHeHus. DyHKUUS
SetCommState 3aBepluaeTcs ¢ OLIMOKOM, ecnu nons XonChar M XoffChar CTPYK-
TYPbl DCB UMEIOT OAMHAKOBbIE 3HAUEHUS.
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PaccyMoTpHM Ha3HAUEHHE OTACABLHDLIX NOJIEI CTPYKTYpPbl DCB:

O bCBLength — nosie pasmepom 32 Oura. OnpeensieT passcp CTPYKTYPbl B
daitrax;

0 BaudRate — nosic pasmcpont 32 6uta. Onpeaensier cKopocTh 00AICHA Aaiiibi-

MH ¥ MOXKCT NMpUHHMAaTL OAHO H3 CIICAYIOUIHX 3HAUCHUM (3;’[6(:[» HHCT0 11ociie
CHUMBO.IA MOAUCPKHUBALIHS YKa3biBA€T HA CKOPOCTDL odMmena B 6!1'!"21){)3

e CBR_110 e CBR_14400
e CBR_300 e CBR_19200
e CBR_600 e CBR_38400
¢ CBR_1200 e CBR_57600
e CBR_2400 e CBR_115200
e CBR_4800 e CBR_128000
e CBR_9600 e CBR_256000

O fBirary — mojc pa3Mepom 32 Oura. Ecau 3naucnue noss pagHo TRUE, To
YCTaHaBaMBACTCS ABOWYUHBIM PEKHM 0OMEHA JaHHBLIMH (B ONCPALUOHHLIX CHC-
Temax Windows HHKakoH Apyroi pesxumM paboTel HC NOLACPKUBACTCS )

O frarity — none pasmepom 32 Oura. Eciu 3HaucHmMe 3TOro nosis YCTaHoBJICHO
B TRUL, TO BbINOJIHSETCS 1IPOBEPKA YCTHOCTH JAHNbBIX W FEeHEPUPYCTCS OTUeT
00 omunbKax;

O foutxCtsFiow — Moje pasmepom 32 dura. Eciiv 3Hauenue 3roro noss ycra-
noeneHo B TRUE, to Oyaet orcneskusarbes coctosue curuana CTS (Clear-
To-Send) npu annapatHoM KOHTpO:E HOTOKAa AaHHbIX. Eciu npu 3Haucluu
TRUE atoro nosist curnan CTS cOpacbiBaeTcs, To nepegaya JaibiX 1pUOCTa-
HaBs:BaeTcs 10 Tex nop, noka CTS ne Oyiet BHOBL ycTanosach B 1

O foucx — none pasmepon 32 6uTa. YKaspiBaeT Ha HEOOXOAUMOCTL UCIONB3O-
Bahus nporpamnitoro (XON/XOFF) ynpasicHUs NOTOKOM JaHHBIX IPU niepe-
nave gauubix. Ecnn noae ycranosneno 8 TRUE. 1o nepesiava nanubix 0yaer
NpeKpauleHa INpy MosyueHun CHMBOJA XoffChar M BO30OHOBIIEHA 1IPH MONY-
HYCHHWH CUMBOJIa XonChar,

O finx — nosie pasmepoM 32 OnTa. YKa3hiBacT Ha HEOOXOMMOCTD HCI101b30Ba-
nua nporpammuoro (XON/XOFF) ynpasicHusi 10TOKOM MaHHBLIX MPH NpHEME
aanubiX. Ecim noae ycranossaeno B TRUE, to npu nepenouienvn Oydepa
NaHHbIX 11E€PE/IaTUUKY OTIPABSACTCS CUMBOJ Yof £Char. a NPH O4MCTKE Dy(e-
pa — CUMBOJ XonChar,
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a

fNuil — nosie pazmepon 32 duta. Ecnu nosie ycranosneno 8 TRUL, To nyne-
BOH OAUT MIrHOPUPYETCS NPH NPHUEME JIaHHBIX;

fRtsControl — nosie pa3Mepom 32 6ura. YCTaHOBKA annaparHOro KOHTPOJis
no curnany RTS (Request-To-Send). Ecnu none ycraosacHo B
RTS_CONTROL_DISABLE, TO 9TO 3afnpcLiaeT YCTaHOBKY curHasa Ha nunun RTS.
€CJIM 10/ YCTAHOBJIEHO B RTS_CONTROL ENABLE — DTO pa3peLiacT YCTaHOBKY
curHasia Ha nuHuu RTS;

£AbortOnError — noje pasyzepom 32 6ura. Ecau 3nauenie 3toro no:is vera-
uosieHo B TRUE, To npu BO3HHUKHOBEHMM OIUHMOOK MpH ONepauMsix ute-
HUA/3aNUCK uepe3 MocieoBaTeNbHbIH MOPT BCE ONEpaliik MPEKPaILEAIOTCH.
Janbueiiice npofoskeHye onepatuii BO3MOXKHO B TOM Cilyyae, €CitH [IPUiI0-
YKEHWE OTpearupyeT Ha OLIMOKY W BbI3OBET (PYHKIIMIO ClearCommError:

XonLim — nose pasMepoM 16 6uT. YcTaHasnvsacT MHUHMMAaNLHOC uncio Oaii-
ToB B Oyepe npuema, nocie NpeBbILLCHHUS KOTOPOro aKTUBH3HPYCTCS cXeMa
YNpaBjieHUsi MOTOKOM MaHHbIX, U MEPEIAaTUUKY MOCHIIACTCS COOTRCTCTRYIO-
uii curnan. [lpu 3TOM niepeiaTuHK MOXKET MPOAOTKATHL NepeiaBath OaiiThl
JaHHbIX. MO3TOMY 3HAY€HHE ITOro MmapameTpa HHUKOraa He ctaHer pasubiM 0.
Hcnonb3oBaHue 3TOro napamerpa ApeaiioNaracT NpUMEHEHHE IIPOrPAMMIOLo
(XON/XOFF) uav annapaTHOro ynpasneHusi notokom jgaHHbix (RTS. DTR),
napaMeTpbl  KOTOpPOro YCTaHMaBAMBAIOTCS B finx, fRtsControl MM
fDtrControl;

XoffLim— moJie pa3mMepom 16 OMT. YcTaHaBAMBAET MAKCUMAIbHOE YHCIIO
GaliToB BO BXOAHOM Oydepe 10 aKTHBM3ALMKM CXEMbI YTIPABACHHS MOTOKOM
JaHHbIX NpU nepeaaue. Mcnonb3oBanue 3Toro napaMcTpa ApeionaraeT pu-
meHeHue nporpammioro (XON/XOFF) unu annapatiioro yupassichust noTo-
koM paiinbix (RTS, DTR), napamerpbl KOTOpPOro ycTaHABJIMBAKOTCS B finX.
fRtsControl WIH £DtrControl. [lpH aTOM MakcHMaIbHOC YHUCNO DAWTOB. KO-
TOpO€ MOXKHO Nepenarb, BLIUUCAACTCS Kak pa3HOCTh padmepa Oydepa u 3ua-
ueHus napameTpa XoffLim;

ByteSize — nosie pasmepom 8 6ut. Onpenesser KojiuuecTso OUTOB B 1epe/la-
Ba€MOM WJIM NprHUMaemom baiire;

Parity — nose pazmepom 8 OUT. YCTaHABAMBAET CXEMY KOHTPO:IS HETHOCTH
(EVENPARITY, ODDPARITY, NOPARITY);

StopBits — nojie pazmepom 8 out. OnpeaensieT KOAUUECTBO HCMOIb3YEMBIN
cTonosbix 6uToB (ONESTOPBIT (1 cTomosuiii OMT), ONESSTOPRITS (1.5 cTono-
BbIX OMUTA), TWOSTOPBITS (2 CTONOBLIX OUTA));
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0 XonChar — nosie pa3mepomM 8 GUT. 3HaUCHMC CUMBOIA XON 1P TIpHENE H Te-
peaaye jJaHHbIX;

0 XotffChar — mnojie pasmMepomM 8 6uT. 3HaueHHE CUMBOMA XCFF TIPU HpHEME W
nepeaave JaHHbIX;

O EofChar — nose pazmepom 8 OUT. 3HaueHue CUMBOJIA, KOTOPbIM HCMOIIL3YET-
CA ANSl yKA3aHHUS KOHIA AaHHbIX;

O EvtChar — nose pa3mepom 8 OUT. 3HaucHKE CUMBOJIA, KOTOPBII UCMONb3YCT-
sl U1 MHULIMAU3aLIHH COObITHS.

Paccmorpum npakTHueckoe npuMeHeHue (PyHKUMH KOH(UIYpPHpPOBaHHUs MOCICI0-

BaTesbHOro MHTep(eiica setCommstate. Caeayiowuit GpparMeHT 1POrpaMMHOro

koaa na C++ no3BosisieT YCTaHOBHUTb CKOPOCTb 0OMEHA, KOJIMYECTBO MepeiaBae-

MbIX OUTOB M KOHTPOJIb YETHOCTH:

HANDLE hCom;

BOOL fSuccess;

DCB dcb;

GerCommState (hCom, &dcb);

dcb.BaudRate = CBR_9600;
dck.ByteSize 8;
dcb.Parity = NOPARITY;
dcb.StopBits = ONESTOPBIT;

fSuccess = SetCommState (hCom, &dcb);

if (!fSuccess)
{
printf ("SetCommState failed with error %d.\n", GetLastError());
return;
}
BHauane ¢ nomoiubto QyHKIMH GetCommState Mbl 3aMoJiHseM CTPYKTYpY dci TH-

na DCB. 3aTCM YCTaHaB/MBAEM COOTBETCTBYIOWIME MOAs CTPYKTYpbl dcb. CKopocThb
oOMeHa JaHHBIMKM AU HOBOM ycTaHoBKe GynerT pasHa 9600 6ox, pasmep Gaiita
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sizeof (cl),
sbWritten,
0):

void main(void)
[
char *pclomPort = "COM4"“;

DCB dcb;

hCom = CreateFile (pcComPort,
GENERIC_READ | GENERIC WRITE,
0,
NULL,
OPEN_EXISTING,
0,
NULL; ;
if (hCom == INVALID HANDLE VALUE)
{
printf ("COM4 opening error!\n");
return;

}

GetCommState (hCom, &dcb);
dcb.BaudRate = CBR_960C;
dcb.ByteSize = 8;
dcb.Parity = NOPARITY;

)

dcb.StopBits = ONESTOPBIT;

fSuccess = SetCcmmState (hCom, &dcb);

if (!fSuccess)
{
printf ("SetCommState failed with error $d.\n", GetLastError()j;
return;

}
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printf (“"Serial port %s successfully reconfigured.\n", pcComPortj;
GetCommState (hCom, &dcb) ;
printf ("COM4 baud rate is 3d\n", dcb.BaudRate);

hThread = CreateThread (NULL,
0,
(LPTHREAD START ROUTINE)ThreadProc,
&dwParam,
0,
&dwThreadlId) ;

while (1);
}
CloseHandle (hCom) ;

return;

B aToli nporpamme o6paboTka NaHHBIX MOCEA0BATENILHOrO MOPTa OCYILECTBISET-
Al B LIMKJIE while (yHKUMH NOTOKA ThreadProc. @YHKUMS OXKHAAET MOCTYMAECHHS
naHHbiX yepe3 nopt COM4. JlanHbie ynuTatoTcst M3 nopra nobairtoso (pyHkuuew
ReadFile B mepemeHHyto cl. Ecnm Gaiit npountan (nepemMeHHas bytesRead CO-
JAEPXKUT 1), TO OH BBIBOAMTCS HA 9KPAH KOHCOAW (PYHKUMCH printf W 3aTem 00-
paTHO nepenaercs B NocjienoBarTenbHblH NOPT PyHKUMEH WriteFile.

Kon¢urypuposanue nopra COM4 BbInonHseTcss B OCHOBHOH MporpaMmMe ¢ nomo-
Wbl (PyHKUMH SetCommState. Jlns ymoOGcTBa BHauasie BbI3biBaeTCs (YHKUMS
GetCommState, KOTOpasi 3aMUCLIBAET MapaMeTpsl TeKylueH KoH(pUrypauu nopra
COM4 B cTpYKTYpY dcb THNA DCB, 3aT€M B COOTBETCTBYIOLLIME MOJIA 3TOH CTPYK-
Typbl 3alUCbIBAIOTCS HYXHbIE 3Havelins. [lopt koHurypupyercs ans paboTbl co
ckopoctbio 9600 604, ¢ 8-0MTOBOI NOCBLINKOH NAaHHLIX, 6€3 KOHTPONS YETHOCTH U
¢ oaHuM ctonoBbiM O6utom. MHdopmauus o ckopocT obMmelia JaHHBIMU 3aTeM
BbIBOJAUTCS HA 9KPaH KOHCOJIH.

Hns paboTbl ¢ KOMMYHHMKALMOHHBIM MOPTOM ClE/lyeT OTKPbITh €ro C 1IOMOLUbIO
(byHKUMM CreateFile H NOMY4HTb ACCKPUNTOP As AalbHEHILIMX MaHUMYISAUM,
YTO W JIeNaeTcs B Hauase nporpammel. Ecnu gyHkums 3aBepuiaercs ychneuiHo, To B
NEpPEMEHHYIO hCom 3aMUCLIBAETCS 3HAYEHHE AECKpUnTOopa yctpoiictsa. [lns odpa-
60TKM AaHHBIX, npoxoaswMx uyepe3 nopt COM4, nporpamma 3anyckaet oTielb-
Hblli MOTOK ((YHKUMS CreateThread) ¢ (yHKuUWeH MOTOKa ThreadProc. o 3a-
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sizeof (cl),
&bytesRead,
NULL) ;
if (bytesRead > 0)
printf ("&c", cl);
countert+;

1f (counter > 10)

—_~—

counter = 0;

cl = XOFF;

WriteFile (hCom,
&cl,

sizeof (cl),

sbWritten,
0);

Sleep (20000) ;

cl = XON;

WriteFile (hCom,
&cl,
sizeof(cl),
sbWritten,
0);

continue;

—

iritefFile (nCom,
scl,
sizeof (cl),
sbWritten,
0j):

void main(void)

{

v

char *pcComPort = "COM4";
DCB dcb;
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cl = 0x0;
hCom = CreateFile (pcComPort,
GENERIC READ | GENERIC WRITE,
0,
NULL,
OPEN_EXISTING,
0,
NULL) ;
if (hCom == INVALID HANDLE VALUE)
{
printf ("COM4 opening error!\n"):;
return;

}

GetCommState (nCom, &dcb) ;
dcb.BaudRate = CBR_9600;
dcb.ByteSize = §;
dcb.Parity = NOPARITY;
dcb.StopBits = ONESTOPBIT;
dcb. fOutX = TRUE;
dcb.XonChar = 17;
dcb.XoffChar = 19;

fSuccess = SetCommState (hCom, &dcb);

if (!fSuccess;
{
printf ("SetCommState failed with error %d.\n", GetlastErrcr()):;
return;

}

printf ("Serial port %s successfully reconfigured.\n", pcComPort};
GetCommState (hCom, &dcb) ;
printf ("COM4 baud rate is %d\n", dcb.BaudRate);
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hThread = CreateThread(NULL,
C,
(LPTHREAD START ROUTINE)ThreadProc,
&dwParam,
0,
&dwThreadId) ;

while (1);
CloseHandle (hCom) ;
return;

}

B nanHom npunoxeHrn obMen faHHBIMHM OCYLIECTBISETCS 4epe3 10cie10BaTesb-
Hblit moptr COMA. [lpu ycraHOBKE napamMeTpoB Mocfie0BaTeLHOrO NopTa noMu-
MO CTaHAApPTHBIX (CKOPOCTL OOMEHA, YETHOCTL-HEYETHOCTL U T. [I.) B Mporpamme
yKa3aHO HECKOMbKO AOMOJHUTENIbHBIX HacTpoek. [lepBoe — HyXHO pa3spewnTb
vcnonb3oBaHue nporpammuoro yrpasiaeHus (XON/XOFF) notokom naHHbIX, 4TO
BbIMOJTHAET Oneparop

dcb. fOutX = TRUE;

3aTeM HyMHO Ha3HauuTb koapbl OaritaMm XON u XOFF. O6wenpuHsaTbie 3HaYeHUs
aTnx OaiToB paBHbl 17 ¥ 19 COOTBETCTBEHHO, XOTA UM MOXCHO MPUCBOMTL WU JIpY-
rve 3naueHus. OnHako Hecranpaptible koabl XON u XOFF, ucnonbzyemblie B
KOHKPETHOM TIPHAOKEHHH, MOTYT BbI3BaTb NpodaeMbl Npu paboTe NMPUAOKEHHS C
ApYTMMH TEPMHHAIBHBIMWA IPOrpaMMaMH, B KOTOPbIX, KaK NMpaBUi0, HCNOJIb3YIOT-
Csl CTaHJApTHbIE KOAMPOBKH 3THX CHMBOJIOB. Y CTaHOBKA MapaMeTpoB Moce/10Ba-
TeNbHOro OOMEHa [aHHBIMH BbITIONIHAETCS [OCPEJICTBOM BbI30Ba  (PYHKLMH
SetCommState, KOTOpOH NepenaeTcs AECKPUNTOP hCom, NOAYUEHHbIH NPH OTKPbI-
THH nopTa QyHKLKHEH CreateFile, a TAKOKe a[|PeC CTPYKTYPbI dcb.

[Tpuem u ananusz nauHbix ¢ nopra COM4 ocywecTensieTcs B OTAENBHOM [OTOKE,
KOTOpbIA CO3[aeTcst MOCPEencTeOM Bbi30Ba (YHKUMH CreateThread. DyHkuus
ThreadProc 3TOr0 MNOTOKA BbINOHAET HECKOJLKO AEHCTBHIA:

O uuraer GalT JaHHBIX ¢ NOCNEIOBATENbHOrO NopTa ((yHKUKS ReadFile) W Bbl-
BOOMT OaifT, COXpaHeHHbIii B NepeMeHHOH cl, Ha 3KpaH KOHCOIH. DTOT xKe
Gaiit ornpasasiercs oGpaTHO NpOrpaMMe-TepMHUHaIy;

O noacuMTbIBaeT KOJIMHECTBO GAWTOB JAAHHBIX C MOMOLUbLIO NEPEMEHHOMN counter
M NpH NOCTHIKEHUH 3HadeHust 10 ocTaHaBnMBaeT nepenavy AaHHbIX NPOrpam-
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while (true)
{

Read¥ile (hCcm,

o
b—

cl,
sizecf (cl),
sbyresRead,

NULL);

if {(ccunter > 7)
{
ccunter = 0;
EscapeCommFunczion (hCom,
Sleep (20000} ;
EscapeCermFunction {hlem,

cniinue;

Q

}
WriteFile {hCom,
&cl,
sizeof(cl),
&bWritten,

0):

void main{void)
{
char *pcComPort = "COM4";

DCB dcb;

1 = 0x0;

c
hCom = CreateFile (pcComPort,

CLRRTS) ;

SETRTS) ;
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NULL,
OPEN_EXISTING,
0,
NULL) ;
if (hCom == 1NVALID HANDLE VALUE)
{
printf ("COM4 opening error!\n");

return;

GetCommState (hCom, &dcb):

dcb.BaudRate = CBR_9600; // ycranopka CKOpoCTu ofmeHa 9600 €on
dch.ByteSize = 8; // ycraHOBKa ¢opMaTa HaHHEIX 8 OuT
dcb.Parity = NOPARITY; // Ge3 6ura yeTHOCTU

dcb.StopBits = ONESTOPBIT; // OODMH CTOMNOBEIL SUT

dcb. fRtsControl = RTS_CONTROL_ENABLE;

fSuccess = SetCommState (hCom, &dcb);

if (!fSuccess)
{
printf ("SetCommState failed with error 3d.\n", GetLastError());
return;

}

printf ("Serial port %s successfully reconfigured.\n", pcComPort);
GetCommState (hCom, &dcb);
printf ("COM4 baud rate is %d\n", dcb.BaudRate);

hThread = CreateThread (NULL,
0,
(LPTHREAD START ROUTINE)ThreadProc,
&dwParam,
0,
sdwThreadId) ;
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char buf[128];
char ~opuf = buf;

int counter = 0;

HANDLE hCom, hEvent;

DWORD bytesRead, bWritten;

BOOL fSuccess;
HANDLE hThread;
DWORD dwParam, dwThreadId;

VOID WINAPI ThreadProc (PVOID* dummy)
{
printf("Waiting for data from COM4...\n");
while (true)
{
ReadFile (hCom,
pbuf,
1,
&bytesRead,
NULL) ;
if (bytesRead > 0)
{
WriteFile (hCom,
pbuf++,
1,
&bWritten,
NULL) ;
counter-t+;
if (counter == 10)
{
SetEvent (hEvent) ;
buf ([counter] = '\0';

counter = 0;
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void main (void)

{
char *pcComPort = "COM4";
DCR dcb;

FILE *fout;

hCom = CreateFile!{pcComPort,
GENERIC_RZAD ! GENERIC WRITE,
0,
NULL,
OPEN_EXISTING,
0,
NULL) ;

if (hCom == INVALID HANDLE VALUE)

{
printf ("COM4 opening error!\n"):

return;

GetCommState (hCom, &dcb);
dcp.BaudRate = CBR_9600;
dcb.ByteSize = 8;
dcb.Parity = NOPARITY;
ccb.StopBits = ONESTOPBIT;

fSuccess = SetCommState (hCom, &dcb);

if {!fSuccess)

{

printf ("SetCommState failed with errcr ¢d.\n",

return;

GetlastError{);;
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print:s {"Serial port #s successfuily reconficgurea.\n", pcComPort);
sGetCommState (nCom, &dck) ;

princf{"COMJ baud rate is “d\n", dck.BaudRate);

hEvent = CreateEvent {(NCLL, FALSE, FALSE, NULL:;
nTnread = CreateThread(NULL,
9,
(LPTHREAD START ROUTINE)ThreadPrcc,
&dwParam,
3,
sawTnreadid) ;
if ((fout = feopen("c:\\Test", "a-~")) == NULL)
{
crintf ("Can't create iile!'\n");
return;

3
H

princf ("Press Enter to exit...\n");

de

WaitfForSingleOpject (hEvent, INZFINITE);
printf ("%s\n", buf);
fwrite(buf, sizecof(char), 10, fcut);

} wnile (!kbhit());

fclcose (fout);
Cilosetandle (hCom) ;

return,

B »1oit nporpamme kaxavie 10 6alTOB AaHHBLIX. NPOUYUTAHHBIX C MOCACAOBATCSIb-
Horo nopra COM4 ()yHKUMCH NOTOKA ThreadProc. 3aMHCHIBAIOTCS B TEKCTOBLIN
daiin ¢ umenenm Test va nucke C. Jlas cHHXpOHM3alMK 3anucH JaiibIX B (paiil u
npvema GaiiToB ¢ nocC;IE10BaTCNLHOrO Nopra ucnoiabdyercs (ynkuus Win API
WaitForSingleObject, KOTOpash OTCAEKMUBACT COCTOSIHHUC O0BEKTA COOLITHS C e-

CKpUNTOPOM hEvent.



Kax Tosibko 00bCKT "coObITHE" NCPEXOAMT B CUIHAUILHOE COCTOsIHIE, KOTOPOC Y-
TanassiMBacTcs (pyuKimen
SetEvent (nEvent);

B (DYHKIMH [10TOKA, (ByHKIMS OKMIAHUS WaitForSingleObject B MIABHOM MOTO-
KC 3aBCPILACTCA, W COAePIKHMOC Oydiepa AaHIbIX BLIBOAMTCS Ha KOHCOJIL H 3alid-
coiBaeres B AeckpunTop four (aitaa Test. Kak W B npefbl1yIUUX LpUMEpax. na-
paMerpbl MOC/He 0BATeAbION0 [OopTa YCTaHaBJIIMBAIOTCS € MOMOLBIO (PYHKIIMH
SetCormStace. Jlnsg cozmanmus u padorbl ¢ (adnon Test ucnonbyiores o1dHO-
Teunble yHKIMKW C++ ropen. iwrite U fuc ose. OObeKT "codbiTHE". HCNOAL3Ye-
MBI 11 CHHXPOHH3ALHH OCHOBHOIO M JONOTHUTCALIIONO [OTOKA MPOrPaMAbl.
cozzacres PyHKIHEH

nEvent = CreateEvent (NULL, FALSE, FALSZ, NULL);

[MoayueHubld aeckpunTop 0OBEKTA COXpaHsCeTCsl B MepeMcHHOl hEvert. "Codbl-
THE" co3aercs B HCCHMITIAALHOM COCTOSSHHH M COPAcLIBAETCS ABTOMATHUCCKH 110-
Cle Nepexo/1a B CUrHaJILHOE COCTOSIHKC.

Manneie ¢ nocaeaosarciasioro nopra COM4 3anuceisaiorest B Oygep tuf PyHk-
uMel ReadfFite B (YHKUMH MOTOKA ThreadProc. Jlns yaodcrsa aipecaumnu aau-
HbIX B Oydepe Mcnoab3yercs yKazarcii, pouf. B nepeMeHtoi counter Npaiirces
KOJIMYecTBO OaMTOB AalHBIN. MOJYUCHHBIX C TocnefoBateiiblioro nopra. Kak
TOJILKO 3TO KofuuecTBO Jjocturact 10, oObekT "coOwbITHE" € JICCKPHIITOPOAI
nEvent MEPEBOINTCS B CHIHAIILHOC COCTOsSHUE.

Bhixoa u3 uMkia 3anucu aHHbIX while OCHOBHOIM HIPOrPaMMbBI IPOUCXOAHT NpH
HaXKaTHH Kaasuiliv <Lnter>, 11ocie uero ACCKpUITOPbI KOMMYHHKaIIMOHHOIO Ka-
Hana hCom M TEKCTOBOI0 (haitna fout 3aKpbIBAIOTCS.

PaccMoTpeHHbIC HAMHM NPUMEPLI NPEACTABAAIOT COBOH KOHCOMDBIIbIE MPHAOKE-
HIA, B KOTOPbBIX O6p860TKil JAHHDBIX € MoCJ1e10BaTe/ILbHOIO nopra oCyuiecTn.19-
CTCH C HOMOLHUILIO HCCKOJILKHX (b)’HKLlHﬁ IIPpUKIaAHOro H“Tep(bCﬁCQ [POrpaMs;u-
poBaHui, npeaocraBisieMbIX OHEPALMOHHLIMH CUCTCMAaMHU \vVil](lO\\'S
(secCommState. GetCommState W EscapeCommrunction). nst Oosee jerannLuoii
HaC’l‘poﬁKH HOCJICAOBATC/ILHOIO nopra H HOJYUEHHA HOJHOTO ROHTPO.IA  11ad
MPOLCCCON OOMEHA AAHHBIMM MMCCTCS HEIbliA psi/l ApyruX GyHxumii Win APL
KOTOpbIE JIOCTYIlHbI  NPOrPaMMUCTY (SetCommTimours, GetlommTir outs,
WaitCommEvent M T. A.). DTH (PYHKUMH JOCTATOUNIO NOAPOOHO ONMUCalbl B 1OKY-
MCHTAIUH MinOSOft, HOJTOMY 4YHUTATE/IU, XKCNaloume 60.”00 AOCKOHAIbHO H3Y-
HHTDL NPOrpPaAMMUPOBAHUE MOCICI0BATE/ILHOIO nopra, Moryr O6I|api\’}l\'HTl> 3{CCb
BCIO HHTCPCCYIOILYIO UX HH(OPMALIMIO.
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[lpu paspaborke npunoxkenud ¢ rpaduucckum MHTEpQCHCOM noJv3oBaress B
cpeite Delphi u Microsoft Visual Studio .NET Bepcuit 2005 1 2008 nast nporpas-
MHPOBAHHUS 1OCIIEA0BATCILHOIO OOMCHA /AHHBIMH OYEHDL Y0010 HCHOIL3OBATY
BH3YaJILHBIC KOMIMOHEHTbI. KOMIOHEHTBI MIKANCYAUPYIOT (PYHKIHH MPHKIAHONO
viiTepdenca nporpaMMUpoBaHus Lilsl MOCACUOBATCIBLHOrO NOPTA, YTO CYILCCTBENH-
110 YMPOLUIAET POrpaMMUpoBatine rpaMuecKUX NPUTONKEHHA.

Tak. B nocicanue sepeun Visual Studio NET (2005 w 2008) kittotcH KoMIIOHCHT
SerialPort. no3ponsatounii aBTOMATU3MPOBATL MHOTHE HACTPOHKH MOCICHOBATEI b~
noro nopra. YUro e kacaercsi cpeant Delphi, To B 6a30BoM nakere OTCYTCTBVIOT
BH3YaiIbHbIE KOMIOHEHTBI A1 padOThI € NOCAEA0BATELHLIM HOPTOM. 3aTO MAECT-
¢ HECKOJIBKO OUCHB NONYJISPHBIX FPpA(UUECKHX KOMITOHEIITOB, CBOOO.IHO pactpo-
cTpansieMblX B MHTepneTe v 10CTyHBIX Ans 3akauku. K Takuv KOMIIOHCHTAN OT-
nocaress TComPort v nporpammublit naxet TurbolPower Asynce  Professional.
BKJIIOHAIOILMH, KpOME [0CIIE0BATEILHOTO 110PTa, UEbIH Psi/l BU3YAJILHBIX KOM-
NOHEITOB /L1 padoTsl B ceTH. B 1annol kuure ans AeMOHCTPalMOHHLIX NPUIO-
JKeHnit ucnonvlyeres naket TurboPower AsyncPro 4.07.

Cieyiommii pazaen 3Toi riaBbl NOCBAILECH MPOrPaMMUPOBAIMIO 0OMCHA UaHIIbI-
MH 10 110CACHOBATENBLIIOMY MOPTY ¢ NPHMEHECHUCM TPadrUUecKHN KOMIIOHCHTOR
SerialPort (Visual Studio NET 2005) u AsyncPro (Delphi 2006/2007). fLas rec-
TUPOBAHIHS NPUAOKEHUH DYIET UCHIONb30BATHCS NEPCOHANBILIA KOMITLIOTEP C YC-
ranosaciiod PCl-nnatoit pacummpurens uutepdeiica NetMos 9835 PCHMulti-
1/0 Controller. Tlocneaosaressubiii nopr COM1 T1K coeaunsictes ¢ noprom
COM4 1unaret paciuuputens. Ha nopry COMI paboraer TepMutanbiias Hporpam-
Ma, a TeCTOBLIC TMPHIOXKEHUS NepeaoT/110ayqaroT lanHsic uepes nopt COM4
nnarel pacwinputens. [opret COMI1 u COM4 coeamusioTest Mexcly coOOM 1yib-
MOJCMHBIM KaOesieMm.

4.2. MporpammunpoBaHune nocnepoBaTesibHOro
BBOoAa-BbiBoaa B Delphi

[Tpu npasunbnoi uncramsuuy 8 Delphi 3aknanka ¢ komnonentamu Asynclro
AOKHA LIOSBUTLCS B MajHTPe KOMiloneHToB (pHc. 4.5) npu pazpadoTke Hauiero
NEPBOro rpahuueckoro HPHI0KCHUSL.

B nawent npunosxenun 6yacr ucnonszosatuest kommonent TApdComPort. ¢ 1o-
MOILBLIO KOTOPOro TCKCTOBast CTpoka Oy:1ceT nepeaatia ycpes nopt COM4. Ilepe-
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var

Forml: T¥Forml;
implementation
{SR ~.dfm}

procedure TForml.ApdComPortlTriggerAvail (CP: TObiect; Count: Word);
var

I: WCRD;

C: Char;

S: String;

begin
for I := 1 toc Count do
begin
C:= ApdComPortl.GetChar();
S:= 3 - C;

AedCemPorti.Output:— S;
end;
Editl.Text:= Editl.Text r S;

erd;

rocedure TForml.FormClose (Sender: TObject; var Action: TCiLoseAcuicn);
J

begin

ApdComPcrt:.Cpen:= False;

end;

procedure TForml.FormCreate (Sender: TOblect);
begin

ApcaComPorti.Open:= True;

end;

erd.

HMexoanbii TekeT copepauT (PyHKUMIO-06paboTUHK COOBITHS OTKPBLITHS (POPADLI
NPWIOKCHUS (FormCreate), B KOTOpoi rnopt COM4 OTKpLIBACTCS IPHCBOEHUEN
CBOMCTBY Open Kiacca ApcComPortl 3tiauenus True. [lpu 3akphiTun npu:ioxKciims
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C: Char;

S: String;

begin
for T := 1 tc Count do
begir
C:= ApdComPortl.GetChar;
S:= S + C;
end;

Editl.Text:= Editl.Text + S;

end;

procedure Tiorml. FcrmClose (Sender:

pegin
ApdComPorti.Cpen:= False;

end;

TObject; var Action:

procedure TFormi.FormCreate{Scender: TCObject);

begin
ApdCorrortl.Open:= True;

end;

procedure TFormi.xoffButtonClick(Sender: TObject);

begin
ApdComPorti.PutChar (#19);

end;

procedure Trcrml.xonButtonClick{Sender: TObject);

begin

ApdComPortl.PutChar (#17);

TCicseActicn);

MHorue (parnenTbl Ko4a HaM yIKC 3HAKOMBI M3 NMPCIALLAYLIHX NPUMEPOB. MOITO-
My sl OCTaHOBIIOCL JiMLIL Ha oOOpadoTuukax HakaTHH KHOMok. OylKius-
obpaborunk naxarns kionkn XON xenButtornClick BLINOAHSAET Miepeiaty CHM-
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var

Forml: TForml;

implementation

{SR *.dfm}

procedure TForml.ApdComPortlTriggerAvail (CP: TObject; Count: Word):;
var

I: WORD;

C: Charz;

S: String;

pegin
for I := 1 to Count do
begin
C:= ApdComPortl.GetChar;
S:= S8 -~ C;
end;

Editl.Text:= Editl.Text + S;

end;

procedure TForml.FormClcse (Sender: TObject; var Action: TCloseAction);
begin
APdComPortl.Open:= False;

end;

procedure TForml.FormCreate(Sender: TObject);
begin
ApdComPortl.Cpen:= True;

end;

procedure TForml.rtsClearButtonClick(Sender: TObject};
begin
ApdComPorti.RTS:= False;

end;
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procedure TFormi.rtsSctButtenClick!Sender: TObject):
begin

ApdComPortl.RTS:= True;

end;

end.

Ynpasaeuuve curtanom RTS BbINonHAIOT 00pabOTUMKH HAXKATHSA KHONOK rtsSet -
ButtonClick M rtsClearButtonClick. Jns ycraHoBku curnana RTS B Bbicokuit
(akTHBHDLIA) VpOBeHb cBOMcTBO RTS KommnoHenta ApdComPort] Hyxio ycrano-
guTL B True, a nnst cOpoca curnana Ha auHuu RTS oTomy e cBoiicTBy cileyeT
npucBOMUTH 3Hauenue False.

B repmuHanbHOi mporpamme, UCMoab3yeMOH s TECTUPOBAHMS, A0AKHA ObiTh
AKTUBU3UPOBAHA OTILMS pa3pelleHHs annapaTHOro YrpasieHWs MOTOKOM AAHHbLIX.

B crneayiouem, caMoM cnosKHOM npumepe, OYAET 110Ka3aHO HCTOb30BaHHEe KOM-
nonenta TApdComPort B cctemHom cepsuce Windows. Cucrenubliii cepsuc (Ha-
3oBeM ero SPortService) ¢ unreppanom B 10 cek OyAcT nepenaBarb CTPOKY flaH-
HbIX B nocncaonaresnbHblit nopr COM4. Jinsg TecTUpORaHMS NPHIIOKEHUs Ha NOPTY
COMI1 gosokna ObITh 3anylieHa NporpaMma-3MyJasTop TepMHHana, nosyyalolas
OTMPABJIEHHYIO CTPOKY.

Cucmennvie cepsucor Windows — 310 0cobblit Knace npuaoKeHuid, KOTOpbIC MO-
YT BBLITNOIHATBLCSA B (JOHOBOM PCKHMME TPH OTCYTCTBHH MOMb30BaTeNeil B CHCTEME.
CepHchl cOCTaBASIOT 0OALLIYIO YACTb IPOLCCCOB, padoTaIOLMX B ONEPaLHOHHOM!
cucreme Windows, W npeaHasHauerbl sl BLINOMHEHWs TOCTOSSHHBIX MM IEPHO-
IMueckux 3agaHui. [prem unu nepenaua aaHnbix MO KOMMYHHKAHHMOHIIBIM KaHa-
JlaM, B TOM YHCJIE U Yepe3 Mnoc/eAoBaTC/bHbIe NOPThl — OAHA U3 PacrpOCTPaHeH-
HbIX 32124, BbIMOJHAEMbIX CHCTEMHBIMH CCPBUCAMH.

HechoTpst Ha HEKOTOPYIO CNOKHOCTL B pa3zpaboTke cHCTEMHBIX cepBucos. B Del-
phi npeycMoTpeH MacTep cO3AaHKs TAKOro Kiacca IPUIOKCHHI, KOTOPbIH retie-
pHpyeT O0JIbLIYIO HacTh MPOrpaMMHOro Kona. Jis cosnaHus CMCTEMHOrO cepBuca
B mento File cnenyer poidpars onuuio New u 3atem onuuio Other..., noc:ie uero
B okiie New Items BbiOparh nukrorpammy Service Application (puc. 4.14).

[Tocne cozaanus wabaoHa CUCTEMHOrO cepBHCa NMOMECTHM Ha (popMe MPUIoKEHHS
sxkzemmssp ApdComPort] komnonenta TApdComPort (puc. 4.15).

Has komnonenta ApdComPortl yctaHoBUM cTanaapTHble CBOMCTBA (CKOPOCTb
9600 60a. 6e3 KOHTPOASH YCTHOCTH, 8-OUTOBBIN (OPMAT MOCBLUIKK C OAHUM CTOMO-
BLIM OMTOM), a CBOMCTBY AutoOpen MpUCBOMM 3HadeHue False. 3atem nacrpounm
napaMeTpbl coOcTBeHHO cepBuca (puc. 4.16).
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namespace SerialPort EXamplel

1l

1

b=
0O
[
3]
4]
u
'
O
3
3
i

pubiic partia
t
public String sl;
public Thread myThread;
public Fermi ()
{
InitializeComponent{);

}

private void Forml_Lcad(object sender, EventArgs &)

{

serialPortl.Open() ;

myThread = new Thread{this.ThreadProc) ;

myThread.Start () ;

private void Forml FormClosing{object sender,

FormClcsingEventArgs e)

{
myThread.Rbort () ;
serialPortl.Close();
}
public void ThreadProc ()
{
while (true)

.

{

sl = serialPortl.ReadlLire{);

textBoxl.Text = sl;
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e
[
po-
<
[
ct

e void Forml Load(object sender, bventArgs ej

serialPortl.Opven();
myThread = new Tnread(inis.ThreadProc);

myThread. Start{)}:

private void seria.Portl CataReceived{object sencer,
System. IO.Ports.SerialDataReceivedEventArgs e)
{
sl = serialPortl.Readline({);

rextBoxl.Text = "RECEIVED: " + sl;

private void Ferml FormClesing(cbject sender,

Ty

ormClesingEventArgs e)

myThread.Rbort () ;
serialPorti.Cleosel();
}
public void ThreadProc ()
{
this.serialPortl.lataReceived += new Sys-—
tem. IO.Ports.SeriaiDataReceivedEventHandler
(this.serialPortl DataReceived);
while (truc)
{
}

B sToii mporpamme ajisi 1pHeMa CIPOKH GaiiToB 3allycKaerTcs 1010MIMTCAbHbIH
NoToK ¢ QyHKUMEl ThreadPrec. Ho (DyHKUMS MOTOKA ThreadProc 1He BbIHIOIHACT
HEMOCPEACTBEHHbIA MPUEM CTPOKH. a co3jact (PyHKUHMIO-00pabOTUNK COOBITIHS
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public Forml ()
{
InitializeComponent () ;

}

private void Forml Locad(object sender, EventArgs e)
{
serialPortl.Open();
myThread = new Thread(this.ThreadProc) ;
myThread.Start () ;

j

private void Forml FormClosing(object sender,
FormCiosingEventArgs e)
{
myThread.Abort () ;
serialPortl.Close();
}
public void ThreadProc()
{

this.serialPortl.DataReceived += new Sys-
tem.IO.Ports.SerialDataReceivedEventHandler

(this.serialPortl DataReceived);

while (true) { }

private void xonButton_Click(object sender,
EventArgs e)
{
serialPortl.Write(buf, 0, 1);
richTextBoxl.AppendText ("Transmitting Enabled! ");
}

private veid xoffButton Click(object sender,

EventArgs e)



serialPortl.Write(buf, 1, 1);

richTextBoxl.AppendText ("Transmitting Disabled! ");

private void serialPortl DataReceived(cbject sender, Sys-
tem.10.Ports.SerialDataReceivedEventArgs e)
t
sl = serialPortl.ReadLine();

richTextBoxl.AppendText (s1);

}

YacTb MCXOAHOrO TEKCTA MPOrPaMMbi YHTATENIO YXKE 3HAKOMa MO MpCAblAy [LLHM
NpUMepaM, NOITOMY OCTAlIOBIIIOCH TOABLKO Ha ciesatHbiX Moandukauusx. B npo-
rpamme OOBSIBJICH MACCHB buf, COCTOSILLMIA U3 ABYX 3iemeHTOB. Hynesoit sziement
MaccHBa MMecT 3HaueHue 17, 4To COOTBETCTBYET cTaHuapTHOMY 3HaueHnio XON,
a nepsbiit anement — 3HaueHue 19 (XOFF). Tlpunoxenue npunumaer OalTbl
JNaHHbIX yepe3 1ocnaenoBaTenbiibiii nopr COM4 u oroOpakaeT X B BUIE OTAENb-
HbIX CTPOK B TekcToBoM penakrope RichTextEdit. Jins npuema nantbiX oT TCpmu-
HanbHOI nporpammsl, pabdotaioueit ¢ noprom COMI, coznaercs oTaebHbIH N0-
TOK. B KOHTEKCTE KOTOPOro 3arnyckaercsi 06paboTunk coObITHS DataReceived.

baiitet XON vnu XOFT ornpasnsiores niepeaatudky npy Haxaruu kHonok XON
unu XOFF na Qopme npunoxkenus. npu 31oM BbidbiBaeTcs GyHKLMs-00paboTUUK
xonButton Click MM xoffButton Click. Jlns ornpasku Oadita XON cnyxut
hbynkums

serialPortl.Write(buf, 0, 1);

a daiit XOFF nepenaercst TepMunianibHol 1iporpamMme ¢ noMouibio GyHKUHK
serialPortl.Write(buf, 1, 1);

[Ipu nepenaue GaiiroB XON/XOFF B oknHo TekctoBoro peaakropa RichTextBox
BbIBOJIMTCS COOTBETCTBYHOLICE COObULEIHe.

Jist Beinondenns annaparuoro (RTS/CTS) ynpaBneHHst MOTOKOM JaHHBLIX Mpo-
rpamma, rosayualoulas AaHHbIC, paspellaeT nepeaady AaHlibiX, YCTaHaBAMBasH CHI-
Hail Ha imHAK RTS B akTHBHOE cocTosiHHE (O6BIYHO 3TO COOTBETCTBYCT BbICOKOMY
YPOBHIO HaMpsiKEHWs ), WK 3anpeliaeT UX nepeady yCTaHOBKOM HU3KOro ypoBHS
HaNpsHKeHNs.
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protected override void OnStop ()

{
base.OnStop() ;
serialPortl.Close();
}

public static void ThreadProc ()

{
serialPortl.DataReceived +=new
SerialDataReceivedEventHandler
(serialPortl_DataReceived);

while (true);

public static void serialPortl DataReceived(object sender, SerialDa-
taReceivedEventArgs e)

{
String s = serialPortl.ReadLine();
ev.WriteEntry ("RECEIVED: " + s);

}

}

Haw cepBuc pomkeH 3anucbiBaTh CTPOKY AaHHLIX, MPUXOASLLYIO C TIOCHIE10BA-
TensHoro nopra COM4, B ¢aiin xypHana Application (Ilpusiokenue), rodromy B
nporpaMMHbIi KOA Knacca Classl HEOOXOAMMO BKJIIOUMTH 3K3EMIUISIP Kiacca
EventLog ¢ UMeHeM ev. C NOMOLLUbIO MeToAa ((PyHKUHH) WriteEntry 3TOro Kjiac-
ca cTpoka Oyner 3anucbiBaTbest B (paiin sxypHana. Bee onepaumn ¢ nocnenosa-
TEJIbHbIM  MOPTOM  BBIMOJIHAET KJAaCC SerialPort € MOMOLUBIO  (DYHKLMH-
00paboTurKa serialPortl COOBITHS DataReceived. Cam 0bpaboTumk HHUUHAIN-
3upyeTcs B QYHKLMHU NOTOKA ThreadProc.

OcHoBHble (YHKLHH HHHUHAIW3ALMK, BKJIIOYas OTKPLITHE MOCNCAOBATELHOIO
nopra COM4, BbinonHsa10TCA B 00pabOTUMKE COOBITHS OnStart CHUCTEMIIONO cep-
Buca Com4Service. [lpu ocraHoBke cepsuca (coObiTHE OnStop) MOCHEIOBATCIIL-
Hbili MOPT 3aKPbIBAETCH.

[Tocne CO31aHHs NpOrpamMMHOro Koaa kjacca Classl HEOOX0AUMO 3anyCcruTh cep-
BHUCHOE€ TMPUIIOKECHHWE, YTO AOJDKHO BBLIMOJIHATLCSA B (byHKLll/IM Main OCHOBHOM 11po-
rpaMmmbl.
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MoanpuurMpoBaHHbIH BapUAHT MCXOAHOrO TEKCTa OCHOBHOH IMPOrpanMbl 11pHBe-
JACEH JaJjiec: -

using System;

using System.Collections.Gereric;

using System.Ling;

using System.Text;

namespace ComdService
{
class Program
{
static void Main(string(] args)
{
System. ServiceProcess.ServiceBase.Run

(new ComdService.Classl()):

}

Komnunsiuvs v cOopka NpuiosKeHUst BbIMOMHSAIOTCS 00bLIMHBIM 00pa3oM, a Ans vH-
CTaSLUMM cepBUca B onepalMoHHoN cucteme Windows MOKHO BOCMO/BL30BATHLCS
CTaHAApTHOM cUCTEMHOM yTHnuTOM sc.exc. Ilpeanonokum, 4To Halle npuioKe-
Hue 3anucaHo B (paiin comdservice.exe Ha auck C. Toraa ang MucTaIsUMK CUC-
TEMHOrO CEPBHCA HYXHO BbITTOJIHUTL KOMAHIHYIO CTPOKY

sc create com4service kiPath= c:\comdservice.exe

CucTemHbIi CEPBMC MOMKHO 3aMyCTUTh MO0 M3 KOHCOJIM YrpaBieHHs. BbIOpaB orn-
uuto Iyek, nnbo Habpas komaHy

net start comdservice

OcTaHoBHTEL cepBUC MOXHO MO0 U3 KoHCONHW ynpasnienus Windows, nido Habpas
KOMaHLy

net stop comdservice

Jlns neMHCTanISUMKU CUCTEMHOrO CepBHCa HY)KHO MCTOJIb30BATb YTHITUTY SC.€XE:
sc delete comdservice

Jns TecTMpoBaHHs MPUIOXKEHUsT HA0 3aryCTUTh MPOrpaMMy-3MYJISTOpP TEPMUHA-
Jla M nepenath Kakyto-nubo crpoky uepes nopr COM1 (COMI u COM4 coeanne-
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sw = new StreamWriter {"c:\\SWLOG.txt", true);
sw.AutoFlush = true;
nyThread = new Thread(ThreadProc) ;
myThread.Start (),
}
protected override void OnStop()
{
base.OnStop() ;
sw.Close();
serialbPortl.Close();

}

public static void ThreadProc ()
{
serialPortl.DataReceived +=new
SerialDataReceivedEventHandler
(serialPortl_DataReceived);
while (true);
}
public static void serialPortl_DataReceived
(object sender,
SerialDataReceivedEventArgs e)
{
String sl = serialPortl.Readline();
sw.WriteLine(sl);
ev.WriteEntry ("DATA RECEIVED From COM4.");
}

Bonbwas yactb MCXOAHOroO TeKCTa HaM 3HaKOMa 110 NPEeAbIAYLIEMY NPUMEPY, Mo-
3TOMY pacCMOTPHUM TOJBLKO BHECEHHble M3MeHenus. s coszaaHus TEKCTOBOro
daiina n 3anucH B Hero QaHHbIX MCMOb3YeTcsi 0OBEKT StreamWriter. C nomo-

LibIO Oneparopa

sw = new StreamWriter ("c:\\SWLOG.txt", true);
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B 06paborurke coObITHs OnStart cuctemHoro cepsruca Com4Service2 na aucke C
cosnaercs HoBuil (paitnn ¢ uMeHem SWLOG.txt. B koTopbiii M OyayT 3anucbiBaTbes
JauHbie ¢ nochejoparensHoro rnopra COM4. Bropoit napamerp, pasueiii True,
yKa3blBaeT Ha BO3MOXKHOCTb 2100aBNCHHUA NaHHbIX B (aiiil, €CliM TAKOBOH yiKe Cy-
LLECTBYET.

3anuch nosiyueHHbIX JaHHbIX B (haiin ocyulecTsisercss B (PyHKUMH-00padoTumKe
serialPorl DataReceived COObITHs DataReceived. B 3To# e dynkumu B dain
KypHaia NpUIoKEHHH 3anuchiBaeTCs YBeAOMIISIOLee COOOLLEHHE.

[Ipu ocraHoBke cucTeMiioro cepsuca (cobbiTie OnStop) Hapsilly ¢ APYrHMH HEoO-
XOIMMbIMHU JEHCTBUAMH CIIEyET 3aKpbITh (paiia, YTO BbIMONHAET ONepaTop

sw.Close ()

CBOMCTBO AutoFlush OOBbEKTa StreamWriter JaeT BO3MOXHOCTb IIPOCMATPHUBATHL
copepxuumoe daidna SWLOG.txt npu pabotatouem cepsuce Com4Service?.

Wucrannsims, JeuHcTansums, 3anyck M TeCTHMpPOBAaHME CHCTEMHOIO cepBHCa
Com4Service2 BLINOJHAETCSA MO TOH Me METOAMKE, YTO Obljla HMCITOIb30BAHA AJ1s
Com4Service 3 npeasiayLero npuMepa.

4.4. NocneposaTtenbHbI OOMEH AaHHbIMU
n cetun TCP/IP

[Ipu nocTpoetiny pa3BeTBIEHHLIX NPOMBILIEHHBIX U labopaTopHbIX cetel cbopa
1 06paboTkH MH(OPMaUMK BO3HHKAeT HEOOXOAMMOCTL B Nepenave JAaHHbLIX YAaa-
JIEHHBbIM y351aM, reorpauuecky pacrnosiokeHHbIM B pa3HbiX Toukax. Hanpumep.
JOBOJILHO 4acTO BO3HHMKAET HEOOXOAMMOCTb aHaiu3a NAaHHBIX, MOJyUEHHbIX ¢
MPOMBILLJIEHHOrO MK N1aBOPaTOPHOro MOAYJIS, MOACOEAUHEHHOrO 0 HiTepgeiicy
RS-232 unu RS-485 k nepconanbHOMy KOMMBIOTEpPY, Ha APYroM KOMIbIOTEpE,
pacrojoXeHHoM B Jpyrom paiioHe ropoja WMnu B apyrod mectHoctu. [Ipobiema
JIETKO PELIAETCs, €C/IM KOMMbIOTEpbl CoeAnHeHbl B ceTh. Kak npasuno, cranpapr-
HbIM pellleHHeM ABJISIETCS UCI0Ab30BaHWe ceTH MHTepHeT niuM, no-apyromy, cet
Ha Oase creka nporokonoB TCP/IP. Cxema peanusauuu npocreiiued cucTembl
cbopa M nepenaun AaHHbIX, B KOTOPOM 3a4eHMCTBOBaHbI KAK MHHUMYM [1BA KOMIb-
I0TEpa M BHELIHEE YCTPONCTBO, Noka3aHa Ha puc. 4.33.

[lo sTol cxeme naHHbie nepepatorcs no uHrepdeiicy RS-232 unu RS-485 ot
BHELIHEro YCTPOHCTBa, B KauyeCTBE KOTOPOro MOXET BbICTYNaTb W NMepcoHaslb-
HbIM KomMbioTEp, Ha [IK ¢ 3anyuieHHbIM ceTeBbIM NpHIOXKEHHEM (CeTeBOM KIH-
eHT). Kiiment nepepaer naHHble NO CETHM Ha APYroi KOMIMbIOTEP, HA KOTOPOM
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("rHe3no™) cnymuT "agpecom”. MO KOTOPOMY KaXKJI0¢ CETEBOE MPHIOKEHHC MjIEH-
THOHumKpyet cebs B cetn. Coker Bkitoyaer IP-aapec (MHTEpHET-aapec) XocTa, Ha
KOoTOpoM padotaer npuioxeHue, U Homep nopra. Cepeep TCP ocyuwecrsaser
"mpocayLlnBaHie" 3alpocoB Ha COEAMHEHHE OT KJIMEHTOB Ha CreLHalbHO Bblje-
nenHom cokete. [lpu noctynnenuu 3anpoca cepeep co3naer pabodee coe/iMHCHHE
C KJHMEHTOM, 10 KOTOPOMY OCYLUCCTBJSIETCS nocjlefytouiui obMeH AaHHLIMU, W
NPOJOJKAET MPOC/yLUMBATh BXOAAUMe 3anpockl (cM. puc. 4.34). Ilpu stom ans
KIIMEHTCKOrO COCAMHEHMS CO3/aeTcs HOBbIM cokeT ¢ TeM e IP-agpecom. 1o c
JPYrUM HOMEPOM T1OpTa.

Puc. 4.34. Cxema B3avmoaeicTBun cepsepa u knuextos TCP

ITpeanonoxkum, Hanpumep, uto cepeep cereBoi cinyObl Telnet npocayuimsaer Bxo-
nsuiMe 3anpockl Ha xocte ¢ IP-agpecom 194.15.27.12, ucnonws3ys Anst 310ro CTau-
AaptHbeif nopt 23. [lpu noctynieHnu 3anpoca ot ceTeBoro kiaueHra cepsep Telnet
MOXET BbIIENTbL Kaneuty nopt 4997, no koropoMy OyZET OCYLUECTBAATLCA OOMCH
AaHHbIMM. CneayrolHit KIHEHT MONYYUT pYroi CBOOOAHBIN MOPT, Harpumep,
4999. Takum oOpazom, nepsblif KiveHt Oyaer paboTarb Ha  COKeETE
194.15.27.12:4997, a Bropoii — Ha cokete 194.15.27.12:4999. Cepsep Telnet Gyaer
NpoAoJHKATh NMPUHKUMATL 3anpockl Ha MopTy 23, co3nasast HOBble coeauHenus. [1o
3aBEpLUEHUIO CeaHca paboThl C KIIMEHTOM pabouMii COKET A0KEH ObITb 3aKpBIT.

Pa3pa60‘n<a CETEBbLIX npunomeﬂnﬁ — CJIOKHas 3aja4a, HO peaiu3oBaTh ¢ce€ MOXCHO
AOBOJIBHO NPOCTO, €C/IK MCIOJIb30BaTh COBPEMEHHbBIE HHCTPYMEHTAJIbiible CPEACT-
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{

static void Main(string[] args)
{
int bytesRead = 0;
byte{] buf = new byte[1024];

String sl;

IPAddress.Parse ("127.0.0.1");

IPAddress addr
IPEndPoint iep = new IPEndPoint (addr, 5151);
TcpListener server = new TcpListener (iep);
server.Start();
Console.Writeline ("Waiting for data on port 5151...");
while (true)
{
bytesRead = 0;
TcpClient client = server.AcceptTcpClient();
NetworkStream stream = client.GetStream();
bytesRead = stream.Read(buf, 0, buf.Length);
if (bytesRead > 0)
{
sl = System.Text.ASCIIEncoding.ASCII.GetString
(buf, 0, bytesRead):;
Console.WriteLine ("DATA RECEIVED: " + sl);
}
stream.Close () ;
client.Close();
}
server.Stop();

}

Hnst nporpammupoBanus cepsepHoro npunoxkenuss TCP umnopTupyem B Haiie
NPHUIOKEHHE NPOCTPAHCTBO UMEH System.Net. lTpocreiiiiee cereBoe cepsepHoe
NpyaoXKeHHe paboTacT MO CTaHAAPTHOH CXeMe: BHawajle CO3aeTcs NpOCIyILH-
BalOLWMH COKET, KOTOPBLIH MPUHUMAET 3aMpochbl CETEBLIX KJIMEHTOB Ha MOAKIIOUe-
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HMC, MOCJIE YEro JUls KAKAOTO OT/ENbHOrO KAueHTa co3iacrtes "pabounii” coker,
uepe3 KoTopelit U BhinonnsieTess odMeH aannbiMu ¢ TCP-cepsepon. [Tpocsytm-
BAIOILMHA COKET "CHIMT" B DECKOHEUYHOM LIMKJIE M HC Y4acTBYCT B oOMclHe JlaHlibl-
MU, ero (yHKUMS — OTCAEANTH NOCTYIAIOWHMI 3aMpoc U MHULIMMPOBATL CO3/laHHC
HOBOIO NO;1KJIIOYEHHS.

B Hauieil nporpamnme-cepsepe HpOCyILHBAIOUIMI COKET C MMEHEM server CO3Jla-
€TCs OllEPaTOPOM

Tcolistener server = new TcplListener(iep);

Coker NpuBS3LIBACTCS K KOHKPETHOMY XOCTy ¢ mnomoiubio IP-aapeca u Homepa
NopTa, Ha KOTOPOM BbINOJMHACTCS npociywuBaime. Oba JTH mapamerpa cojaep-
xarcs B cTpyKType iep. B kauccree IP-anpeca B cepBepHOM M KAMEHTCKOM 1IPH-
noxeHusx Buibpan aapec 127.0.0.1 untepderica "obparnoii ceasu” (loopback in-
terface), KOTOpbIA HHULMUPYETCS OTEPALHOHIION CHCTEMOM JUISt AMArHOCTHUCCKHX
uenei. [ocne BbINIOHEHUs YTOrO Orleparopa HyXHO paspeltiuTh paboTy cokeTa:

server.Start () ;
Coket pabotaer B OJOKMPYIOILEM PEXHUME M OJKHAAET 3aMpoOCcoB B IIHKIE while.
[Ipy noaxnaioue iy HOBOIrO KiHeHTa MHULIHKUPYETCS HOBOE COCAHMHEHHE:
TcpClient client = server.AcceptTcpClient();
TlocpencrBom coketa client OYAeT BbIHOJHATLCS YTEHHE AAHHBLIX, NOCTYMAIOLNX
OT KJIMGHTA, AJIsl YeEro CO3/1a€TCA HOBbIH MOTOK stream:
NetworkStream stream = client.GetStream();
OObeKT stream THNA NetworkStream MHKANCy/JHPYeT HHU3KOYPOBHEBbIE CCTCBBIC
(yHKUMM M ovcHb ynobeH ans opranusaluy rnepefayn/npuema AaHHbIX M0 ceTe-
BOoMY kaHany. [lotok 6aiiToB nanHbIx, nocrynaroux oT kaucHra TCP, uuraerces ¢
NOMOWIBIO METOJA Read MOTOKA stream B Oydep buf. s orobpakenus conep-
xumMoro Oydepa naHibIX Ha 3KpaHe KOHCOIH HY)KHO npeobpa3osars ero B (popaat
CTPOKH String. DTY 3afavy BbIIOJHSET OniepaTop
sl = System.Text.ASCIIEncoding.ASCII.GetString

(buf, C, bytesRead);
HatHble, npeobpa3oBaHible B OPMAT CTPOKH, OTOOpaKaloTes Ha 3Kpalie nocpei-
CTBOM Ofeparopa
Console.lWriteLine ("DATA REZHIVED: " + sl);
[lo okowuuanun 06paGoTku AatibX 00BEKT stream WM "pabouuil COKET ciient
3aKPbIBAlOTCA. M CETEBOH cealic ¢ KIUEHTOM 3aKaHUYHBACTCH.

Hcxoanstit Teker npunokenusi-knuenra TCP nokasau 8 auctunre 4.24.
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public static void serialPortl DataReceived
(object sender, SerialDataReceivedEventArgs e)
{

byte(] buf = new byte([1024];

String sl = serialPortl.ReadLine();

IPAddress addr = IPAddress.Parse("127.0.0.1");
IPEndPoint iep = new IPEndPoint (addr, 5151);
TcpClient client = new TcpClient();

client.Connect (iep) ;

NetworkStream stream = client.GetStream();

int bytesRead = System.Text.ASCIIEncoding.ASCII.GetBytes
(sl, 0, sl.Length, buf, 0);

stream.Write (buf, 0, bytesRead);

stream.Close () ;

client.Close();

—

B KnHMeHTCKOM TpUIOMEHHH UCTONb3YETCs NPOCTPAHCTBO UMEH System.Net, Kak
M B CEPBEPHOM MPUIIOMECHHH, U, KPOME TOrO, System.I0. Ports. [IpMeM aanHbIX ¢
nocnenosarenbHoro nopra COM4 BbinonHsercs B OTAeNbHOM MOTOKe, (hYHKLIHS
ThreadProc KOTOPOrO 3amyckaeT 00paboTuMK COOLITHS DataReceived Kiacca
SerialPort. DyHKUMA-0OpabOTUMK serialPortl DataReceived  COOBLITHS
DataReceived COOCTBEHHO W BbIMOJIIISET OCHOBHYIO padoTy.

IMpu rocTynneHuu ¢ nocnefoBaTeIbHOrO NopTa AalHble 3aNUCbIBAIOTCS B CTPOKY
s1 (pyHKUHEN ReadLine kilacca serialPortl. 3aTeM CO31aeTCA KIMEHTCKHI COKET
client, Yepe3 KOTOpbIH M OyaeT BuinonuaThes nepeaaya nauusix TCP-cepsepy:

TcpClient client = new TcpClient();
Kak 1 B cepBepHOM MpPUIOXKEHHH, COKET NOMMKEH ObITL MPUBSI3aH K KOHKPETHOMY
azipecy W nopty (00beKT iep).

B OTNIHYHuEe OT cepBepHoro anﬂO)KellMﬂ 31€Cb HE HYXHO MNpoCinyLInBaThb
BXOAALUIME COeOHWHEHUS, no3TOMYy KJIMEHTCKUIM COKET TOJK/I04YaeTcs K cepeepy
METOLOM Connect:

client.Connect (iep) ;
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var
Fcrml: TForml;
sl: String;
sbuf: String;

implementation
{$SR *.dfm}

procedure TForml.ApdComPortlTriggerAvail(CP: TObject; Count: Word);
var
1: Word;
C: Cnar;
begin
for I := 1 to Count do
begin
C:= ApdComPortl.GetChar() ;
sl:= sl + C;
if C = #10 then
begin
Memol.lines.Append(sl);
sbuf:= si;
sl:="";
end;
end;

end;

procedure TForml.FormClose (Sender: TOkbject; var Action: TCloseAction);
begin

TcpServerl.Active:= False;

ApdComPortl.Open:= False;

end;

procedure TForml.FormCreate(Sender: TObject);
begin

TcpServerl.Active:= True;
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uses
Windows, Messages, SysUtils, Variants, Classes, Graphics,

Controls, Fcrms, Dialogs, StdCrrls, Sockets;

type
TFerml = class(TForm)
Memol: TMemo;
TcpClientl: TTcpClient;
Buttonl: TButton;
procedure FormCreate (Sender: TObject);
orocedure FormClose{Sender: TObject; var Action: TCloseAction)};
procedure ButtoniClick(Sender: TCbject);
rivate
{ Private declarations }
public
{ Public declarations }

end;

var
Formi: TForml;
sl: String;

implementation

{$SR *.dfm}

procedure TForml.ButtoniClick(Sender: TObject);
begin
if TcpClientl.Connected = False then
TcpClientl.Connect{);
sl:= TcpClientl.Receiveln{);
TcpClientl.Disconnect () ;
Memol.Lines.Add(sl) ;

end;

procedure TForml.FormClose (Sender: TObject; var Action: TCloseRction);

begin



TcpClientl.Active:= False;

end;

procedure TForml.FormCreate (Sender: TObject);
begin
TcpClientl.Active:= True;

end;

end.

Komnonent TTcepClient akTvBU3MpyeTcs npu 3amycke NpPUIOXKEHHs (COObITHE
FormCreate) M OCTAHAB/IMBAETCs MO 3aBEPLUEHUH pabOThl NPUIOXKEHHUS (COOBITHE
FormClose). JInsi 3K3emMnaspa KOMIOHEHTa TCPClientl HY>KHO YCTaHOBMTb [P-
ajpec yaalieHHOro xocta (CBOMCTBO RemoteHost) B 127.0.0.1 u 3HauyeHue nopra
(cBO¥CTBO RemotePort), paBHoe S151.

Urenne nanHbix ¢ TCP-cepsepa ocywectsnsercs npu Haxathu kHonku Read
Data (06paboTumnk ButtonlClick). B otnnuue ot cepsepa, knuenty TCP He Hyx-
HO NPOC/YLIXBaTb COEIMHEHUs], MOITOMY OH BbIMOJHSAET 3aMpoC Ha COEMHEHUE
(ecnu OTCYTCTBYET) C CepBEPOM C NMOMOLLBIO (PYHKLMH Connect:
TcpClientl.Connect () ;

IMocne YCTAHOBJIEHUA COCAHWHEHHA MOXXHO NMpUHHMATL JaHHbIC OT CCpBEpa, 4TO
BbITOJIHAET Oreparop

sl:= TcpClientl.Receiveln();

CTpoka AaHHbIX NOMeLlaeTcs B NEPEMEHHYIO s1 TUMNa String U BLIBOAMTCS B OKHO
penakropa Memol.

Cnenyer obpaTuTh Balle BHUMaHUE Ha TO, 4TO MPH pa3paboTKe AEeMOHCTPALHOH-
HBIX MPUJIOXKEHUH Mbl HE YYMTBIBAIM BO3MOXKHBLIX COOHMHBIX CUTyauWi, KOTOpbIE
MOTYT BO3HHKaTb B Mpouecce oOMeHa JaHHbIMH, HanpuMep, OTCYTCTBHE HecyuleH
npu pabote ¢ RS-232, unu oTcyTcTBUE CETEBOr0 COEAUHEHHS MEXKAY KAHEHTOM H
cepsepoM. B peanbHbix pazpaboTkax HyxxHo oGs3arenbHo obpabarbiBaTh NMoaob-
Hbl€ CHTYaLHH, UCNOJIL3YS COOTBETCTBYIOLUME MPOrpaMMHbIC MEXAHU3MBI.
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O1OR-OpUCHMUPOSUNILIX  yCmpoticnis  00padaTbliBalOTCS  IpalBepaMH, KOTOpbIE
OCYUIECTBJISIIOT BBOA-BbIBOJ OOIbLUMMH OJIOKAMU W BO3/1araiotT 00s3alHOCTH f10
BbIMOJHEHWIO 3ajay Oydepusaumn Ha sapo. HekoTtopble THb annapaTHbIX
CpeACTB, TAKWE KAK HAKOMUTESM Ha XKECTKUX JAMCKaX (BHHUYECTEpbl) W MArHUTHbLIX
JIEHTaxX, MOryT ObITb NpeacTasyietbl (haiknamu JHodOro Tuna.

B cucreme MOXKCT MpPHUCYTCTBOBATL HECKOJBKO OAHOTHIHBIX YCTPOMCTB, 110ITOMY
¢alinbl YCTPOWICTB XapaKTEpU3YIOTCS ABYMsS HOMEPAMM: CTAPIUMM U MJIAALLINM.
Crapiuuii HoMEp yCTpoiCTBa MH(POPMUPYET AP0, K KAaKOMY ApaiBepy OTHOCHTCS
JaHHbIA (ailyl, a mnaaumuid HOMEp COOOLIAeT ApaiBepy, K Kakomy (pM3HMUCCKOMY
ycTpoiictBy caeayer obpaiuarbes. llanpumep, crapumii Homep ycrpoiictea 4 B
Linux obo3nauaeT ApaiiBep nocneaosaTelbiioro nopra. [lepsblii nocnenosatenbHbIi
nopt (/dev/ttyS0) 6yzneT umeTs cTapiumii Homep 4 1 maaauini Homep 0.

HekoTtopbie fpaliBepbl HCMObL3YIOT MAAILWHA HOMEP YCTPOHCTBA HECTAHAAPTHBIM
cnocobom. Hanpumep, apaiiBepbl HaKONUTENEH Ha MAarHUTHBIX JICHTAX 4acTo py-
KOBOJICTBYIOTCSl MM [1PH BbIOOPE MIAOTHOCTH 3aMUCH. a TAKXKE ONPEAesioT, HyX IO
AU repeMoTaTh JIEHTY ociae 3akpbiTHs (haiina yctpoiicTBa. B nekotopbix cucre-
Max fpaiBep TepMHHAasa, YNpaBisiOIUMI NOCAEA0BATENbHBIMH YCTPOHCTBAMH,
MCTIOJB3YET MIaALIKE HOMEPA YCTPOHCTB AN MACHTH(HMKAUMHY MOACMOB.

B coBpementibix daiinopbix cuctemax UNIX onpeacnen unrepdeiic yposns sapa.
No3BOJIAIOWMI paboTaTh C pa3nMUHBIMK annapatisiMu viirepgeiicamu. Tlpu 3Tom
yacTh (haisior obpadaTbiBaCTCS TPAAHUMOHHON AUCKOBOH MO/CHCTCMOM, Apyruc
YNpaBasioTcs OTAENbHBIMHM ApalBepaMu siapa, Kak B ciy4ae ceTeBbix (haiaoBbix
CUCTEM, IAe MCRojb3yeTcs apaiBep, MnepeHanpasfsiolHid 3anpockl ceprRepy Ha
LpyroW KOMIbIOTED.

[Tockonbky Bece ycrpoiictea UNIX noctynibl nocpeacTBosm (aiinos ycTpoicTs, TO
A1 HUX JeHCTBUTESIbHBI BCE Orepauuu, BhinonHscnMble Han daiiiamu. Tem e me-
Hee, CYILeCTBYET W onpeaeseHHas cneurduka paboTbl C yCTPOHCTBAMU, KOTOPYIO
HEeOOXOAMMO YUHTBIBATb MPU PA3TUUHBIX MAHUITYJISIMAX C 3TUMU OOBEKTANM.

Bce ycrpoiictBa onepaunoHHoi cucTtembl 06pa3yloT Tak Ha3blBACMYIO HoOcucHe-
MY 66000-6b16004, CBS3bIBAIOLLYIO padoTaiollue Ipouecchl ¢ nepupepHitHbIMU
YCTPOACTBAMM, TAKUMH KaK HAKOIMUTENU HA MarHUTHBIX AHCKAX M JICHTAX, TCPMH-
Haflbl, MPUHTEPLI M CETH, C OJHOM CTOPOHDLI, U C MOAYISAMH A1pa, KOTOpLIC YIIpaB-
ASKOT YyCTPOMCTBAMM M UMEHYIOTCS IpaiiBepamu yCTPOHCTB, ¢ Apyroi. Jlpaiisepsbi
YCTPO#CTB yNpapasiOT KAKUM-1MO0 OAHWUM THMOM YCTPOUCTB — B CHCTEMC MOMKCT
ObITh OAMH JIMCKOBBIN ApaiiBep AN ynpaslienusi BCEMU AMCKOBOAAMM, OIHH Tep-
MUHaJIbHBINA gpaiiBep AN ynpassieHds BCEMM TepPMUHANaMM W OAMH JICHTOUHbLIH
ApaiiBep Ans yupasieHust BCEMH JICHTOUHBIMU HAKOMUTEIAMMU.



226 aea 5

Ecnu B cucTreme MUMCIOTCS OJHOTHMIHBIE YCTPOWCTBA OT pa3sHbIX HM3rOTOBMTEICH,
Hanpumep, [B€ MapKH JICHTOUHbIX HAKONUTEsEeH, TO OHW BOCIIPUHHUMAIOTCS CHCTC-
MO KaK YCTPOMCTBA [IByX Pa3/IMuHbIX TUNOB, 4TO TPeOyeT HaIUUUA JBYX OT/ENib-
HbIX JpaiiBepOB M3-3a PA3IUUHBIX YNPABJISIOMUX KOMaH [Ulsl 3THX YCTPOKCTB.

Kpome Toro, cuctema noaaepKUBaeT Tak Ha3biBAEMbIC GUPIMYLILHBIC YCMPOUCIGA,
C KOTOPbIMM He CBSI3aHO HU OJIHO KOHKpeTHoe (hu3nueckoe ycTpoiicTso. [Tpumepom
TAKOro YCTPOMCTBA MOJKET BbICTynaTh (hu3Mueckas nmamsate. B oTom ecTb onpene-
JIEHHBIH CMbICI1, MOCKOJIbKY MO3BOJIET Npoueccy obpallaThest K NamMaTH Kak K yCT-
poicty. Komanaa ps, Hanpumep, obpaluaercss K HHQOPMALMOHHLIM CTPYKTYpant
sapa B puznueckoit namMaTH, 4ToObl COOOLUMTL CTATUCTHKY MPOLIECCOB.

Onepaunonnas cucrtema UNIX nonaepykuBaeT nsa Tuna yCTpoilcTs — yCTpOHCTBA
BBOJa-BbIBOJA BJOKAMH M YCTpPOIHCTBA HECTPYKTYPUPOBAHHOMO WMJIW MOCUMBOJIBHO-
ro BBOJA-BbIBOAA. Ycmipoucmea 6800a-8ui600d OAOKAMU VI D.1041bIC YCMPOTICH-
6a 6800A-6bIG00U, TaKUE KaK AUCKH M JeHTbl, U181 OCTaIbHOH HaCTH CHUCTEMbI
BBIMISAAT KaK 3aMOMHHAIOLUME YCTPOMCTBA ¢ NPOU3BOIbLHOW BLIOOPKOW. Yempoii-
cmea noOCUMGBOIbHO20 6BO0A-GLIGO0A MAHWUMYJIMPYIOT C IPOHU3BOJIbHBIM MOTOKOM
JaHHBIX B BHJE NOCAEA0BaTENbHOCTH 6aiTOB. K HUM OTHOCATCS BCE OCTallbibIC
YCTpOHCTBa, B TOM uMclle TEPMHHAIIBI U ceTeBoe obopynosanue. [locieqoBarens-
Hbl€ NOPTbI TAKXKE OTHOCATCS K YCTPOICTBaM NOCHMBOJILHOINO BBOAA-BbIBOA.

INonb3oBaTenbckue nporpamMMbl B3aHMOAEHCTBYIOT C YCTPOWCTBAMH MOCPEACTBOM
cnieurasnbHbIX GailoB YCTPOHCTB, KOTOPbIE 3aHUMAIOT OMNpe/lesIEHHOE MECTO B He-
papxuu karasioros (ainosoii cucrembl. Qaiin ycrpoiicTa oTaM4aeTcs OT APYrux
GalIoB THMOM, XpaHALIMMCS B €ro HHIEKCe, B 3aBUCMMOCTH OT YCTPOMCTBa
(6nouHoe UM CUMBOJILHOE), KOTOpPOE OH MpeacTaBaser. B Tex cayuasx, kKoraa
YCTPOWCTBO MMeEeT Kak ONOUHbIH, TaK U CUHMBONbHBLIN UHTEpdeiic, Aas Hero ornpe-
nenenbl ABa (aiina: cneunanbhblii (aiin 6104HOrO yCTpOHCTBa BBOAA-BLIBOJAA M
cneuranbHeli daitn ycTpoicTBa MOCHMBOIBHOIO BBOIA-BbIBOJA.

Daiinbl yCTPONCTB, Tak ke Kak M oObiuHbie (aisibl, ynpapiasioTCsl CUCTECMHBIMU
BbI3OBAMH open (), close (), read () Hwrite().

Qaiinb ycrpoiicts B UNIX 0603HAUAOTCS CIELHANBHBIM obpaszom. Hanpumep.
daiin /dev/console cooTBeTCTBYET TepMHUHANY KOHCONH. BbIBOA. HanpasieHHblii B
cneumanbHblit (aiin /dev/console, Oyner nosBAATbCA HAa IKpaHE TEPMHHAIA, a NPH
NONbITKE NPOYMTaTh faHHbie U3 ¢aiina /dev/console dakTuuecky Oyaer npouuTan
CHMMBOJI C KnaBuaTypbl. Daiin nepBoro nocneaoBaTesLHOro nopra 0603HauvaeTCs
kak /dev/ttySO. Hekoropsie aiinbi ycTpoicTs umeloT ocoboe HazHaueHne U cCbl-
JIal0TCS Ha CEPBUCHI ONEPaLiMOHHOM CHCTEMbL, HanpuMep, /dev/null, /dev/random.
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Hns coznanus painoB yCTpOMCTB CyLIECTBYET KOMaH/1a mknod, B KOTOPO# yKasbl-
BaeTcst TMN (haiina (6I0UHBIH WM CHMMBOJbHLIN), a TakKe CTapliMii U MAaaLIKi
HoMepa ycrpoicTea. Co3naBath (aitfl yCTPOHCTBA MOKET TOJILKO CyMepIiosib30Ba-
Tenb root. Komanaa mknod MMEET TaKol CHHTaKCHC:

mknod [onumu] mma {bcC} cTapunyi HOMED MIAIUMIA HOMED

mknod [onumm] mma p

HUms ycrpoiictea nomkHo ObiTh 3anaHo B Gopme /dev/dev_name. Tun ycrpoiicTsa
YKa3blBa€TCst CHMBOJIOM ¢ (U1 CUMBOJIbHBIX YCTPOHCTB ¢ NOGaiTOBbLIM OCTYIIOM,
Kak, HanpuMmep, NocaeaoBaTeNbHbIE NOPTbI) WIK CUMBONIOM b (A8 6JI0YHBIX YCT-
pOMCTB, C KOTOPbIMH BO3MOX€H OOMEH JaHHbIMU GJI0KaMH, Harnpumep, Ui IMCKO-
BbIX HaKOMHUTeENEH).

Cnenyrowunii napamerp npeacrasiser cobol crapiunii HoMep yHHUKaNbHOrO MACH-
THUKATOPa, XapaKTepH3YIOLLero rpyrnmny ycTpoiucTs (Hanpumep, 4 — uaeHTudu-
KaTop BUPTYaJIbHbIX TEPMHUHAJIOB).

[Tocne crapiiero HoMepa yKasbiBatOT MJAALIMII HOMEp YCTPOWCTBA, MNpCACTaB-
nsrori coboil MAEHTUGHUKATOP KOHKPETHOTO YCTpOCTBA B JaHHOW rpynne (Ha-
npumep, miaawuidi Homep 0 B rpynne crapiuiero Homepa 4 — uaeHTH(UKATOp
nepBoil CUCTEMHOW BMPTyanbHOHW KOHCOJIM, a 63 — uaeHTHU(MKaTOp nocnenHewn
TEOPETHYECKH BO3MOXKHON M3 HUX).

Cmapwiuii Homep ycmpoticmea TNOKa3biBa€T €ro THI, KOTOPOMY COOTBETCTBYET
TOYKA BXOJa B TabjHue Kitouel YCTPOUCTB, Maaowuil nomep yCcmpoucmed — 3710
MOPsSIKOBbIH HOMEp eAHHULIbI YCTpoicTBa AaHHOoro tuna. C ooHWUM CTapuIMM HO-
MEpOM YCTPOHCTBA MOXET ObITh CBA3AHO MHOXKECTBO NepHdepHiHbLIX YCTPOHCTB,
a Mnagwuii Homep yCTpoHCTBa MO3BOJSET OTJIMYHWTL MX OAHO OT apyroro. He
HY>KHO CO3AaBaTh CrielHasibHble (hakibli YCTPOHCTB NpH KaXKIOH 3arpy3Kke cucTe-
Mbl; WX IOCTaTOYHO KOPPEKTHPOBATh, €CJIU U3MEHWIACh KOH(Urypallus CUCTEMBI,
HarpuMep, eciiv K yCTaHOBNEHHOH KOH(HrypaunH 6biH 1o6aBiaeHbl yCTPOICTBA.

Kpome ykazanHbiX, kOMaHaa mknod MOXET MPUHUMATL W JAOMOJHUTENLHBIE OMLUUH
GNU:

[-m npaBa] [--help] [--version] [--]

B cnenytowem npumepe cosaaercs ycrpoicteo /dev/ttySS:

# mknod /dev/ttyS c 4 5

3neck napameTp c ykasbiBaeT Ha THIN YCTPOHCTBA (B JaHHOM CJlyyae, CUMBOJIbHOE),
4 — cTapwmii HoMep yCTpOiCTBa, a 5 — MIIALIKMI HOMEP YCTPOHCTBA.









Jlns HacTpOMKM KOHKPETHOro BbIOpaHHOrO MOC/HenOBaTeNIbHOro HHTep(deiica
MO>KHO BOCIOJ1b30BaTbCS OIHOM W3 CTaHJAPTHBIX YTUAMT setserial unu minicom.

5.1.1. Nporpamma setserial

[Mporpamma setserial Bk/touaercs Bo BCe BEpCHM ONEpaLMOHHBIX cucTeM Linux u
MCIOJIb3yeTCs ANs noslydeHus MHhopMauuu o KOHGUrypauHu NoCIeN0BaTeNbHbIX
uHTEepdeHCoB OnepaLMOHHON CHCTEMBI, a TAKXKE [UIs YCTaHOBKHM MapaMeTpoB Mo-
cnenosatebHbIX NopToB. [lpu HauanbHOM 3arpy3ke onepaLHoOHHON CHCTEMbl HHH-
uranusupytorcs noprst COM1—COM4, npu 3TOM UM MpUCBaUBaKOTCs annapar-
Hble pecypchl (ampeca MNMOPTOB BBOLA-BbIBOJA M HOMepa MpepbiBaHUA) 1o
ymonuaHuio. C MOMOLUIbIO YTHIIUTHI setserial MOKHO M3MEHHUTh napameTpbl KOH(pH-
rypaumu. [lporpamma umeeT CacayroLWMii CHHTAKCHC:

setserial [ -abgvVWz ] device [ parameterl [ arg ] ]

setserial -g [ -abGv ] devicel ...

HacTtpolika mapameTpoB nocfenoBaTebHOrO MopTa MPOHUCXOAMT NPH 3arpyske
OMNepaLMoHHON cucTeMbl. YTUnKTa setserial Bbi3bIBaeTCsi, Kak MpaBHIIO, W3 KO-
MaHaHoro ckpunra rc.local, koTopbiii pa3meuied B kartanore /etc/rc.local. [lapa-
METp device B CMUCKE NapaMeTPOB KOMaH/b! setserial umeer Bua /dev/ttySx, rue x
HaxoauTcs B AuanasoHe 0—3. JIns koH$HrypupoBaHHs MOCIEA0BaTENbHONO NOp-
Ta B Linux TpebytoTcs, Kak npasuio, Npasa Cyneprosib30Baresns root, XoTs HEKO-
Topble NnapameTpbl MOTYT ObITb HACTPOEHbI U OOBIYHBIM MOJB30BaTEAeM. B 11060M
CllyHae HY>KHO MPOCMOTPETb Man-CTPaHHLY JaHHOM KOMaH/bI.

Ecnu komanpa Beoautcst 6€3 napameTpoB, TO Ha 3KpaH KOHCOJIM BbIBOASTCS 6a30-
BbI€ XapaKTEPUCTHKH MnocieaosaTeabHoro nopra (tun mukpocxembl UART
(8250A, 16450, 16550, 16550 u 1. 1)), anpec 6a30BOro nNopra NnocaeaoBaTe1bHOIO
uHTep(eiica, HoMep NPUCBOEHHOMN JIMHWK TIPEPbIBAHHS U COCTOSAHHE HEKOTOPbIX
(hnaroB ynpaBneHus 1 COCTOSHUSI.

BoT cMbicn HekoTopbix onuuii koMaHzbl setserial:

O -g— BbiBOAsSTCS 0a30BblEe XapaKTEPUCTUKM YKa3aHHOrO MOC/IEA0BATEILHOTO
uHTEepdetica;

O -a— BbIBOAMTCA noapoOHas uidopmauus o KOH(GHUrypauru nocaeaoBaresib-
HOTO MopTa;

0O -b— BbIBOAMTCS cyMMaptiast uH(popMauust 00 yCTpoiicTBe, OObIYHO HUCMOJb-
3y€TCs B Mpouecce HaudalbHOW 3arpy3KH CMCTEMbl MPH BLIMOJIHEHHH CKpPHUNTa
rc.serial;
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o

a
a

-G — BBLIBOAMT uH(popmaumio o koHdurypauru B ¢opmare, ross KOToOporo
MOXCHO MCTOJIb30BaTL B KauecTBE NapamMeTpoB KOMAHAHON CTPOKH MpH Ha-
CTPOMKE MOCJIEA0BATENILHOrO MOpTa:

-v — BBIBOAWT JOMOJHUTCIABHYIO HH(POPMALIMIO O COCTOSHUM 110C/Ie10BaTENb-
HOro nopra:

-V — BBIBOAMT HH(POPMALMIO O BEPCHH MPOrpamMmbi;

-z — NpPeABapUTENIbHO OYMLLACT BCe iaru COCTOsIHUSI neped WX MOBTOPHOM
YCTaHOBKOA.

V1unuta setserial nospossier HaCTPOMTbL MOCAENOBATENbHBIH MOPT C MOMOLLBIO
YCTaHOBKH COOTBETCTBYIOLUMX napameTpoB. Bce 3Hauenus nmapameTpoB npeamnona-
ratotcs B IeCATUYHOM (popmare, a s YCTAHOBKH LIECTHALLATEPHYHOrO 3HaUeHHs
HY)XXHO Hcrnonb3oBath npedukc "0x". BoT cMbicn HEKOTOpBIX MapamMeTpoB Npo-
rpammbl setserial:

0
a
a

port Homep nopra — MO3BONAECT YCTAHOBHUTb HOMED MOPTA;
irq Homep npeprBaumsa — TMO3BOJISET HA3HAUMTD THHHIO NpepbiBanus IRQ:

uart Tmn_ycrposicrea — MNO3BONAET ykazaTb Tun yctpoictBa UART, wuc-
roJ1b3yeMoro B nocjieioBaresibHoM WHTepdeiice. lonycTuMo 3aaaBaTh TUMbL:
none, 8250, 16450, 16550, 16550A, 16650, 16650V2, 16654. 16750, 16850.
16950, 16954. Ecnu yka3aHo 3HaueHue "none", TO MOpPT OTKJIOUaeTcs. ITOT
napameTp 4acto TpebyeTcs NpH 3aAaHWK TUMAa aCMHXPOHHOrO npuemornepe-
natuuka (UART) nns PCl-nnar pacuivpeHus, KOTOPbIC MOTYT He WeHTH(U-
uupoBathes yTuauToi setserial. O6biudo Tin UART Takux ycTpo#icTB ycra-
HaBnuBaetcs kKak "unknown". Tlepen ycTaHoBKOW THna MHMKpPOCXEMDI
aCHMHXPOHIOro NpuUeMonepeaaTyrKa niarThl pacliMpeHus uHTepdeiica ciedyert
IEeTallbHO U3YUYHTh TEXHUYECKYIO JIOKYMEHTALIMIO Ha TaKUE YCTPONCTBA;

autoconfig — MpH yKa3aHUM ITOrO napamerpa nporpamma setserial 3anpa-
LIMBAET SAPO ANS BbIMOAHEHHUS aBTOMaTHUCCKOro KOH(pUrypHpoBaius nocie-
JoBaTenbHOro nopra. JIns koppekTHoH HacTpoiKW HEO0OXOAUMO MpPaBHILHO
yka3zatb aapec 6a30BOro nopra BBoja-BbiBoAa. B 3Tom ciyuae sapo nomnbira-
ercs onpeaenuts T UART, a npu yka3anuu napameTpa auto_irg MoOMbITa-
eTcsi MpPHCBOUTL YCTpOHCTBY HOMep nuHMM npepbiBanust IRQ. [lapamerp
autoconfig MOMCHO 3ajaBaTb TOJILKO MOCIE TOTO, KaK yKa3aH HOMCp IMopTa
(port Homep mopra), aBTOMATHUECKOE MPUCBOCHHE JIMHUH MpepbiBaHWs
(auto_irg) M OponycK TECTHPOBaHHMS ACHMHXPOHHOrO MpHeMoriepesaTurKa
(skip_test);



232

naea 5

auto_irqg— MPH 3aJaHUK rapaMeTpa aBTOKOH(UTrypupoBaHUs (autoconfiq)
BBITOJIHACTCS MOMNbITKA Ha31aYeHUs] JIMHUM NPCPbIBAHUSA YCTpoicTBY. B uenom
psze ciyvyaeB MpaBWbIBLIA Pe3ybTaT TaKOW HACTPOMKM HE rapaHTHPYEeTCs.
Jlyuwie Bcero msderaTh MCI0:1b30BaMs 3TOrO I1apamMeTpa. a BMECTO HEro Ha-
CTPOUTHL NpepblBaHKe, 3aaB siBHbIM 0Opazom Homep IRQ B napasietpe irg;

~auto_irg — 3anpellaer ornpeaensTh JUHUIO npepbiBatus IRQ s ycrpoii-
CTBa MpH aBTOKOH(UIYpUPOBAHUH;

skip test — YKa3blBaeT Ha HEOOXOAMMOCTb rponycka rectuposatins UART.
B HexkoTopbIX ciyyasix MpoOIyCK TECTUPOBaHHs THMA AaCHHXPOHHOIO TPHEMO-
nepefaTuMKa OKa3bIBAETCH MOJIe3HBbIN. [les10 B TOM, 4TO B LieSIOM psijie yCT-
poiicTB Mcnosnb3yloTest Mukpoexembl UART, koTopble He NOAHOCTHLIO coBMeC-
TUMBI C KJIJACCHYECKUMH THIMAMH TaKWX YCTPOHCTB, HanNpumep, B HUX MOMKET
OTCYTCTBOBATh PE’KMM BHYTPCHHEH AMarHOCTHKM NP 3aMblKaHUM BbIXOAA Ha
Bxoa (loopback diagnostic). Ilponyck TecTUpoBaHUs B TAKUX Clly4asix MO3BO-
JuT aapy Linux npaBusiibio CKOH(DUIypupoBaTh yCTpOHCTBO;

~skip_test — YKa3bIBET 11a 0043aTeNbHOE BhIlIOIHEHWE TecTHpoBanus UART
NpH aBTOKOHQUTYPUPOBAHHH;

baud _base ckopocTih_ obmera — MNO3BOJACT YCTaHOBHTb CKOpPOCTH obmena,
KOTOpast BbIYUCAACTCS A€ICHUEM TAKTOBOH HaCTOTbl KPUCTaJ1a MHKPOCXEMbI
UART Ha 16. O0Obiuto 270 3Hauenue paBHo MakcumanbHoil s UART ckopo-
ctvn 115200 6ox;

spd_hi — mno3soaser pabortaTb Ha ckopoctH 57,6 Kbon ans npuiloxeHui,
KOTOpbIC HAcTpOCHbl Ha ckopocTb 38.4 Kboa. DToT napaMeTp MOKeT yCTaHoO-
BUTb HEMPHUBUIErMPOBAHHbIN MOJ1b30BATE b,

spd_vhi — no3Bonser paboraTh Ha ckopoctu 115 KGon ans npuiomeHuid,
KOTOpble HacTpoeHbl Ha ckopocTb 38,4 Kbon. DToT napameTp MOKET YCTaHO-
BMTb HCMPUBHJICIUPOBAHHDIH 110/1b30BaTEIIb:

spd_shi — no3BossieT pabortate Ha ckopoctu 230 KGox /uis npuiaokeHHi,
KOTOpbl€ HaCTpOeHbl Ha ckopocTb 38,4 Kboa. OToT napamerp MOXeT ycTaHO-
BUTb HEMPUBHIICTHPOBAHHbBIH M0JIL30BATCIb;

spd_warp — nosponser paborats Ha ckopocty 460 KSoa ans npunoxenu,
KOTOpble HAcTpoeHbl Ha ckopocTh 38,4 Kboa. DToT mapamMeTp MoxkeT ycTaHo-
BWTb HEMPUBUCTUPOBAHHLIH 11071b30BaTESb: '

spd_cust — MO3BOJISIET YCTAHOBUTb MOIBL30BATCILCKOE 3HAUCHUE KO-
€HTa JEe/IeHUs TAKTOBOW 4aCTOTbI AJS NPUIOKEHHH, KOTOpblE HACTPOEibl Ha
ckopocTb 38,4 K6ou. B oTom cayuae ckopocTh oOmeHa Oyaer onpeaeisthes
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KaK pesyJIbTaT AeJeHUs napamerpa baud base Ha Napamerp spd cust. JTOT
napameTp MOXET YCTaHOBUTh HEIIPUBHIICTHPOBAHHbII MOjIb30BATE b}

O spd_normal — no3ponseT pabotath Ha ckopocTH 38,4 Kbon ans npunoxe-
HUH, KOTOpble HAaCTpoeHbl Ha ckopocTb 38,4 Kboa. DToT napamerp MOXKeET yc-
TaHOBHUTb HCTPUBHIETMPOBAHHbLIH NOJIb30BATESb:

O divisor ko3douumeHT nenenrs — MO3BOJIAET YCTAHOBUTD MOJ1L30BATEAbCKOC
3Hauenue kodduimeHTa aencHus. [lapameTp ROMKEH MPUMEHATHCS, €CH
BbIOpaH PeXXUM spd_cust H MOCJICHOBATE/bHbII MOPT HACTPOEH HA CKOPOCTH
obmeHa 38,4 K6oa. DToT mapaMerp MOXET YCTAHOBUTb HENPUBHIIErHPOBAH-
1bli1 NONb3OBaTENb;

0O close_delay sanepxkxa — YCTaHaBIMBAaCT MHTEPBaN BpeMEHHU (B COTbIX [10-
X CeKyHIbl), B TEUEHHE KOTOPOro curHai Ha Jiniuu DTR gomxkeH ocraBaTh-
C Ha HU3KOM YPOBHE MOCHE OTK/IOUEHHS BbI3bIBAIOLLEr0 YCTPOHCTBA mepen
NOBTOPHOHN YCTAHOBKOHM 3TOrO CHMrHana B BbICOKMH YPOBCHb. 3HAuY€HHC 110
YMOJTHAHHIO ISl 3TOro napamerpa npuHumaetcs pasHbim 50 (0,5 cek);

O closing wait 3azepxka— YCTaHABJIMBACT UHTCPBai BpeMeHH (B COTHIX 110-
ASX CEKYH[Ibl), B TEUEHUE KOTOPOTO SAPO J0HKHO 0XKUAATh Mepeayuud JaHibiX
yepe3 MocjefoBaTebHbIH NOPT nepel 3akpbiTeM nopra. Eciau B kauectse
napamerpa ykasaHo "none", 3azepxka He npoucxoauT. Ecau ykasano
"infinite", sapo Gyaer "GeckoHeuHO" 0XKKMAATHL 3aBepLICHHs OOMEHa AaHHbIMU.
3HaueHHe no yMosyaHuio 3toro napametpa pasio 3000 (30 cek). Ecnu ykaza-
HO CIULIKOM O0JIbLIOE 3HAYCHHUE, TO MOCeJ0BaTEe/IbHLIA MOPT MOXKET "3aBHC-
HyTb" Ha AJUTENIbHOE BpeMs B Cllyyae, KOrAa MopT 3aKpblBAETCs Npu oOpbiBe
coenMHeHus, a B Oydepe npuemonepeaaryrka umerores aaibie. [pu Buidope
HeOONIbLIOrO MHTEPBAJIa OXKHUAAHUS BO3MOXKHA MOTEPst JAHHBIX, OCOOCHHO TPH
nepeaaye NaHHbIX OT CPABHUTEJIbHO MEIEHHOrO YCTPOWMCTBA, HanpuMep,
njaoTTepa. TOT NapaMeTp ciacayT BbIOMpaTh C YYETOM TEXHUYECKHUX XapaKTe-
PHUCTUK KOHKPETHOrO 000pYA0BaHHS, YUacCTBYIOLLEro B 0OMeHE HaHHBIMM.

B 3ToM cniMcke nepevncneHbl BaXcHelLIMe napaMeTpbl YCTAHOBKH MOC/IEA0BATC1b-
HOro NopTa, UCNoNb3yeMble YyTHIMTOM setserial. bonee noapobHyto HHbopMauuio
000 Bcex napaMeTpax KOMaHbl MOXKHO NOYEPMNHYTh U3 an-cTpaluL.

VYrunura setserial He BbINoOMHSET KOH(UrypUpPOBAHHC arnapaTHLIX HACTPOEK Mo-
Clle10BaTENLHOrO MOPTa, otia coodwaeT fapy Linux To1bKO BO3MOMXKHbIE 3HAYEHUS
9THX mapameTpoB. B Linux nocresoBarenbHbIM MOPTaM COOTBETCTBYHOT YCTPOM-
ctea /dev/ttyS*, koropble, B CBOIO odepeb, no ananorud ¢ MS-DOS, coorsetcT-
Bytor COM-nopram (tabs. 5.1).
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Tabnuya 5.1. Coomeemcmeue nocnedosamenbHsix nopmoe MS-DOS u Linux

YctpoucTteo B Linux Ycrpoicteo MS-DOS AnnaparHble pecypcbl
/devittys0 COM1 MopTt 0x3F8, IRQ = 4
/devlttys1 COM2 Mopt Ox2F8, IRQ =3
/devittys2 COM3 Mopt 0x3E8, IRQ = 4
/devittys3 COM4 MopTt Ox2E8, IRQ =3

Kak npaBusno, nocneaosaresibHbie NOPThl UCMOAB3YIOT JMHUKM 3 M 4 npepbiBaHuUs.
BbiaesneHre [ONOMHUTENbHBIX JIMHUIA NpepbiBalivs MOKET OKa3aTbCsi 3aTpyaHU-
TENbHbIM, XOTS MOXHO TNPUMEHHTb W YK€ 3a/eiCTBOBaHHbIE CUCTEMOH JIMHUU
npepbiBaHus. Hanpumep, B onepauMoOHHON cucTeMe npepbiBaHusi ¢ HOMEpaMu S
7 0ObiuHO BbiAEASIOTCS napaienbHbiM noptam LPT2 u LPT1 cooTBetcTBeHHO.
Ecau oauH unu oba npuHTEpa He NPUMEHSIOTCS, TO MOXCHO 3aAeHCTBaTh 3TH JU-
HHMW MpepbIBaHUS B MOCTENOBATENbHbIX NopraxX. Takol BapHaHT MOXET MpUro-
AUTLCSl MPU UCMOJb30BAHUW MOAYJIeH pacLUMpeHHs MOCaenoBaTeNbHOrO MopTa,
JUTS KOTOPBIX MOXKET HE 0Ka3aTbCsl CBOOOAHBIX IMHUH NPEpbIBaHUSL.

Iprmepbl Mcnonb3oBaHWs yTUNIUTHI setserial npuBeaeHb nanee.

# setserial -a /dev/ttySO

/dev/ttyS0, Line 0, UART: 16550A, Port: 0x03f§, IRQ: 4
Baud base: 115200, close delay: 50, divisor: O
closing wait: 3000
Flags: spd normal skip test

# setserial -a /dev/ttySl

/dev/ttySl, Line 1, UART: unknown, Port: 0x02f8, IRQ: 3
Baud_base: 115200, close delay: 50, divisor: 0
closing wait: 3000
Flags: spd normal skip test

3,[1er BbINOJIHACTCA BbIBOJ I/IH(bOpMalll/llrl (6] Iiapammpax NnocJICA0BATE/1IbHbLIX NOP-

ToB /dev/ttyS0O u /dev/ttyS1 (COMI u COM2 B ab6pesuatype MS-DOS) ¢ riomo-
LIbIO MapaMeTpa -a.

Ilepsbie nBa nocnenosarenbHbix nopra /dev/ttySO u /dev/ttyS1 npucyrcrsyior B
annapaTHOW 4YaCcTH MO YMOYaHHUIO H KOH(UrypuUpYyIOTCS CUCTEMOM aBTOMaTHue-
cku. OTnenbHble HACTPOHKH 3THUX MOPTOB MOXHO M3MEHHWTb, yKa3aB ornpejenet-
Hbl€ 3HAa4YE€HHUs PaCCMOTPEHHbIX pailiee NapaMeTpoB, HO CIEAYCT YHMTbIBATb. YTO
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NpH HEKOPPEKTHOM KOH(HUIYpHUpOBaHWM AOCTYN K MOpTaM MOXET OKa3arbes 3a-
6JI0KUPOBaHHbIM.

HemHoro cnoxxHee BbIrSaauT kapTuHa ¢ HacTpoikon PCl-monyned paciumpenus
BBOZAa-BblBOJA. J{ns HUX BbIAENAIOTCA, KaK NpaBuio, daiinbl yctpoicts /dev/ttyS2
u /dev/ttyS3 (COM3 u COM4 B a66pesuarype MS_DOS). [Ipu stom cuctema
MOET He CKOHGUIYpUpOBaTh HajseXkalllMM 0O6pa3oM Bce MapaMeTpbl YCTPOHCTBA.
Hanpumep, ans moayns pacwvpeHus NetMos ¢ 1ByMs JONOSHUTENbHbIMU NOCIIE-
J0OBaTeNbHbIMH MOPTaMH KOMaHAa setserial BbiBeaeT cneayoLLyo HHGopMauuio:

# setserial -a /dev/ttyS2

/dev/ttyS2, Line 2, UART: unknown, Port: 0x03e8, IRQ: 4
Baud base: 115200, close delay: 50, divisor: 0
closing wait: 3000

Flags: spd normal skip test

# setserial -a /dev/ttyS3
/dev/ttyS3, Line 3, UART: unknown, Port: 0x02e8, IRQ: 3
Baud base: 115200, close_delay: 50, divisor: O
closing wait: 3000
Flags: spd_normal
3nech He Obin onpeaenen tvn ycrpoiictea UART (unknown), nostomy Heobxo-

aumMo nubo 3afaTh peXHUM aBTOKOH(MHUIypHUpOBaHHs, MO0 YCTAHOBMTL THN YCT-
po¥CTBa BpYUHYIO C MOMOLLBIO NapaMeTpa uart.

BoiBo naHHBIX MPH 3aaHKWK oNuKK -G Ans nopra /dev/ttySO umeer Bua:
# setserial -G /dev/ttySO

/dev/ttySO uart 16550A port 0x03f8 irq 4 baud base 115200 spd_normal
skip_ test

lanee paccMOTPMM HECKOJIbKO TMPHMEPOB YCTAaHOBKHM MapameTpoB oOmeHa ans
nopra /dev/ttyS0. JIns ycTaHOBKH napameTpoB B KOMaHIOHOH CTPOKE MOC/e UMEHH
YTUIIUTBI ClleflyeT yKa3aTb MUMsl YCTPOWCTBA, a [ajiee TN W 3HAYEHHE NnapameTpa.
B creayrolmx KOMaHOHBIX CTPOKAx BBHIMONHSETCS YCTAHOBKA CKOPOCTH oOMeHa
(baud_base), paBHoit 9600 604, U NpoBepKa YCTaHOBIEHHOrO 3HAYEHHA:

# setserial /dev/ttySO Baud_base 9600

# setserial -a /dev/ttySO

/dev/ttyS0O, Line 0, UART: 16550A, Port: 0x03f8, IRQ: 4
Baud base: 9600, close_delay: 50, divisor: O
closing wait: 3000
Flags: spd normal skip test
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C nomoubio cheaytoulcd KoMalJHOH CTPOKH yCTaHABIMBAETCS THM YCTPOHCTBA
UART nas nopra /dev/ttyS0, copmecTumbiii ¢ 8250:
# setserial /dev/ttyS0 uart 8250

[Toa06HY0 KOMaHay MOXHO ucnosb3oBaTh A5 Hactpoitku PCl-nnar pacuiupe-
HUA, WIS KOTOPBIX MPH KOH(UIYpUPOBAHWUM 1€ ONPEAEEH THI ACHHXPOHHOrO
npuemMonepeaaT4yrKa.

5.1.2. lNporpamma minicom

Jpyrum nonyssipHbIM TPUAOKEHHEM. MCMONb3YEeMbIM U1 KOH(pHUrypHpoBaHus
MocJie0BATENIbHOTO NOPTa B ONEpaliMOHHLIX cUcTemax Linux. sBaseTcs yTuiuTa
minicom. No3BONsIONIast BLIOpaTh M YCTAHOBHTH MapameTpbl MOC/IEN0BaTENbHOTO
oOMeHa laHHbIMH € MOMOLLLIO TEKCTOBOrO OKHA. DTO MPUIOKEHHE SBJISETCS MHO-
ro()yHKLUMOHAbHBIM M MO3BOJISIET HACTPOUTb MapaMeTpbl MOCAEA0BATEIbHBIX HH-
TepteiicoB oOMeHa faHHbIMH, pexkum dial-up, napameTpbl aBTOI03BOHA, PeASTU30-
BaTb CLIEHAPUM JIOCTYNA HECKONbKWMX M0Jb30BaTeNled K KOMMYHWKaUMOHHBIM
pecypcaM M OOMEH J1aHHbIMHM C TIOMOLUbIO CKPUMTOB, 3aMyCKaeMbIX C MOMOLUbIO
CreuUranbHOrO BCTPOEHHOTO MIITCpRpeTaTopa, U T. A.

[TporpaMma minicom MMeeT clle1yIOLHI CHHTaKCHC:
minicom {-somMlwz8] [-c onloff]
{-S script] [-d entry]
[-a on!loff] [-t term]

{-p pty] [-C capturefile] [configuration]

B npocreiiiem Bapuante yTHAMTa minicom 3amycKaeTcst ¢ KOMaHAHOM cTpokH 6e3
NapaMeTpoB, MpH 3TOM UCMOMb3YIOTCS HACTPOHKK No ymosivanuio. [lpu 3anycke npo-
rpamMMa WLUET NEPEMEHHYIO OKPY KEHHs MINICOM C YCTAaHOB/IEHHBIMU MapaMeTpamH.

Bot cMbici Hanbonee yacTo UCnoab3yeMbiX OMNLMH KOMaHabl minicom:

O -s — ycraHoBka nporpammbl. [1pu yka3aHuu 3TOM ONuMu peaakTUPYIOTCs Ha-
CTPOMKM MO  YMOMYAaHWIO, COXpaHeHHble B  (aine  KoHpUrypauuu
fetc/minirc.dfl. DTa onums nonesHa NpU NepBOM 3amnycKe yTHIMTbI, a TAKKC B
TeX CAy4asX, KOraa rno KakMM-1udo npuuvHaM minicom He 3anyckaercsi B
cucreme. ITo aTum npuuunam Muorue Linux-cucTembl yxe colepxar npeasa-
PUTENIbHO CKOMNUAUPOBaHHbIH (haitn koHdurypaumw,

(0 -o— npu 3anycke NporpaMmMbl MHULIMAIH3ALWS HE BbIMOJIHSETCS, @ KOJ MHU-
uManusauuu nponyckaercs. Oniwms 1onesna Npyd BO30OHOBEHWU padoTbi B
npeiblaywei ceccun 6e3 copoca yCTaHOBOK;
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O -t 7un repmmzana — 1PU YKa3aHUH DTOrO ¢nara HaCTpOﬁKM,XpaHQUlMCCH B
fcpeMCcHHOMN TERM.6yﬂyT nepesarucaHbl B COOTBETCTBUU CO 3HAUCHUSAMH B
nepeMeHHOMN cpeabl MINICOM;

a

-S wmmsa_ckpunt — MPH 3ayCKC BLIIOJHAET CKPUNT C YKa3albIM UMCHCEM,

O configuration— ums ¢ahna KOHQUrypauuH. KOTOPbIii OyleT HCNOib30-
BaTLCS BMECTO 3ajaHiioro no ymomnuanuio minirc.dfl. Tlpeauonaraercs. uro
3aj1aBacMbli TakuM napamertpom ¢aiin umcer ums minirc.configuration. [lpu-
MeHeHHe 3TOH OMNLMU TMO3BOJISET 3aMyCcKaTh NMPOrpaMMy C pasinuHbIMK (aid-
jlaMu KOH(HUrypaly, HaCTPOCHIBIMU IS PA3HBIX KOMMYHUKAUMOHHBIX YCT-
pOWCTB W pa3HbIX MOJIb30BaTENEH.

Qaiibl HACTPOHKW IPOrpaMMbl Minicom XpaHsTcs B OMHOM W3 KaTajorom
/var/lib/minicom, /usr/local/etc unu /etc. JIns onpeaeneHus Katanora B KoMatHom
CTPOKE BBOAMTCS KOMaHaa

# minicom -h

B 3TuX ke Karanorax XpaHsTCs MpUMEpbl KOMaHAHbIX CKPUIITOB W TadAULILI [Ipe-
00pazoBaHus.

PaccMoTpuM npumep MCMoNb30BaHUS MPOrpaMMbl minicom 18 HACTPOHKU CKO-
pocTi oOMeHa JAaHHbIMU. 3anyCTUM YTWIMTY minicom Oe3 napaMeTpoB (MCMO:Ib-
3yeres (aiin koHpurypauun minirc.dfl):

# minicom

I1pu 3anycKke YTUAMTBI NOSBISETCS OKHO, MOKa3aHHOE 11a puc. 5.3.

Jlns nepexoaa B OCHOBHOE MEHIO MPOrpaMmbl ClleflyeT HaXxkaTh KOMOUHALMIO Kila-
Bulll <Ctrl>+<A>, a 3atem <Z> (puc. 5.4).

JU1s HaBurauuu no MEHIO HYXHO HWCNOJb30BaTh KJaBULUW <> (BBepx). <!>
(BHU3), <«> (BacBO), <—>> (Bnpaso). [ns noarsepxacHus Bbidopa (Choose)
HYXXHO ucnosb3oBath knasuwy<Enter>, a ans orMeHsl Aciictsus (Cancel) — xina-
BuLLy <Esc>.

[Tporpamma minicom HmeeT MHOrO OMUMH, MO3BOJISIIOILMX YCTAHAB.IMBATL pas-
JIHYHblE NapameTpbl NOC/AEAOBATENLHONO NOPTa, MOJAEMHOIO COEAUHCHHUS W LIPO-
ToKOsa 0OMeHa AaHHLIMU. KpoMe Toro, ¢ ee nomollbio MOXKHO BbLINO;IHATD liepe-
ladyy u npuem (aiinoB, a Takke HEKOTOpbie JHArHOCTHUUCCKHC HPOLEILYPbI.
B naHHOM ciiyuae orpaHMuMMcs HaCTpPOHKO#H CKOPOCTH OOMEHa Yepe3 110Ci1e10Ba-
TeNbHbIA NopT, BbIOpaB ee pasHoH 9600 6oa. [liist 3T0r0 U3 cnucka onuMi MEHIo
Bbibepem cOnfigure Minicom, naxap knapuwy <O>. B packpbiBLICMCS OKHe
(puc. 5.5) BuiGepem onuuto Serial port setup.
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int fd:
int bytesRead:;

char buf{128];

fd = open("/dev/ttyS0", O RDWR | O NOCTTY | O_NCNBLOCK) ;
if (fd == -1)

{

printf{"Cannot open port!\n");

return 1;

V;

while (1)
{
bytesRead = read(fd, buf, sizeof (buf));
if (bytesRead > 0)
{
buf [bytesRead] = '\0';
printf ("$s", buf);
}i
)i
close(fd);
return 0;

}

Jns xoMnuasiuuMy JaHHOW MporpaMmbl, UCXOAHBIK TEKCT KOTOPOH HAaXoAWTCS B
(parine readCOM.c, ceayeT BBECTH KOMAHAHYIO CTPOKY
# gt+ —c readCOM readCOM

Ecnu komnbloTepbl noawkIoUeHbl K CETH, TO, JaHHbIE, MOJIy4YEHHbIE C 110CJIe/l0Ba-
TEJIbHOTO MOPTa OAHOrO KOMIIbTEPA, MOXKHO MEPEeaTh Mo CETH APYroMy KOMIbIO-
Tepy. [MonobHylo cucTemMy Mbl yxke aHaJIM3UPOBAJIM NPUMEHHMTENILHO K OnepauM-
OHHbIM cuctemam Windows. BheluHee ycTpoHCTBO, JaHHBIC ¢ KOTOPOrO AOJIXKHbI
obpabaTbiBaTbCs, NpUCOEAUHEHO K nocienosaresibHomy nopty TNMK. Tlpu nocryn-
JIEHWH CTPOKM JaHHBIX yepe3 uHTepdeiic RS-232 B koMnbioTep noa ynpasieHHEM
Linux, npunoxxeHue-KJIUCHT, 3anyuieHHoe Ha [1K, npuHumaeT ee v oTrnpasiseT no
ceru TCP/IP npunoxenuio-cepsepy.






return 1;

}i
bzero(&server, sizeof (server));
inet_aton(addr, &server.sin_addr);

server.sin family = AF INET;

server.sin_port = htons (port);

while (1)

{

bytesRead = read(fd, buf, sizeof (buf));

if (bytesRead > 0)
{
buf [bytesRead] = '\0';
fd_sock = socket (AF_INET, SOCK_STREAM, IPPROTO_IP);
connect (fd_sock, (struct sockaddr*)&server, sizeof (server));
send (fd_sock, buf, bytesRead, 0);

close (fd_sock);

}

return O;

}

B a3Toli mporpamMe Ans uTeHHs NaHHBIX OTKPBIBAaETCs MOCeq0BaTeNbHbIH MOPT
/dev/tytySO (pyHkums read). UreHue naHHbix OymeT BbIMOSHATbCA B HEOGAOKH-
pyowieM pexume (onuMs O_NONBLOCK) B LUMKJIE while (1) OCHOBHOH mporpam-
mel. Tlepenada naHHbIX cepBepy OCYLUECTBIISIETCS Y€PE3 COKET fd sock, KOTOPbIH
coznaercs (yHkuUMeH socket. JlaHHble nepenatoTcs uepes nopt 5151 Ha nokanb-
Hyto mawmHy ¢ IP-anpecom obparnoii cesizu 127.0.0.1.

[Tpussizka Homepa nopta u [P-agpeca k cokeTy £d_sock BBIMONHAETCS C MOMOLLbIO
(YHKUHM connect:
connect (fd_sock, (struct sockaddr*)&server, sizeof (server));

Hanee nanHbie, NpeaBapUTENIbHO MOJNYYEHHbIE C MOCNENOBATENBLHOrO MOpPTa
/dev/ttySO dyHkumeil read 1 3anucanHbie B 6ydep buf, nepenatorcs no cetu TCP-






bzero(&server, sizeof (server));

server.sin_addr.s_addr = htonl (INADDR ANY);
server.sin family = AF INET;

server.sin port = htons{port);

fd sock = socket(AF INET, SOCK STREAM, IPPROTO IP);
oind (fd_sock, (struct sockaddr*)é&server, sizeof (server));
listenifd sock, 5;;
princf ("Waiting for data at port 5151...\n");
while (1)
{
new _con = accept (fd sock, 0, 0);
if (new_con > 0)
{
bytesRet = recv(new con, buf, sizeof (buf), 0);
if (bytesRet > 0)
{
buf [bytesRet] = '\0';
printf ("%s\n", buf);
}
close(new_con) ;
}
}
close (fd scckj;
return 9O;

\

1

[Iporpamma-cepsep TCP paGortaer B G10KMpyIOLEM pexuMe, MPOCAYLIMBAS 3a-
npochbl Ha coenuienune Ha nopty 5151. TNpociymBatolmii coker £d_sock coszna-
€TCsl CO BCEMU HEODXOTMMbIMH MPUBA3KAMH C MOMOLLBLIO QYHKIMH socket M bind.

Eciin npuaska BbinosnHena ycnewHo, To COKET 3aMmycKacTes B PeXKHUM NpOoC;TyLLH-
BaHHA (QyHKUMER listen. MHMUMaNM3auMs HOBBIX KJIMEHTCKHX COEAMHEHMIt Bhi-
MONNACTCS B OECKOHCUHOM UMKJIE while (1) (yHKUMEN accept. [Ipu cosnannu
HOBOIO COEJIMHEHHS C COKETOM new_con CEpBep MPUHUMAET AaHIbIC OT KIHEHTa C
OMOLUBIO (DYHKUHMHU recv B-Oydep NnaMmsT buf:

bytesRet = recv(new_con, buf, sizeof (buf), 0);
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int bytesRead;
char buf(128];

fd = open("/dev/ttyS0"”, O RDWR | O NOCTTY | O NONBLOCK) ;
if (fd == -1)

{

printf ("Cannot open port'\n");

return 1;

}:

chdir("/root");
pid = fork():
if (pid > 0)
{
close(fd);
exit(0);
}
setsid();
printf ("Daemon works...\n");
while (1)
{
bytesRead = read(fd, buf, sizeof (buf)):
if (bytesRead > 0)
{
buf [bytesRead] = '\0';
printf ("%s", buf);
}i
}
close (fd) ;
return 0;

}

B 310t nporpamme ¢ nomouiblo GYHKLMH open OTKPBIBAETCS MOC/IEA0BATEbHbBIH
nopt /dev/ttySO nns ureHus-3anvck B HEGIOKUPYIOLLEM peXXUME. 3aTeM C MOMO-
Wb PYHKLMH fork CO31aETCS HOBbIH Mpouecc:

pid = fork():
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Hnentndukatop npouecca nomeiyaercs B MnepeMeHHYt0 pid. OcobeHHOCTbIO
(,byHKLlMM fork ABIAETCA TO, YTO OHa BO3BpallacT pa3Hble H}lCIlTM(I)HKaTOpbl no-
poxcaatoiieMy (OCHOBHOMY) M MOpOXKAEHHOMY mpotieccaM. B ocHoBHOW nmpouecc
BO3BpallacTCa OMNEpEACTICHHOE 3HAYCHUE, OTJIMYHOE OT HYJiA. a B l'lOpO)KllCHHblﬁ
npouecc BoO3BpaacTcs 0. 310 no3sosser pa3ncnunTb ﬂpOFpaMMHblﬁ KO OCHOBHO-
ro U NOpoXAE€HHOro npouecca. nOCKOHbe Mbl cOo3daemM AeMOHa, TO OCHOBHOH
npouecce cNeayeT 3aBEpLUNTDL, YTO BbIMNOJIHAIOT ONEpaTopbl
if (pid > 0)

{

close (fd) ;

exit (0);

}

[MockosibKy MOpPOMAEHHBIH MpoUece HacAeayeT JECKPUNTOPbI OTKPBITbIX (haisioB
OCHOBHOrO Tpouecca, To AeCKPUNTOp f£d B OCHOBHOM mpoiuecce Ham 0ojiblue He
HyxeH. Ero MoxHO 3akpbITh (yHKUMElH close, MOCKE Yero 3aBepuInTb OCHOBHOM
npouecc GpyHKUMEH exit.

Jlasiee BbIMONHAETCS TOJIBKO NOPOXAEHHBIH npouecc. DyHKUUS setsid oOpbiBacT
CBSA3b MpOLIECCA C TEPMHUHATIOM NOPOXKAAIOLLErO MPOLECcca U AeNaeT NopoXKAEHHbIH
npouecc JMaepom rpynmnel ceancoB. [Ipouecc-neMoH OyAeT BbINONHATL YTEHHE
J@HHBIX C NOCJIeI0BATENILHOrO NopTa B OECKOHEYUHOM LIMKJIE while (1) € MOMO-
wbto GyHKUMHU read. [lporpamma-neMoH KOMNMIMpYETCs U 3amyckaercs OOblu-
HbIM 0Opa3oM:

# g++ -o Daemonl Daemonl.c

# ./Daemonl

3aBeplUnTh NPOLECC-AEMOH MOXHO TOJIbKO KOMaHIOH kill OMepauHOHHOH CHc-
TeMmbl. Jns 3TOrO creayeT onpefesiMTh MaeHTU(UKATOp MpoLecca ¢ NMOMOLIbIO KO-
MaH/bl ps:

[root@yuryhost root]# ps -eflgrep Daemonl

root 5586 1 96 22:23 2 00:00:22 ./Daemonl

root 5616 5588 0 22:24 pts/2 00:00:00 grep Daemonl

ITocne 3Toro Mo)xxHo BBECTH KOMaHay kill C COOTBETCTBYHOLIUMHU MNMapaMeTpamMu:
# kill 9 5586

IlepBelii mapameTp 3TOi KOMaHzbl, paBHbIA 9, 03HauyaeT GE3yCNOBHOE YHHUTOXKE-
HHE npolecca, a BTOpOoit paBeH 3HauYeHHIO uaeHTudHkaTopa npouecca.

B cnenytowem, Gonee clokHOM NpoeKTe, PACCMOTPHUM OMEPaLMH 3aMHUCH U YTeHUS
6alTOB yepe3 mocaenoBaresnbHbIi MOPT. A 3TOr0 B NamsaTh NPOrpamMM CHCTEMbI
Ha MUKPOKOHTpoOJsiepe 3anuuieM nporpamMHbiii koa Ha a3bike Keil CS1 (uc-
THHT 5.6). :
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if (bytesRead > 0)
{
buf [bytesRead] = '\0';
printf ("%s", buf);
}i
}i
close(fd);
}
else
{
while (1)
{
cl = getchar();
write(fd, &cl, 1);
}
}
close (fd) ;
return 0;

}

B Hawem npunoxenud s obMeHa naHHbIMU Mcnonibdyercs (hain yctpoiicTBa
/dev/ttyS0, oTKpbITLIH B HEONOKHPYIOLLEM pexkume (PyHKLUUEH open.

Jlnsi OHOBPEMEHHOrO YTEHHs W 3alMCH [laHHbIX B MPOrpaMMe HCMONb3YETCs 1Ba
OTAeNbHbIX npouecca. OCHOBHas NporpamMa 3aruChbIBa€T MOMYYEHHBIH C KjlaBHa-
Typbl KOHCONH GalT AaHHbIX B mocnenosarenbHbiii nopt /dev/ttySO ¢ nomotubio
GYHKUMH write B UMKIE while (1):
while (1)

{

cl = getchar():

write(fd, &cl, 1);

}
Jlna uTeHus NaHHBIX C MOC/EN0BATENBHOrO MOPTa C NOMOLLBIO QYHKUMH fork 3a-
MyCKaeTCs OTAE/bHBIA NMPOLECC, B KOTOPOM YTEHHE NAHHBIX BbIMOHAETCS B LIMKIE
while (1):
while (1)






MABA 6

PacwunpeHusi BBoga-BbiBoga
nocreaoBaTeribHOro HTepdgeunca

B aToii raaBe paccMarpuBarOTCs BOMPOCH! B3aMMOACHCTBHUS 000OpY10BaHusi C MH-
tepdericom RS-232 ¢ apyrumu annaparHo-nmporpaMMHbINK MHTepdeiicamu co-
BPEMEHHBIX KOMNbIOTEPHBLIX cucTeM. TakuMu kak USB u TCP/IP. Muorue konm-
MbIOTEPHbLIC CHCTEMbI W BHCLUHWE YCTPOHCTBA B HACTOSILLCE BPEMS BbIMYyCKAIOTCS
ToNibko ¢ oaunmM nHTepdeiicom USB (Universal Scrial Bus). B 1o Bpeys kak npo-
rpamMMHoe obecreueHre W BHelHee 000pyd0BaHUE TOIYCKAlOT padoTy ¢ MHTep-
(heticom RS-232. K TakoMmy 000py/10BaHHIO OTHOCHTCS OOJLIMHCTBO CMCTEM Ha
0a3e MHKPOKOHTPOWIEPOB M MUKPOMPOLIECCOPOB, BBLIMOJIHAKOLIMX MCPBUUIYIO 00-
padoOTKy AaHHBIX U QYHKLMH YNPABIEHUs B NPOMBILIEHHOCTH, HAYKC U MCIMLIH-
He. B Hanaake 3THX cucTeM O4EHb YACTO MCIOSBL3YIOTCS KOMIILIOTEPbI, HAMTPUMED.
HOYTOYKH, 1e umelouine BcTpoeHHoro COM-nopra u. €CTeCTBEHHO, BO3MOKHOCTH
npsaMoro noakinoydeHus. [lpodnema sierko petuaercs. eciy HCIONbL30BaTL anmna-
paTHO-NpOrpaMMHble YCTpoicTBa, Hpeobpasytowme nporoko:r RS-232 s USB.

AnnapaTHO Takue yCTpOMCTBA BKIIKOYAIOT KPUCTASLT CHENHATM3UPOBAHHON MHKPO-
cxembl, Hanpumep., FTDI, Cypress unu ap., KOTopbld npeobpa3yeT crek OfHOro
npotokosa B ctek Apyroro. Ilepea tem kak ucrnosib3oBaTh npeodpaszosarenb RS-
232 B USB, ciieryeT BHUMATECILHO O3HAKOMHUTBHCS € TCXHMUYECKOH JlOKyMeHTalneH
Ha jlaHHOEe YCTpOoHCTBO. Hy)KHO yuMTbIBaTH M TO, uTO nipotokon RS-232 onpeac:is-
CT mapametrpbl obMeHa JaHilbiMKM Ha YPOBHE cHraajioB uurepdeiica, HO e Ha
YPOBHC npuiokenus. B 1o ke pems npotokon USB nossoasct padotats Ha 60-
Jiee BBICOKOM ypoBHe abcTpakuud. B atom ciiyuae nporpamyioe B3auMoIeHcTBre
unrepgdericos RS-232 u USB neankonM Bo3araetcs nHa pa3paboTurka nporpavMm-
HOro obecrieucHus.

VYceranoska napamerpos uHTep@eiica RS-232 (ckopoct obmena, KOHTPOJIs uer-
HOCTH W T. I.) OTHOCHTEJILHO f1erKO BbITIONHSETCS W3 MPHI0KEHHUS 110;1b30BATENA.
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USB-untepdeiic Takoi BO3MOXKHOCTH He JaeT, MOITOMY Ul JOCTHXEHHS HYXKHBIX
XapakTepucTHK oOMeHa AaHHbIMM npu npeodpasosaHuu RS-232 B USB HysxeH,
KaK [paBWJIO, JOMOJHUTEbHbIN ApaiiBep (KpOME MMEIOLLMXCS B CUCTEME), KOTO-
pbiit GynmeT amynupoBaTh (PpYHKUMM acHHXpoHHOro npuemonepenatdrka (UART)
untepdetica RS-232, Ho B3auMozeiicTBoBaTh ¢ cucTemoit (haktuuecku no USB.

Yacto npu npeobpazosanuu RS-232 B USB BO3HHKaIOT Npobiembl annapaTHoM
COBMECTMMOCTH 110 YPOBHSM CHrHaJIOB. AnmnapaTtHas 4acTb UHTepdeiica RS-232
MepCOHANBbHOrO KOMMbIOTEPA HCMONB3YET MUTAIOLUME HANPsXKeHUs CHCTeMbl +5 B
s UART w +12 B ans npeoGpa3opareneii ypoBHsi Bbix0OAHbIX OydepoB, TakHX.
Hanpumep, kak MAX232. JIns nutanus USB Hy>keH TONbKO OAMH UCTOUHHK C Ha-
npshkeHuem +5 B. HekoTtopele npeobpazosatenu RS-232 B USB umelot unterpu-
poBaHHbIH MpeobpazoBaTesb NOCTOSHHOIO HaMpshHKeHHs, YTOObI 00ecneunTh TaKHe
ypOBHH cHrHanoB. TeM He MeHee, B HEAOPOrux npeoOpa3zoBaTensix AJs MUTAHHS
BCEil cxeMbl, BK/TOUasi BbIXO/IHbIE KacKabl Oy(hepHbIX yCUNHUTENCH, HCMONb3yeTCs
HanpsbkeHue +5 B. Curnansl untepdetica RS-232 ¢ TakMMu ypoBHSIMH TeOpeTH-
YeCKH MOMNajaloT B JIONYCTHMbIH JMana3oH, OJTHAKO TakHe 3aHHW)KEHHble YPOBHH
MOFYT MPHBECTH K MONAJIaHUIO CHUIHANA B 30HY HEONpeNeseHHOCTH oT —3 B 10
+3 B, uto Bneuer 3a coboit cbou B pabore obopynosanus. LLInpoko u3BecTHble
MuKkpocxembl OydepHbix ycunurenei-npeobpasosareneii MAX232 Beayt cebs
MMEHHO TaKHM 00pa3om.

Ewe onHolt cepbe3Hoil annapariod npodneMol npu UCNONb30BaHHH Mpeodpa3o-
BaTenel sBnseTcs nepenonHeHde Oydepa Ha cTopoHe npuemHuka. Jlns ynpaene-
HHS OTOKOM JIaHHBIX W NMPEJOTBpaLLEeHHs MOAOOHBIX CUTyaUUH MpUMEHsieTCs an-
napatiHoe (RTS/CTS) unu nporpammuoe (XON/XOFF) ynpaenenue mnotokom
nanHbix. Crneagyer MMeTb B BHAY. YTO He BO Bcex npeobpazosaresnsx RS-232 B
USB peanuzopana Takass BO3MOXHOCTb. [Ipy BO3ZHUKHOBEHWH Takux npobsiemM ari-
napatypa MoxeT paboTaTb XOpOLIO, HO OyAyT NPOMCXOAMTb MOTEPH AAHHbIX B
NPUIOKEHUH H3-3a NepenofiHeHust Oydepa npuema. B uenom psine cnyuaes, Ha-
NpUMep, eciii MPHUIOKEHHE HE HCTIONb3YeT YINpaBieHHe MNOTOKOM JaHHbIX, MOKHO
He 6eCroKOUTbCS 00 OTCYTCTBHM TaKOH BO3MOKHOCTH. Ho npw GosbLuok 3arpyske
npoueccopa WM NMpH nofydeHHuH Oonbluux 0ObeMOB AaHHBIX NMpobeMa ynpasne-
HHS TOTOKOM MOXKET CTaTh aKTyalbHOM.

[Tpu BbIGOpe npeobpaszosarens RS-232 8 USB Hy»XHO TiiaTebHO NpoaHaniu3upo-
BaTb BPCMEHHBIE 3aBUCMMOCTH OOMeHa aaHHbIMH. Ecnu vMmeroTcs jkecTkue orpa-
HUYEHHs Ha Bpemsi npueMa W oOpaboTKH AaHHbIX, TO Jy4lle 0TKa3aTbCs OT BblIOO-
pa BHewHero npeobpasosarens B nonb3y BHyTpeHHero UART — pgononHuTens-
HOE 3BEHO B Lienyd 0OpabOTKH 1aHHBIX B BH/IE BCIOMOraTe/IbHOrO JipaiiBepa TONbLKO
3ameUTMT paboTy Beei cucTembl.
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6.1. BupTyanbHble noprol

B Hacrosiuee BpeMs oOueHb ILIMPOKOE pacrnpocTpaHeHHWe cpedu paspadoTYMKOB
nporpaMMHoro obecneueHust 118 KOMMYHHUKAUHMOHHbBIX CHUCTEM MOJYYHST METO/
TECTUPOBAHHUSA W AWACHOCTHKM NPOrpamMMHOro odecneveHHs ¢ MCMOb30BaHUEM
TaK Ha3bIBAEMbIX GUDMVILILIX YCmpolicme. BupTyanbHble ycTpoiicTBa Moaes -
pyIOT MOBe/ICHWE PealibHbIX CHCTEM Ha TMpOrpaMMHOM YpOBHC, MO3BOJIAA pa3pa-
00TuKKy BBINOMIMTL OTAAKY NPUAOKEHUI 110 TOro, Kak OyaeT co3maH peanblbii
(u3nuecKUit MPOTOTUN yCTpoHCTBa. 3TOT METOM LIMPOKO IpUMEHAeTCs Npu pas-
paboTKe camMbIX CIIOKHBIX KOMMYHHKaLMOHHBIX CHCTEM, BKJIIOYAs M YCTPOIHCTBA ¢
untepdericamm RS-232/RS-485. B HacTosiiee BpeMs BbIMycKaeTcs WHPOKHH
CNEKTP NPOrpaMMHBIX CPEACTB, NO3BOJAIOLIMX CO3/1aBaThb B ONEpPaLMOHION CHC-
Teme (yaiue Bcero B Windows) HeCKOIbKO BUPTYallbHBIX NOCJ/EA0BATENLHBLIX NOP-
TOB, KOTOpble pa3paboTUMK MOKET UCIOb30BATH IS TECTUPOBAHUS OOMCHA AaH-
HbiMU No uHTepdeticam RS-232/RS-485S.

Cepbe3iblM NPEeUMyLLECTBOM IIPUMEHEHHUS BUPTYasbHBIX MOCJIEA0BATEIbHbIX HH-
TepdeHcoB sBAsIETCS W TO, YTO OHH MO3BOJISKOT TECTUPOBATL M OTAKHUBATHL MPO-
rpaMMHOe odecneyeHne Mpyu OTCYTCTBUH (PU3HUECKOro MNOC/ICAOBaTEIbHOIO NOp-
Ta. Hanpumep, nns nonHouenwHo#W oTnaaku nporpamMm oOMeHa AaHHLIMM MO
nocnenosarenbHoMy nopty TpedyeTcs HajlMuve Kak MUHUMYM ABYX (pH3nueckux
noptoB. [Tockosbky coBpemetiibie [TK BbinyckatoTcs ¢ 0IHMM 110C/1€10BaTCIbHbIM
NnopToM, TO 1,18 OTJIaAKW NPUIOXKEHHs TpeOyceTcs ABa KOMHBLIOTEPA WIIM KE [0-
nonuutensuas PCl-nnata paciuvpeHus ¢ nocneaoBaTesbHbIM 1HOPTOM. B TO ke
Bpemsi Ha oanoM W ToM e ITK nporpaMMHO MOJKHO CO3AaTL HECKOJILKO BHUPTY-
aJibHBIX MOC/EA0BATENbHbIX MOPTOB. KOTOPbIE NMO3BOAAT BbIMNOJHUTL NMOJTHOLEHHOC
TECTHpOBalKE NporpamMmbl 0OMeHa JaHHbIMHA. BTOpo# oueHb BaXkHbiii MOMEHT, O
KOTOpOM clleflyeT YNOMSIHYTb, 3aKJII04aeTCsl B TOM, YTO KOHLEMNLMS BUPTYaIbHbLIX
NOPTOB MOXKET ObITh MCNOML30BAHA (M LUMPOKO NPHUMEHSIETCS) HE TOJILKO A pas-
paboTKH KOMMYHHKALMOHHBIX NPUIOKEHUH, HO U B NPOrpaMMUPOBaHHH OOBIYHBIX
NPUIOKEHUH.

BupTyanbHble nopTel ¢ ycnexoM MOryT NPUMEHATHCS 118 00MEHa JAHHBIMU MEX-
ay nByms v bonee npuaokeHusmMy 6e3 UCNosL30BaHUa JOBOJLHO CJIOKHOW Mpo-
rPaMMHON TEXHOIOTHH MEKMPOLECCHBIX KOMMYHHUKALMIA U pa3aciienns pecypcoB.
[Tockonbky 3a€Ch MCMONB3YIOTCS BUPTYasbHbIC, a HE peabHble (PU3UHECKHUE NOp-
Tbl, TO CKOPOCTb OOMEHa JaHHLIMU MEXAy NPHIoKeHHsMU OyaeT onpeaenaTbesa
He XapakTepUCTHKaMK MOpTa, a napaMeTpamMmu CUCTeMbl (THMOM fpoueccopa, 00b-
€MOM JIOCTYNHON PU3NUECKOH NaMATH U T. 11.).
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namespace SendString COMY4
{

public partial class Forml : Form
{

public Thread myThread;

public Formi ()

{

InitializeComponent();

private void Forml Load(object sender, EventArgs e}
{

seriaibPortl.Open{();

myThread = new Thread (ThreadProc) ;
myThread.Start (),

}

private void Forml FormClosing(object sender,

FormClosingEventArgs e)

{
myThread.Abort () ;
serialPorcl.Close{);
}
void ThreadProc ()

{

this.serialPortl.DataReccived += new Sys-
tem.IO.Ports.SerialDataReceivedEventHandler

(this.serialPortl DataReceived 1);
while (true);
}
private void serialPortl_DataReceived 1
(object sender, SerialDataReceivedEventArgs e)
{
String sin = serialPortl.ReadLine();

richTextBoxl.AprendText (sin) ;

}
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Jlnsi peanu3aunyu Takod CUCTEMbl HA MPAKTUKE MOHA/I00MTCS KaK MUHUMYM JBa
KOMIIbIOTEPA, MOAKIIOUYeHHbIX K ceTH MutepHer. Ha oanom (cepsep) Oyaer Bhi-
nosHATLCS 00paboTKa NAHHBIX OT BHELUHEH CHCTCMBI, NOAKAIOYEHHOMN MO HITCP-
¢eiicy RS-232/RS-485, a apyro# (kauvenT) Oyaer CHUTHIBATh MOMYUEHHDBIC 1aHHbIC
no cetu MutepHer. TecTupoBalve M NpoBepKa TAKOH CUCTEMbBI B PEATbHBIX YCIIO-
BHAX nNOTpeOyeT MOAKIIOYEHHS W HACTPOMKM (anmapatHoOH W nporpammioi)
BHelIHeH u3MepuTesibHOM cucteMbl o RS-232/RS-485 u kondmrypupoBadus ce-
TCBbIX HACTPOEK 11€pCOHaJIbHBIX KOMMbIOTEPOB.

Tem He MeHee, UCMoOnb3ysi COBpEeMCHHbIE CpeaAcTBa pa3pabOTKH, BbIMOAHUTD
60bILYI0 HaCTh MPOrpaMMHON HACTPOHKH Takoi cucrembl 0OpabOTKM HaHHbIX
MOXHO JlakKe Ha OIHOM MCPCOHANBbHOM KoMmnbtloTepe. [ns aroro ne norpedyercs
Jake BHCUIHee YCTPOMCTBO, noakmiodenHoe 1o uHrepdeiicy RS-232/RS-485 k
OAHOMY M3 KOMMBIOTEPOB. MOCKONLKY (PYHKIIMH TMepefayd AaHHbIX MO noce1oBa-
TEILHOMY HHTEPGhEHCY MOXHO LICIHKOM CMOACIMPOBATH C MOMOLLBIO BHPTYasib-
HOro 10cje0BaTe/IbHOro nopra. Uro ke kacaetcs CCTEBOM 4aCTH CHCTCMbl, TO
3/leCb TAaKXKe He BO3HUKAeT MpodlieM — pa3paboTKy M MPOBEPKY NPHIOKCHUSI-
knuenTa cet MutepHer 1 Web-cepBepa MOXKHO BLIMOAHWTB Ha OJHOH MaluMHe,
3ajeiicTBoBaB MHTepdeic odpaTHoit cs3u ¢ [P-aupecom 127.0.0.1.

KoHeuno, okoHuaTenbHas I0OBOAKA M OTJaaKa NporpaMMHOI CHCTeMbl 110TpeOyeT
YCTaHOBKH MOJHOrO KOMIUIEKTa 00OpYN0BaHUs W HacTpoHKW cetu Mureprer, Ho
BpeMst pa3paboTKH BCeH CHCTEMbl 3HAYMUTENBLHO COKPATHTCSI OAHOBPEMCHHO C Mo-
BbILLICHMEM KauyecTBa ee¢ paboThl.

Peannzaunto 3aj1aun pa3paboTKu HCCAMKHOR cHCTEMbl 00pabOTKH AaHibIX € MO-
craeaytouleit ux nepenaveit no cetv MurepHeT HyxHO HauaTb ¢ KOH(PUIypHpoBa--
HUS T10CJIEA0BATEALHOrO HHTEp(elica nepeaaul JaHHbIX MesKiy BHCLUHCH cHcTe-
MO# cOopa 1 0OpaboTKK AaHibIX M NepcoHabHBIM KOMMbIOTEpOoM. Ha npakruke
3TO MOXXHO OCYLUECTBHTL HECKOJIBKHMU CrocobaMu:

O wucnoab30BaTh MOMHO(PYHKLMOHAILHOE anMapaTHO-MPOrPaMMHOE peIlEeHHC Ha
Ga3ze npombIlWIEHHbIX npoTokonos Modbus, Profibus v T. a. Takoe peiuenve
NpH ero xopotueii 3Q)eKTUBHOCTH ABJISETCS NOPOTMM U TIpH pa3paboTKe OT-
HOCHTEJILHO MPOCTBIX CHCTEM TPOCTO IKOHOMHYECKH lieBbIroatbIM. K TOomy
e KOH(UrypHpoBaHHE M HACTPOHKA NOAOOHON CHCTEMbI MOrYT noTpeboBaThL
3HAYUTENILHOTO BpPEMEHH, OCOOCHHO €CNM PCLUAIOTCS HECTAHAApPTHLIC WilK Y3-
KOCMeUHaTU3UpOBaHHbIE 3afauH;

O yCTaHOBWTb OAHY M3 MPOMBILIICHHBIX CNCLHATIM3UPOBAHHBIX CHCTEM C Tpea-
onpeaeneHHbIMH (GpyHKUHAMU 00paboTKK U Nepesayu AaHHBIX A8 KOHKpET-
HOM 00:1acTH npuMeHcHus. Kak npaBuio, TakMe CUCTEMbI BKIIOHAIOT U3ME-
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puTesibHbie npeodpa3oBate!n U nepudepuiiiibie MOAYNN ynpasiieHus. KOTo-
puie ynpasastores no uurepdeiicy RS-485 ¢ uenTpaibiioro Moay:s ua
MOLLLHOM MMKpPOKOHTpOsuiepe uiau UKM(pOBOM lipoueccope curhanos. Llen-
TpanubHbli 00padaThIBalOUIMI MOAY/b BKIIOUACT, KAK MPABUIO. CCTCBOW HH-
tepdeiic Ethernet, no KOTOpoMy AaHHBIC MCPCAAIOTCS HA ydadeHHbIA KOM-
nptotep. Takue CHCTEMBI HIPOLLE U JICLICBIIE MO CPABHEHUIO CO CTAHNAPTHBIM
00O0pY/10BAaHUEM /1S MPOMBIHLIICHHBIX CETCH, HO MX MPOrpaMAIMpOBaHHUC M
MOAMQUKALIMS MOA KOHKPETHbIE 3aJa4u MOTYT CTaTh CCPbE3HON NpodneMoit
B CHAY MX Y3KOit CMELMHaIM3aLMK W XKCCTKOH HPUBSA3KH K annapariioi yacTH.
AnnapatHoe peuieHue MOXET ObiTh HEJOPOrMM. HO MPOrpaMMHpoBalive w
HacTpolka nepudepuiHBbIX MOYJeH, BKIoyas ceresol HHTepdeic, Moker
3aHATH JOCTATOYHO MHOFO BPEMElIM W NOTPebOoBaTh H3ydelus MacChl TeXHH-
YECKOM 1OKYyMEHTaLHH;

O npuUMEHHUTb HEIOpPOrue CTaHAapTHbIE U3MEPHTEAbHLIC MOJYIH Ha 0asc xopo-
WO M3YYEHHbIX M JIEFKO MPOrpaMMHpPYEMbIX MHKPOKOHTPOIJIEPOB Cepui
8051/8052 unu PIC, kotopsle OyayT riepeiaBaTs npeiBapHTellbHO 00paboTaH-
1ble AaHHbIic no unrepdercy RS-232/RS-485 Ha komnbioTephylo cucteMy ¢
paboTatoieit onepauuonnoit cucremoid Windows. TloayueHHsle 110 nocieno-
BaTEJbHOMY KaHaJly JaHHbIe MOXHO fiepenarb 10 ceT, 6e3 ocodoro Tpyna
pa3zpaboTaB ceTeBOe MpPHIIOKEHHE C MOMOUIbIO OAHOIO W3 MOMYJISPHLIX MHCT-
pPYMEHTaILHBIX CPEICTB, TaKHUX, Hanpumep, kak Microsoft Visual Studio NET
unu Delphi. Tns pa3paboTky TakoW cHUCTEMbl KaK HEMb3s 1ydlIC 110J0HAYT
paccMOTpEHHbIC HaMH B NpeAbllylleM pasjlesie BUPTyasibHble NOPThI, a CeTe-
BYK 4acTb MPHIOKEHHUS KAWEHTa W CEepBcpa MOXKHO [POBEPHUTh HA OJHOM
koMmnbtoTepe. Takum obpazom, 60abLIYIO YacTb MPOrpamMMHOro odecreueHms
MOXHO pa3padoTaTb M MPOBEPUTL Ha ofaHOM U ToM ke [TK 6e3 kakoro-smdo
JOMOAHNUTEIIbHOrO 0bopyrosativs. MoaudpHUuUHpoBaTh TaKHE CHCTCMDLE MO
APYrHe 3a1a4H HECSIONKHO, U ITO HE MOTPCOYCT MHOIO BPEMCHHU.

PaccmoTpry peanuzaurio noqoGHOIO NpoeKTa. NPOMOACIMPOBaB (BYHKUHONUPO-
Banue uutepdeiica RS-232 u nepegaun aanubix no cerw TCP. B kauectse BHew-
Hero ycTpoicrBa OyaeT BbiCTynaTh NMporpaMMa-dMyJsTop TepMHHana, repetato-
lwas TEeKCTOBbie [JaHHbIE Yepe3 MocseaoBaTelbHblid BUpTyaibHbli mopt COM2.
JauHble 6yayT MpUHUMATBCS TECTOBbIM MPHIIOXKEHHEM, BLICTYNAIOUIMUM B POJIH
Web-cepsepa, na suptyansHom rnopty COMS.

Web-cepBep oknaaeT BXOAAILMX NOAKIKOUYEHHUH NPUIOKEHUH-KIUCHTOR 1a 10pTY
8089 u nepenaer um noayuernyto ¢ nopra COMS crpoky. [Tpocsorpers aattbie.
Nosly4eHHble YCpe3 MOCACAOBATEIbHBIN MOPT, MOXKHO. MOAKAIOUMBILKCL K Web-
cepsepy nocpeactsom Gpaysepa (browser), Hanmpumep, Internet Explorer 7. Bee
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{
printf ("COM5 opening error!\n");
return;

}

GetCommState (hCom, &dcb);
dcb.BaudRate = CBR_9600;
dcb.ByteSize = 8;
dcb.Parity = NOPARITY;
dcb.StopBits = ONESTOPBIT;

fSuccess = SetCommState (hCom, &dcb);
if (!fSuccess)
{
printf ("SetCommState failed with error 2d.\n",
GetLastError());

return;

printf ("Serial port %s successfully reconfigured.\n",
pcComPort) ;
GetCommState (hCom, &dcb) .,
printf ("COM4 baud rate is %d\n", dcb.BaudRate);
hThread = CreateThread (NULL,
0,
(LPTHREAD START ROUTINE)ThreadProc,
&dwParanmn,
0,
&dwThreadld) ;
if (hThread == NULL)
{
printf("Can't create thread: %d\n",
GetLastError (});
closesocket (sListen) ;
return;
}
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printf ("WEB-Server waits on port 8089\n");
while (true)

{

sClient = accept (sListen, 0, 0);

if (sClient != INVALID SOCKET)

‘
1

bvtes = recv(sClient, buf, sizeof{buf), 0);
if {bytes > 0)
{
strcpy{str, str start);
strcat (str, comSBuf) ;
strcat (str, str_end);
send(sClient, str, strlen(str), 0);
}
closesocket (sClient) ;
memset (com5Buf, '\0', sizeof {buf));
pbuf = com5Buf;
}
}
closesocket (sListen) ;

return;

B oTom npunoxkeHHMH OCHOBHOM MOTOK BBIMOJMHAET (PYHKLUMH NPOCAYUIHBAHUS
BXOALIMX COEIMHEHHH Ha cokeTe sListen. [Ipu noctynnennu 3anpoca oT KJIMEH-
Ta co3jaercs pabounii COKET sClient, Yepe3 KOTOPbIi BLIMOMHACTCA OOMEH AaH-
HbIMH ¢ ineHToM. [lpu 3anpoce knueHTy nepenaetcs Oygep AaHHBIX str. COUEpP-
JKaLUMH TEKCTOBYIO CTPOKY, MPHUHSATYIO C BUPTYANbHOTO NMOCAEA0BATENLHOIO MOPTa
COMS.

[prem panusix ¢ COMS BbinonHseTcs B OTAEHbHOM MNOTOKE, (yHKLUMS
ThreadProc KOTOPOrO CUUTBLIBAET OakThbt HaiHbIX B Oydep comsBuf. Urenune nai-
HBbIX B ()YHKUMHK NOTOKa BbimonnseT GyHkuus Win APl ReadFile.

[TpunoxeHreM-KJIMEHTOM, NONYYAOIUUM [aHHbIC, OY/JICT BLICTYI1IaTh CTAHaPTHbLIN
Gpaysep Internet Explorer 7, noatomy nepen ornpaBkoi aaHHbIX Opaysepy B Web-
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public StringBuilder sb;
public byte[] bytes;
public Forml ()

{

L

InitializeComponent () ;

N

1

private void Forml Load(object sender, EventArgs e)
{
bytes = new byte[1024);
serialPortl = new SerialPort ("COM5", 9600,
Parity.None, 8, StopBits.One);

myThread = new Thread {ThreadProc);
addr = IPAddress.Parse("127.0.0.1");
iep = new IPEndPoint (addr, port);
server = new TcpListener (iep);
myThread. Start();

serialPortl.Open() ;

private void Forml FormClosing(object sender,
FormClosingEventArgs e)
{
server.Stop();
nmyThread.Abort () ;

serialPorti.Close();

public void serialPortl DataReceived
(object sender, SerialDataReceivedEventArgs e)
{
buf = serialPortl.ReadLine():;
}
public void ThreadProc ()
{

server.Start () ;



serialPortl.DataReceived += new
SerialbDataReceivedEventHandler
(serialPortl DataReceived);
while (true)
{
String sin, sout;
TcpClient client = server.AcceptTcpClient();
NetworkStream stream = client.GetStream();
bytesRead = stream.Read(bytes, 0, bytes.Length):
1f (bytesRead > 0)

{
sin = System.Text.ASCIIEncoding.ASCII.GetString

(bytes, 0, bytesRead):

richTextBoxl.AppendText (sin) ;
sb = new StringBuilder () ;
sb.Append ("<html><body></h1>") ;
sb.Append {buf) ;
sb.Append ("</hl></body></html>") ;
sout = sb.ToString();
bytesRead = System.Text.ASCIIEncoding.ASCII.GetBytes
(sout, 0, sout.Length, bytes, 0);
stream.Write (bytes, 0, bytesRead);
}

stream.Close() ;

client.Close();

[

B MPpHIOXKEHHUHU 6yllyT HCMOJIb30BATLCA CETEBLIC KOMITIOHEHTBI, a TAKXXE KJacc
SerialPort, NO3TOMY B Ha4daJie nNporpaMmmbl HYKHO UMMNOPTUPOBATL COOTBETCT-
BYIOLLHE NPOCTPAHCTBA UMEN:

using System.Net.Sockets;

using System.IO.Ports;

using System.Threading;
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[Tpuem nauubix ¢ BUpTYasnbHoro rnopra COMS, a takxe o6paborka ceTeBbIX M0/1-
KJIIOUEHHH peaiM30BaHbl B OTAENALHOM [OTOKE. 10JTOMY MpPH 3anycKe HPHIOKe-
HUS caeayeT MHUUMAMU3HMPOBATh HOBbIMA IOTOK myThread, a Takke OTKPbITH MO-
cnenoBatenbhbiit nopr COMS ans npyeMa JaHHbBIX, YTO BBIMOMHSACT CileAYIOULHi
(hparmenT NporpamMMIOro Koja:

serialPortl = new SerialPort ("COM5", 9600, Parity.None,

8, StopBits.One};
myThread = new Thread(ThreadProc) ;

myThread. Start{);

serialPortl.Open();

[lpu coznaHum 3Kk3emMIIspa serialPortl Kjacca SerialPort cpa3dy JKe yCTaHaB-
JIMBAIOTCS  CTaHAApTHbIE napaMeTpbl OOMEHAa [aHHbIMU (CKOPOCThL OOMEHA
9600 60n, 8-6uToBas nocklnka, 6€3 NPOBEPKH UYETHOCTH W C OHUM CTOMOBLIM OH-
TOM).

B ¢yukummn-o6paboTurke Forml Load Taloke CO34AeTcst NPOCAYLIMBAIOILUH COKET

server:

addr = IPAddress.Parse("127.0.0.1");
iep = new IPEndPoint (addr, port);

server = new TcplListener (iep);

ITockonbKy TecTupoBainme rnpunokeHuid Web-cepBepa 1 ceTeBOro IJIMEHTa, B Ka-
yecTBe KOTOporo Beictynaet Internet Explorer 7, BLIMOAHAIOTCA Ha OAHOHW MatuM-
He, To B KauccTBe IP-anpeca cepBepa ycranasnuBactes 3Hadenue 127.0.0.1. B ka-
4ecTBe HOMepa nopra Bblbepem 3HaueHue S151.

Obpabotka gannbIX ¢ BUpTyansHoro nopta COMS u oTnpaBka JaHHBIX KIHEHTY
ocyulecTisiercst B pyHKLUHMM NOTOKa ThreadProc. Ilpu 3anycke notoka BHauase
CTapTyer COKeT server W  HHHUManu3upyercss  (hyHKLMS-00padOTHHK
serialPortl DataReceived cOOBITHS DataReceived:

server.Start();

serialPortl.DataReceived += new SerialDataReceivedEventHan-
dler(serialPortl_ DataReceived) ;
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3atem B OECKOHEYHOM LIMKJIE while OCYILICCTBAICTCA o6pa60'r|<a BXOAAIIHX 3a-
NPOCOB Ha NOIKII0UeHHe K cepeepy. [pu nonyuennu Takoro 3arnpoca cosactes
pabouni cokeT client, MOCPEACTBOM KOTOPOrO BbHIOIHSETCS OOMEH AaHHLIMM C
NPUIOKEHUEM-KIIMETITOM:
TcpClient client = server.AccepticpClient ();
Jlist npuema-nepeflaun NaHHbIX TCNEPb MOYKHO UCMOMNb30BATDL MOTOK st ream:
NetworkStream stream = client.GetStream();
JlaHHble, 1iepeaBaemMbie Mo CETH, MPEACTABSIOT COO0OM NOTOK OaNTOB, /List NpHe-
Ma KOTOPOro CNEaYET UCMOJIb30BaATh METOL Read CCTCBOIO NMOTOKA stxeam:
bytesRead = stream.Read{bytes, C, bytes.Length);
Eciau Obul npuHAT 3anpoc kadeHTa (KOJNWYECTBO NMPUHATbIX OaHTOB bytesRead
OTAUULIO OT HyJist), TO MPUHATHIA NOTOK OaiToB nociie npeodpa3oBanus B CTPOKY
sin oTOOpa)caeTcsi B OKHE TekcToBoro peaakrtopa RichTextBox:
sin = System.Text.ASCTIEncoding.ASCII.GetString

(bytes, 0, bytesRead);
richTextBox1.AppendText (sin) ;
3arem QOpPMHUPYETCS OTBET MPUIOKEHHIO-KIIMEHTY (B TAHHOM ciyuae. 910 Opay3ep
Internet Explorer 7) ¢ nomouisio cneayrouiero ¢gparMeHTa NporpamMmioro Koaa:
sh = new StringBuilder();
sb.Append ("<html><body></h1>"} ;
sb.Append (buf) ;
sb.Rppend ("</hl1></body></htmi>");
sout = sb.ToString();
CdopmupoBaHHas CTPOKa OTBETA sout IIepea OTNPaBKOH A0MKHA ObITh NMpeodpa-
30BaHa B MaccHB OalTOB bytes, UTO BIMOJIHAET ONCPaTOp
bytesRead = System.Text.ASCl1Encoding.ASCII.GetBytes

(sout, 0, sout.Length, bytes, 0);

.

HaKOHeLl. COACPXKUMOE MACCHBA bytes NEePeAACTCA KIHEHTY:!
stream.Write(bytes, 0, bytesRead):;

H pa60tmii NOTOK stream, U COKET client Ham OoJibllE HE HYXCHBbI, MO3TOMY
MOKHO HX 3aKpbITb, YTO W BLIMOJHAETCS C MOMOLLBLIO OrepaTopoB

stream.Close():

client.Close();












3aknryeHue

[Mocnenogaresibhbie nuTepderics nepenaun aaHubix RS-232 n RS-485 B nacros-
LIeC BpeMsi HCIOJB3YIOTCS BO MHOTHX MPOMBILJIEHHBIX H JadOpaTopHbIX cHCTe-
max cOopa u 00padoTkH HH(popmaLru. OCHOBHON HEAOCTATOK PAHHUX CHCTEM Ha
6aze RS-232 — Hu3kas CKOPOCTh 0OMEHA — B HACTOSLICC BPEMS YIKC HC SIBISETCS
AKTYaJ1bHBIM C YYETOM Pa3padoTKH Bce 00:ee CKOPOCTHLIX NMPHUEMOTICPe;1aTUMKOB.
[Tporokon RS-232 B o6o3punont Oy 1ynienm u fganec 0y, 1eT LIMPOKO 1IPUMEHATbCS B
cMCTeMaX repeaayd AaHHbiX, B KOTOPbIX TPeOyeTcsi BhICOKAs HAAEKHOCTHL W Mpo-
CTOTa peaiu3alii, a €ro MPO/BHXKCHUE B 00SacTh Oofice BLICOKUX CKOPOCTEH
TOAbKO YKPEMUT MO3UIIMH 3TOrO CTaH1apTa Ha PbIHKC.



lNMpunoxeHune

OnucaHue KoMnakT-gucka

Ha npunaraemMom K KHHIre KOMMakT-aucKe coaepskatcs (aisibl ¢ HCXOMHbIMMK Tek-
CTaMH NporpamMM, NMPUBENEHHBIX W ONMCaHHbIX B KHure. Qaiinbl pasmelnarorcs B
katanorax ChOx, roe x — uomep rnaebi (2, ..., 6). B HaumenoBanusx ¢aiinos
nepeas cnesa UM(pa ykasblBaeT Ha HOMep rnaBbl, a BTOpas, clieayioulas Mocic
HXCHErO NOoAYEpKUBaHUsS LUM(pa, Ha COOTBETCTBYIOLUHI HOMEp SUCTHHIA B 3TOH
rnase. Hanpumep, daiin Jluctunr 2 10 npuBeaeH u paccmorpen B auctunre 2.10
enaeol 2. [lns KoMnuasuud v cOOpKH MPOrpaMMbl HYXKHO BKJIFOYHTbH COOTBETCT-
ByIOlMiA Qaiin B pazpabarbiBaembli npoekT B cpeae Visual Studio .NET, Delphi.
Keil C51 (zns mukpokonrponnepos 8051/8052) unu Microchip MPLAB C30 (ans
MUKpokoHTpoJsutepos PIC24).
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