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B Hacrosiiiee BpemMsi HEOOXOAMMO YacTO KOHTAKTHPOBATh C JCKTPOHHBIMHU yCTPOii-
CTBaMU pa3JIMYHOIO Ha3HaueHud. [ paboOThl U yIpaBiIeHUs UMH IIPUMEHSIOTCS YCTPOU-
CTBa BBOJIA, PEAJIM30BAHHBIC HA PA3JIMYHBIX IPUHLHUIIAX ACHCTBUSA — 3T YCTPONUCTBA HA3bI-
BalOTCS ONEPATOPCKUMHU MAHEISIMHU.

[Tanenb omepaTtopa — 3TO YCTPOIMCTBO, KOTOPOE MO3BOJIIET OBICTPO BBECTH U OTOOpa-
3UTh pAJ HHOPMALIMA, YTO Ta€T BO3MOKHOCTh MPHU MOMOIIH CIELMATN3UPOBAHHOTO MTOP-
Ta 0OMEHHBATHCS JaHHBIMU C KOHTPOJUIEPOM WIIH YJAJIIEHHBIM KoMITbIoTepoM. [Ipubop mo-
3BOJISIET YIPABIATH OTICJIBHBIMU YCTPONCTBAMH U Ja)K€ LEIbIMM TEXHOJIOTMYECKUMU
npoueccamu, Bxogsaummu B ACY TII.

[Tanens omepaTopa — MiOCKas KOHCTPYKLHS C JUCIUIEEM M OpraHaMM YIpaBJICHMUS,
KOTOpas 3allyIlieHa OT HeOIArONMPHUITHOTO BIUSHUS OKPY>KAIOIIEH CpeIbl U MEXaHUYECKUX
noBpexaeHuii. brarogapss HeOONBIIONW TOMIIMHE, MPUOOP JIETKO MOMECTUTh Ha IaHEIb
yOpaBleHUsT WU Ha ABEpLy IIKada, B KOTOPOM COAECPKHUTCS aBTOMATH3UPOBAHHOE YCT-
pOMCTBO.

B cocraB onepatopckoii maHeau BXOIAT:

1) cencopHbIii TpadUIECKUi, TEKCTOBBIM MM TEKCTOBO-TpaQUICCKUN 3KpaH, KOTO-
PBIN IPUMEHSETCS U1 OTOOPaKEHUS TaHHBIX;

2) TEXHUYECKOE CPEACTBO JUIsl BBIOOpa M BBOJA MH(POpPMAIUH, B KaYECTBE KOTOPOIO
MOTYT BBICTYNaTh KHONIKU, KJIABHATypa, CEHCOPHBII 3KpaH, IMKONUCTUK WM MaHUITYJIATOD;

3) uaTepdelichl CBA3H, MO3BOJISIONINE 0OMEHUBATLCS MH(DOpPMAIHEH ¢ APyruM 000-
PYZIOBaHUEM U CUCTEMAMU;

4) sueprozasucumas (O3Y) u sueproneszaBucumast (Flash) mamsre, B koTOpoii xpa-
HSITCS OTIepaIlOHHAs CUCTEMa, TPOrPaMMBbI MOAJIEPKKH MPOEKTa U yIPABICHHUS 00BbEKTOM;

5) cnenuanuzuposanHas [10.

YacTo omeparopckue MaHeNId B aBTOMATU3MPOBAHHBIX CHUCTEMax MPUMEHSIIOTCS Kak
MyJbT ynpasieHus. YToObI MOTyduTh HHOOPMAIIHIO O MPOIecce, OHU OOMEHUBAIOTCS JIaH-
HBIMH C KOHTPOJUIEPAMH U APYTMMHU MPOMBIIIJICHHBIMU TPUOOpaMU TIPU MTOMOIIU MPOH3-
BOJICTBeHHOU ceth. [Ipu 3TOM maHenn MoryT 0OMEeHHUBAThCS WH(OpMALIUEH 0THOBPEMEHHO
C HECKOJBKHMHU KOHTPOJIJIEpaMHU, KOTOPble MOTYT OBITb U3TOTOBJIEHBI KaK OJHUM, TaK U
Pa3HBIMH NIPOU3BOAUTEISIMHU.

[Tanens omeparopa B mape ¢ KOHTPOJUIEPOM IO3BOJISIET OOECTIEUUTh YIpaBIICHUE
NPOMBIIIJICHHBIM 000pY/IOBaHUEM MPAKTUYECKH 0e3 ydacTHsi 00CIIyKUBAIOIIETO TIepCOHA-
J1a WIH NIPY €r0 MUHUMAJIBHOM BMEIIATENbCTBE.

JloBonibHO yacTo oneparopckue naHenu uHrerpupytorces B ACY TII wim ACVYII, 06-
MEHHUBASCh C ITUMH CHCTeMaMu HH(popMalyeld, HeOOXOAUMOMN ISl YIIPaBJIEHUS TPOU3BO/I-
CTBEHHBIM IpoleccoM. Kak mpaBuio, 3Ta CBs3b BBINOJHAETCSA IPU NOMOIIM JIOKAJIBHON
cetu npeanpusatus win narepderica Industrial Ethernet.

OnHUM U3 HEAOCTATKOB OOBIYHOW OMEpaTOPCKOM MaHeIH — 3TO MPHUBs3Ka (GyHKIMH K
OTIeNbHBIM Ki1aBuIIaM. Kak mpaBuiio, Bo Bpemsi paOOThl YacTh KJIABHUII OKAa3bIBAeTCs HE
3azelicTBoBaHa. Cie0BaTeNbHO, JUIIHUE KIaBUIIM HAIpPacHO yBEIMYMBAIOT pa3sMep pa-
Ooueil manenu. BeneacTBue 3TOro MOXKHO 3aMEHHUTDH KJIaBHATYpPY C OOJBIIUM YUCIIOM KJila-
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BUIII, UMEIOIIUX OIpe/eJIeHHOe Ha3HAYeHHEe, Ha HEeOOJNBIIYI0 TPYIIy KHOIOK, PacloJio-
KEHHBIX TI0 KpasiM jauciies. [lpu 3TomM (yHKIUS, KOTOPYIO BBITIOIHSCT KJIaBUINA, OyaeT
OTIpeIeNATLCSA B XOAe paboThl ¢ MaHenblo. BenencTBue Takoro M3MEHEHHS] MBI CMOXKEM
CJIeNIaTh OIIEPATOPCKYIO TAHEIh 00JIee KOMITAKTHOM 32 CYET YMEHBIIICHHS KOJTMIESCTBA KITABUIIL

OCHOBHbBIE XapaKTEepUCTUKH KJIaBUATYP:

— CTEMEeHb 3alMIIEHHOCTH XapaKTEPHU3yeT 3alIUIICHHOCTh YCTPOMCTB OT MPOHUKHO-
BEHUS TBEPJIbIX IPEIMETOB, NbLTK U Bobl ( [P54, IP67...);

— 3aIUIIEHHOCTh OT arpeCcCHUBHBIX CpEJl XapaKTepU3yeT YCTONYMBOCTH KJIIABHUATYPhI
IIpU BO3JICHCTBUY HA HEE TaKUX CPeJl, KaK: Maclio, pacTBOPUTENH, MMap, abpa3uB U T. 1.;

— pabouuii [uana3oH TEMIEPATyp — ATO BEPXHSSI U HIDKHSS TPAHUIIA AUara30Ha TeM-
nepatyp, B Mpeenax KOTOpOM yCTPOWCTBO HMPUTOAHO K AKCILTyaTalldd U COOTBETCTBYET
YCTaHOBJICHHBIM XapaKTEPUCTUKAM;

— YCUJTUE HaXKaTHUsS — 3TO YCUJIME, KOTOpOEe HEOOXOIUMO MPHIOKUTh K KIIABUIIE IS
ee cpabaThIBaHUs;

— HaJINYM€ HOYHOM TMOJICBETKY;

— pa3Mepbl KOHTAKTHBIX IJIOMIAI0K KIIABHIIL,

— (OpMBI KJIaBHIII;

— BUOpOHArpy>KEHHOCTb;

— BUOPOYCTOMUMBOCTh — 3TO CIIOCOOHOCTH M3/ENUS BBHIOIHATH CBOM (DYHKLUHU MPHU
BO3JICWCTBUH BUOPAIINH.

OnHUM M3 BaXXHBIX NTAPaMETPOB YCTPOMCTB BBOJA SIBJIETCS HAJIUYHME MOJICBETKHU, KO-
TOpasi TO3BOJISIET UCIOJIB30BATh YCTPOWCTBO KaK B HOUYHOE BpeMs, TaK U B YCJIOBHUSX He-
JIOCTaTOYHON OCBEILIEHHOCTH.

OCHOBHBIE CITOCOOBI pealM3aluyd HOYHOW ITOJCBETKM MOXKHO KJIacCH(HUIMPOBATH
ClenyromuM o0pa3oM: MeCTHAs MOJACBETKA, C UCTOIb30BaHUEM CBETOBOJIA, CBETOAMOHAS
MOJICBETKA, AJIEKTPOIIOMUHECIIEHTHAs TToACBeTKa [1].

Hcxons u3 BhILIENIEPEYUCIEHHBIX TOCTOMHCTB U HEIOCTATKOB CYIIECTBYIOIIMX BapH-
AHTOB TOJICBETOK HauOoJiee PAIMOHAIBHBIM JJIi OpraHU3alMK TIJIOCKOM KIIaBHATYpHI C
MOJICBETKON SIBIISIETCS ANIEKTPONOMUHOGOPHBIN Tuml. [laHenb MOACBETKH SBISETCS IUIO-
CKHM IUICHOYHBIM KOHJIEHCATOPOM C MIPO3PAYHBIM 3JIEKTpoAoM. L[BeT cBeueHwus TFOMUHO-
¢dopa 3aBUCUT OT BETUYMHBI NIPUIIOKEHHOTO HAMPSKEHHSI U YAaCTOTHI, OH MOXKET OBbITh CH-
HUM, 3€JICHBIM, JKEJITHIM U O€IbIM.

OyHKIMOHANBbHASA CXeMa OpraHu3allid MHOTO(QYHKIIMOHATIBLHON ONEepaTopcKoi maHe-
M ¢ TpadUIeCKuM JIUCIUICEM U 3HEProdd(HEKTHBHON TOJCBETKON OpPraHOB YIIPaBIICHUS
MpeACTaBIeHa Ha puc. 1.
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Puc. 1. ®yHkuyoHanpHast cXeMa OpraHu3alii MHOTO(QYHKIIMOHAIBHON
OIIEPaTOPCKOM MaHelH ¢ rpadMuecKuM JUCIUIEEM U 3Heprod(h(HeKTUBHOMN MOICBETKOM
OpraHOB YIpPaBIECHUS



334 Cexuus IV. PagnosjieKTpoHUKa, aBTOMATHKA, TEJIEKOMMYHHKAIIUH, CBA3b

Jns opranuzanuu 0J0Ka MHAMKALMKM CYIIECTBYIOT CIEIYIOLINEe TEeXHUYECKHE pelle-
HUS — IUCIUIEH CO BCTPOEHHBIM KOHTPOJUIEPOM U JUCIUIEN O€3 BCTPOEHHOI0 KOHTPOJLIEepa.
Kaxomy 13 3Tux crnoco60B MpUCyIy JOCTOMHCTBA U HegocTaTku. K qocTonHcTBaM mep-
BOT0O croco0a MOKHO OTHECTH: Majoe KOJMYECTBO JIMHUN CBSI3U, HE TPeOyeTCsl BBICOKO-
HNPOM3BOJUTENbHBIN Mpolieccop UId paboThl, MPOCTOTa MOAU(DUKALUN H300paKeHUH; a
BTOpPOro croco0a: JelieBU3Ha U HE3aBUCHUMOCTh OT CTOPOHHUX Oubmmuortek. CooTBeTCT-
BEHHO, K HEJ0CTaTKaM MEPBOTo crocobda MOXKHO OTHECTU: MpUBA3Ka K MHTepdeiicy npo-
MEXXYTOUYHOTO KOHTPOJIJIEPA, OTPAaHUYEHHOCTh OECIIaATHBIM MPOTrpaMMHBIM 00€CTIEYEHUEM
a100 BCIEACTBHE YHUKAJIbHOCTH KOHTPOJUIEpPA Majloe pacHpocTpaHeHue OUOIMOTEK JUIs
paboThl; a BTOporo crnocoba: Tpedyercst BRICOKas POU3BOUTEIBHOCTD AUCIUIES, KOTOpast
pacTeT C yBEIMUYEHHMEM pa3pelICHUs U pa3Mepa JAUCIuIes, OOJbLIOe KOJIWYECTBO JIMHHUM
CBSI3U, CO3/JTaHHE CBOUX MTPOTPAMMHBIX MOYJIEH U OUOINOTEK.

Hcxons u3 aHamu3a COBPEMEHHBIX 3JEKTPOHHBIX CPEICTB B KAauyeCTBE 3JIEMEHTHOU
0a3pl ISl pellieHrs TOCTaBIEHHOM 3a/1auy ObUIN BbIOpaHbI CIEYIOIINE KOMIIOHEHTHI:

1. MukpoxonTtpomep PIC32MZ2064DAG169 ¢ uHTerpupoBaHHBIM I'paUueCcKUM
KOHTPOJUIEPOM, TpadUUecKHUM TIPOIECCOPOM W BCTpoeHHOW mamsateio 32 MBb DDR2
DRAM umeet BBICOKHI YPOBEHB NPOM3BOAUTENBHOCTH U KauecTBa Ipu padoTe ¢ paziany-
HOU Tpa(uKOH.

2. Mucnneit WaveShare Raspberry Pi co crnenyrooummmu napamerpamu: AMaroHalb
7 movimoB, Tun opranuzaiuu LCD, auanazon temmneparyp 0-70 °C, pazpemenue 1024 x 600,
unTepdeiic cszu HDMI.

3. KommoHeHT opraHu3anus 3HeprodPpQeKTHBHON IOICBETKH — JApaiBep (QHUPMBI
Microchip HV809SG-G [2].

DCKH3 OIepaTopCcKoi MaHeNH ¢ mepeo0o3HaueHHeM (QYHKIIUH HAKUMAEMBIX KJTABHII
HOCPEICTBOM IMUKTOIpaMM Ha JUCIUIEeE MPEeACTaBIEH Ha pHc. 2.
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Puc. 2. Dckus onepatopckoii maHeu ¢ nepeodo3HaueHueM (GyHKIHH HaXKUMaeMbIX
KJIaByUlI MMOCPEACTBOM MUKTOIpaMM Ha AUCILICC

B 3axmroyeHne MOXHO CKa3aTb, YTO OPraHM3alUs ONEPAaTOPCKOW MaHENIH IIPENIo-
KEHHBIM CITOCOOOM IT03BOJIUT OPTraHU30BaTh PACIIMPEHHBIA (DYHKIIHOHA TTAHETH C MAJIBIM
KOJINYECTBOM OIEPATUBHBIX OPTaHOB YIPABJIEHHS MPU COXPAHEHUHM TPeOOBaHMM, Mpelb-
ABJISIEMBIX K JAHHOMY KJIACCY W3JEIUH.



Cexnusn IV. Paguos/ieKTpoHUKA, aBTOMATHKA, TeJIEKOMMYHHKAIIUH, CBA3L 335

Jlutepartypa

1.

BbrixoB, H. H. DreproaddexTrBHas moacBeTka ornepaTopcKol MaHeln MOAYJS YIPaBICHHS TeX-
HoJormaeckoro obopynoBanus / H. H. beikoB // ccnemoBanus u pa3pabOTKH B 00JIaCTH MaIllu-
HOCTPOCHHS, PHEPTETUKHU M ympaBieHus : MaTepuansl X VII MexayHap. Hayd.-TeXH. KOH(Q. CTy-
JICHTOB, aCIIMPAHTOB M MOJIOJBIX yUeHBIX, ['omens, 27-28 anp. 2017 r. / M-Bo obpa3zoBanus Pecrr.
Benapyce, 'omen. roc. texsn. yH-T uM. I1. O. Cyxoro ; mozg obur. pexn. A. A. boiiko. — I'omens :
ITTY um. I1. O. Cyxoro, 2017. — C. 339-342.

HV809SG-G Datasheet. — Pexxum nocryna: http://www.supertex.com/packaging.html 01.04.2017.



