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Buktop [eHmnceHko

HART-nporokon:
oblumne cBepeHns U NPUHLMUIDI
NOCTPOEHUS CeTEeM HA ero OCHoBe

OOMeH uH(opMalMeil MexIy yCTpONCTBaAaMU, BXOISIIUMU B
COCTaB aBTOMATU3WPOBAHHOW CHCTEMBbI (KOMITHIOTEpAMU, KOHT-
posuiepaMu, JaTYMKaMU, WCHOJHUTEIbHBIMU YCTPOWCTBAMU),
TIPOVICXOMIUT B OOIIIEM cilydae uepes npomviuiienuyio cems (field-
bus, moneByto mmHy) [1, 2].

[TpoMBbITIUTEHHBIE CETH OTIIMYAIOTCS] OT O(UCHBIX CIIEMYIOIIMU
CBOMCTBAMU:
® CIELUATbHBIM KOHCTPYKTUMBHBIM HCIOJTHEHUEM O000pyIOBa-

HUs1, 00eCreYMBAIOLINM 3allUTy OT MbUIM, BJIard, BUOpaluu,

YIoapos;

@ [IMPOKUM TEMIIEPaTypHbIM [MAMa30HOM O0OpPYyIOBaHUS

(06wraHO OT —40 10 +70°C);

@ TOBBILLIEHHOU MPOYHOCTBIO KabeJis, U30JISILIUU, PA3bEMOB, 2J1e-

MEHTOB KPETUICHUS;

@ MOBBILLIEHHON YCTOMUYMBOCTBIO K BO3JIECHCTBUIO 3JIEKTpOMAr-
HUTHBIX TIOMEX;

BO3MOXHOCTBIO Pe3epBUPOBAHUS /151 IOBBIICHUS] HAIEKHOCTY;
MOBBILLIEHHOU HAIEXXHOCTBIO Mepeiayu JaHHbIX;
BO3MOXHOCTBIO CAMOBOCCTAHOBJIEHUS MOCTIE COOST;
JIETePMUHUPOBAHHOCTBIO (OMPEACIEHHOCTBIO) BPEMEHU 10C-
TaBKYU COOOILIEHUIA;

©® BO3MOXHOCTBIO pa0OThI B peaJTIbHOM BPEMEHMU (C MaJIOii, TOCTO-

SIHHOM Y U3BECTHOU BEJIMUUHON 3a[IEPKKN);
® paboToil ¢ JUIMHHBIMU JIMHUSIMU CBSI3U (OT COTEH METPOB 10

HECKOJIbKUX KAJIOMETPOB).

[TpoMbITIUTEHHBIE CETH OOBITHO HE BBIXOISIT 3a TIPEIETbl OHO-
ro npeanpusTusi. OgHako c nosiieHuem Ethernet u Internet ais
TPOMBIIIUIEHHBIX CETeil CTali TIPUMEHSITh Ty XKe Kiaccuduka-
LIVIO, YTO U JJI1 ODUCHBIX |3]:
® LAN (Local Area Network) — cetu, pacronoXeHHbIe Ha Orpa-

HUYEHHOI TeppuTopuu (B 1iexe, oduce, B mpeaesiax 3aBoia);
® MAN (Metropolitan Area Networks) — ceTu ropoJIoB;
® WAN (Wide Area Network) — miobanibHasi ceTb, OXBaTbIBAOLLIAS

HECKOJIbKO TOPOIOB WM KOHTUHEHTOB (OOBIYHO UTST 3TOTO UC-

noJb3yt0T MHTEepHET-TeXHOIOTHIO).

B Hacrosiiee BpeMst HacuuTbiBaeTcs 6os1ee S0 TUMOB MPOMBILLI-
neHHbIx cereir (Modbus, PROFIBUS, DeviceNet, CANopen,
cetb Ha ocHoBe HART-nipotokosna, LonWorks, ControlNet, SDS,
Seriplex, ArcNet, BACnet, FDDI, FIP, ASI, Ethernet, WorldFIP,
Foundation Fieldbus, Interbus, BitBus u ap.). OmHako mmpokoe
pacrnpocTpaHeHue ToTyIria TOJIbKO YacTh 13 HuX. B Poccuu mo-
nasystroniee 6obimHCTBO ACY TIT ncnomnbaytot cet Modbus 1
PROFIBUS. B nocienHue rofasl BO3pOc MHTEPEC K CETSIM Ha OC-
HoBe CANopen, DeviceNet 1 HART-tiporokoma. PacnipocTpa-
HEHHOCTH B Poccu Toil Wit MHOM TIPOMBITIUIEHHON CeTH CBSI3a-
Ha, B TIEPBYIO OUepe/ib, C TMPEANOYTEHUSIMU U aKTUBHOCTBIO POC-
culickux (GUpM, MPOIAIOIINX UMITOPTHOE 00OPYIOBAHNE.

ITIpomviuinenroii cemvro Ha3bIBAIOT KOMIUIEKC 00OpYIOBaHUS U
MpOrpaMMHBIX CPEICTB, KOTOPHI obecrieunBacT 0OMeH MHMOp-
Marnmeil (KOMMYHUKAIIAI0) MEXITy HECKOJIbKUMU YCTPOMCTBAMM.
[TpoMbIIuIeHHAsT CeThb SIBJISIETCSI OCHOBOM JIJIST TIOCTPOCHUSI Pacii-
penenéHHbBIX CUCTEM cOOpa TaHHBIX U YIIpaBICHUS.

[MockonbKy B TIPOMBIIIJICHHOM aBTOMAaTU3allMU CETeBbIe MH-
Tepdeiichl MOTYT OBITh HEOTHEMJIEMOM YaCThIO COSTMHSIEMBIX YCT-
PpOIiCTB, a ceTeBOe TTporpaMMHoe obecrieueHue (I10) npukiamHo-
ro ypoBHs Mozeu OSI [1] ucrioiHsieTcsl Ha OCHOBHOM ITPOIIECCO-
e MPOMBIIIUIEHHOTO KOHTPOJUIEPa, TO OTICIUTh CETEBYIO YaCTh OT
YCTPOMCTB, OOBEAMHSIEMBIX B CETh, MHOTAA (DM3NYECKU HEBO3-
MoxkHO. C apyroii CTOpOHBI, CMEHY OIHOI CETH Ha APYTYIO 4acTo
MOKHO BBITTOJIHUTB C TIOMOIIBIO 3aMeHbI ceTeBoro [10 u ceTeBo-
TO afanTepa Wik BBeAeHUEM Mpeodpa3oBaresisi uHTepdeiica, mos-
TOMY 4acto oguH 1 ToT Xe Tum [1JIK Moxker ncrnoiab3oBaThest B
Pa3IMYHBIX CETSIX.

CoenrHEeHME MPOMBIIIUIEHHOM CETH ¢ €€ KOMITOHEHTaMu (YCT-
poiicTBaMU, y3JIaMH CETH) BBITIOJHSIETCSI C TIOMOILIBIO uHmepgeii-
cos. CeTeBbIM MHTEPGENICOM Ha3bIBAIOT JIOTUYECKYIO U (M) hu-
3UYECKYIO TPAHULLY MEXIYy YCTPOMCTBOM U CPEAON nepenayv uH-
dopMmary. OObIYHO 3TOI IpaHULIEN SBIsIETCS HA0OOP 2JEKTPOH-
HBIX KOMIIOHEHTOB 1 cBs3aHHOro ¢ HuMu [10. IIpu cyiiecTBeH-
HbIX MOAM(DUKALIMAX BHYTPEHHE CTPYKTYpbl YCTpOWMCTBA WU
T1O uHTepdeiic ocTaércst 6e3 U3MEHEHMI, YTO SIBJISIETCSI OHUM
U3 MPU3HAKOB, TMO3BOJISIIOIIMX BbIIEIUTh MHTEpdEic B cocTaBe
000pyIOBaHUS.

Hawnbosnee BaxkHBIMU TapameTpaMu HMHTepdeiica sBISIOTCS
MPOITyCKHAasI CIIOCOOHOCTh U MaKCUMaJIbHAsl IJTMHA TTOAKIIoYae-
moro kaoenst. [TpombiiiuieHHbIe UHTEP(ECh OOBIYHO 00eCIIeun-
BaOT raJIbBAHMYECKYIO Pa3BI3Ky MEXKIy COCIUHSIEMbIMU YCTPOI-
crBamu. Haunbosee pacrpocTpaHeHbl B TPOMBILIJIEHHON aBTOMa-
TU3aLMM TT0cenoBare/ibHbie MHTepdeiickl RS-485, RS-232, RS-
422, Ethernet, CAN, HART, AS-i.

Jlns oomeHa nHgopmalueil B3auMOASHCTBYIOLIME YCTPOMCTBA
JIOJDKHBI UMETh OJIMHAKOBBIN npomokoa odMeHa. B mipocreriiieii
(dopMe NMPOTOKOJI — 3TO HAOOP TpaBUJI, KOTOPBIE YIIPaBJISIOT 00-
MeHoM MHbopmanueit. OH orpenessieT CMHTaKCUC U CEMaHTUKY
COOOILLIEHU T, Orepalliu YIPaBJIEHUS, CHHXPOHU3AIMIO U COCTOSI-
HUSI TIPY KOMMYHUKaLMKU. [TpoTOKO MOXET ObITh peaiu3oBaH
anmnaparHo, MPOrpaMMHO WJIM TMporpaMMHo-anmnapatHo. Hassa-
HUE CETU OOBIYHO COBITaJaeT ¢ HA3BaHUEM MTPOTOKOJIA, YTO OOBSIC-
HSIETCSI €T0 OIpeNesIsIolel poibio Mpu co3aaHuu cetu. B Poccun
HCTIOJIb3YIOTCSI CETEBbIE MPOTOKOJbI, OMUCAHHbIE B CEPUU CTaH-
naprtos [4—10].

OOBIYHO CeTh MCIOIb3YeT HECKOJIBKO MPOTOKOJIOB, 00pasylo-
WX CMeK NPOmoK0106 — Habop CBSI3aHHBIX KOMMYHUKALIMOHHBIX
IPOTOKOJIOB, KOTOPbIe (DYHKIIMOHUPYIOT COBMECTHO U MCTIONB3Y-
0T HEKOTOpble WM Bce ceMb ypoBHeit momenu OSI [11]. Las
OOJIBIIIMHCTBA CETe CTEK IMPOTOKOJIOB Peali30BaH C TTOMOIIILIO
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B SANMNCHYIO KHMUXKY MHXEHEPA

CITEIUATM3UPOBAHHBIX CETEBBIX MUKPOCXEM WJIM BCTPOEH B YHU-
BepCaATbHBIN MUKPOIIPOIIECCOP.

BzanmoneiicTBre YCTPOMCTB B TIPOMBIIIJICHHBIX CETSIX BBITION-
HSIETCSI B COOTBETCTBUY C MOJIETISIMU «KAUeHM—cepgep» VI «U30a-
menb—noonucuux» (<IIPOU3BOIUTETb—ITOTPEOUTENE») [12]. B MO-
JIeN «KJIMEHT—CepBep» B3aMMOJICICTBYIOT ABa oObekTa. CepBe-
POM SIBJISIETCST OOBEKT, KOTOPBII TIPEIOCTABIISIET CEPBUC, TO €CTh
KOTOPBII BBITIOJTHSAET HEKOTOPBIC ICUCTBHS IO 3aIIpOCy KIIMEHTA.
CeTh MOXET coepKaTh HECKOJIBKO CEpBEPOB 1 HECKOIBKO KITH-
eHTOB. Kaknplii KJTMEHT MOXKET MOChUIATh 3aIiPOChl HECKOJIBKUM
cepBepaM, a KaXIblii cepBep MOXET OTBeYaTh Ha 3aIlpochl He-
CKOJIBKMX KJIMEHTOB. DTa MOZe/Ib YIOOHA TS TIepeaadyn JaHHbIX,
KOTOpbIC TTOSIBIITIOTCS] TIEPUOANIECKH WIIA B 3apaHee M3BECTHOE
BpeMsl, KaK, HallpuMep, 3HaYCHUS TeMITepaTyphbl B MIEpUOIMYICC-
KOM TEXHOJIOTMYEeCKOM Tpoliecce. OmMHaKO 3Ta MOJe/Ib HeyIoOHa
IIJIST TIepeaady CIydaifHO BOSHUKAIOIINX COOBITUIA, HATIPUMED CO-
OBITHSI, COCTOSIIIETO B CIyJalfHOM CpabaThIBAHUM TaTYMKaA YPOB-
HSI, TIOCKOJIBKY IJIST TIOJYYEHMSI 3TOTO COOBITHS KIIMEHT JIOJDKEH
TEepUOINYECKN C BBICOKOW YacTOTOM 3aIpalliiBaTh COCTOSTHUE
JTaTYNKa M aHAJIM3MPOBATh €T0, Teperpyxasi CeTh OECIToIe3HbIM
TpauKOM.

B Momenu B3auMOIECTBYS «M30ATEIb—ITOAMMCYNK» UMEETCS
ONMH U3IaTeIb 1 MHOXECTBO MOANMUCUYNKOB. [Toanmucunku cooo6-
IIAIOT M3JATEI0 CIUCOK TEroB, 3HAYEHUS] KOTOPBIX OHU XOTSIT
TTOJTYJaTh 10 OTpeNeIEHHOMY PaciCaHUIO WM 10 Mepe TTOsIBJIe-
HUSI HOBBIX JaHHBIX. Kaxkmplii KIMEHT MOXKET IOAMMCAThCs Ha
CBOI1 HAbOp TeroB. B COOTBETCTBUM ¢ yCTaHOBJICHHBIM pacruca-
HUEM H3[aTesib pacchbulaeT TOAMMCYMKAM 3arlpoOIIeHHYI0 WH-
dopmaruio.

B mr060it Momen B3aMMOIEHCTBUSI MOXKHO BBIICUTh YCTPOii-
CTBO, KOTOPOE YMPABJISIET IPYTUM (TMTOMYMHEHHBIM) YCTPOKCTBOM.
YcTpoiicTBO, MpOsIBUBIIICE MHUITMATUBY B OOMEHE, Ha3bIBAIOT 6e-
dyuum, enaeHvim, U macmepom (master). YCTpOICTBO, KOTOpoe
OTBEYaeT Ha 3aITpoChl MacTepa, Ha3bIBAIOT 8e00MbIM , NOOUUHEHHBIM,
unu caetieom (slave). Bemomoe ycTpoiicTBO HUKOIIAa HE HAYMHAET
KOMMYHMKALIMIO TTepBbIM. OHO XXAET 3arpoca OT BEAYIIETrO U TOIb-
KO OTBeYaeT Ha 3arnpochl. HarprMep, B Moaeu «KIMeHT—CepBep»
KJIMEHT SIBJISIETCSI MAaCTepOM, CepBep — MOAYMHEHHBIM. B Monenn
«M3aaTeIb—IIOAMUCUMK» Ha dTarle TMOAMUCKA MacTEPOM SIBIISIETCS
KJIMEHT, a Ha 3Tarle pacChLIKM ITyOJIMKalMii — cepBep.

B cetn MoxeT ObITh OTHO MM HECKOJIBKO BEAYIIMX YCTPOMCTB.
Takue ceTn Ha3bIBAIOTCSI COOTBETCTBEHHO 00HOMACMEpHbIMU VU
MHo2OMacmepubimu. B MHocomacmeproli cemu BO3HUKAET MpooJie-
Ma paspelieHUs] KOH(MIMKTOB MEXKIy YCTPOMCTBAMM, TTbITAFOIIM -
MMCSI OTHOBPEMEHHO TOJIyYUTh JOCTYIT K Cpeje Tepefayu MH-
dopmaru. KoHGIUKTBI MOTYT ObITh pa3pellieHbl METOAOM Iepe-
a4y Mapkepa, Kak, Haripumep, B cetu PROFIBUS, meTonoM mo-
OUTOBOrO cpaBHeHUs1 uaeHTUdUKaTtopa (ucrob3yercss B CAN),
METOJIOM MPOCyIIMBaHMS ceT (Mcrofb3yeTcs: B Ethernet) u me-
TOMIOM TPENOTBPALLIEHUS] KOJUTU3UI (MCTIOJIb3yeTCsl B OeCIIPOBO/I-
HBIX CETSIX).

Bo Bcex ceTsix NMPUMEHSIETCS WUPOKOBeuamenbHas paccblika
0e3 ornpeneEHHOro aapeca, TO €CTb BCeM yYacTHUKaM ceTu. Ta-
KOW pexKrM HCIOJIb3YETCsI OOBIYHO JIJISI CHHXPOHM3ALIMU MpoLiec-
COB B CE€TU, HaIpuMep ISl OTHOBPEMEHHOTO 3aIycka Ipoiiecca
BBOJIa JAaHHBIX BCEMU YCTPOMCTBAMU BBOJA U/ JUTSI CHAHXPOHU3a-
LIMU YacoB.

HexoTopble ceTu UCTONb3YIOT MHO20AOOHEHMCKULL PeNCUM, KOT-
Jla OJTHO M TO K€ COOOIIEHNEe TOChUIAeTCSI HECKOJIBKIM YCTPO-
CTBaM OJTHOBPEMEHHO.

Ilepenaua MHbOpPMaLIMM B CETU BBITIOJHSIETCS 4Yepe3 KaHan
MEXITy TIepeIaloliM 1 TIPUEMHBIM ycTpoiicTBamu. KaHair siBiis-

€TCsl TIOHSITUEM TeOpUU MH(pOPMALIMKY 1 BKIIIOYAET B Ce0s1 JIMHUIO
CBSI3U M TIpUEMOIIEpeaatolre ycTpoiictsa. B o01iem ciyyae BMec-
TO TEPMUHA «JIMHUSI CBSI3U» UCITOJIB3YIOT TEPMUH «Cpefia nepea-
Yh», B KAUeCTBE KOTOPOII MOXET BbICTYNAaTbh, HAIIPUMEDP, ONITOBO-
JIOKHO, 2(DUp UM BUTAsI TTapa MpOBOJIOB.

B pacrnipenenéHHbIX crucTeMax Ha OCHOBE MPOMBIIUIEHHBIX Ce-
Tell MOT'YT ObITh MSATh TUIIOB JAHHBIX: CUSHANbI, KOMAHObL, COCIOS-
Hust, cobbimust, 3anpocet [13].

Cuenanbl — 3TO Pe3yJIBTaTbl U3MEPEHUIA, TTOJTyYaeMble OT JaTyu-
KOB M MU3MEPUTEbHBIX MpeodpaszoBareseil. X «Bpemst XU3HU»
OYEHb KOPOTKOE, MO3TOMY YacTo TpeOyeTcsl MOJyYUTh TOJIBKO
nocjaeIHUe JaHHbIE U B MAKCUMAJTbHO KOPOTKUIA CPOK.

Komanow: — 310 cOOOIIEHMSI, KOTOPBIE BBI3BIBAIOT HEKOTOPHIC
NIEWCTBUS, HAIPUMED 3aKpbITHE KilarnaHa win Bkimouenue [TA]I-
peryJsitopa. BobIIMHCTBO CUCTEM TOJKHBI 00pabaTbiBaTh MOTO-
KW KOMaHJ, KOTOpbIE MEepealoTcsl aapecaTy ¢ BbICOKOW HamEx-
HOCTBIO, U UX HeJb3$ MepelaTh TOBTOPHO.

Cocmosnue TIOKa3bIBAET TEKYyIlee UK Oyaylllee COCTOSIHUE CUC-
TEeMbI, B KOTOPOE OHa J0JKHA niepeiiTu. TpeboBaHue KO BpeMeH!
€ro JOCTaBKM MOXET ObITh HE TaKUE€ XECTKUM, KaK JUIsi KOMaHI;
HETMPUHSATOE COCTOSTHUE MOXET ObITh IMOCIAHO MTOBTOPHO.

Colbimue HACTYTIaeT OOBITHO TIPY TOCTIKEHUY TEKYIITUM TTapa-
METPOM TPaHWYHOTO 3HaueHus1. Hampumep, coObITHEM MOXeT
OBITH BBIXOI TEMITEPATYPHI 32 TEXHOJIOTMIECKH JIOMTYCTUMYIO Tpa-
HUITY. 3a TIOSIBJIEHMEM COOBITHSI TOJDKHBI CJIeOBAaTh OTBETHHIE
NEUCTBUSI, TIO3TOMY UTSI COOBITHIT OCOOEHHO BaXKHO TpeOOBaHME
rapaHTHPOBAHHOTO BPEMEHMU JIOCTABKMU.

3anpoc — 3T0 KOMaH/Ia, TIochlIaeMasl I TOTO, YTOOBI TIOJTYUUTh
otBeT. [IprmepoM MOXKeT OBITh 3aITpOC CepBeEpPY, KOTOPHIA BHITAET
Ha HEero OTBET.

Ilpu ommcaHuu ceTeil MCHONMB3YeTCS TIOHSITUE @peima. Tlom
dpeiiMoM TOHMMAIOT HAOOP MAHHBIX, TIEPEIaBaeMbIX IO CETH U
HWMEIOIINX CTPOTO OTOBOPEHHYIO CTPYKTYPY (hopmart). TepMuHbI
«Kazip», «IefiTarpaMMar», «CeTMEHT», CIIOIb3yeMbIe B CTAHIApTax
Ha pa3IMIHbIe TIPOMBITIUIEHHBIE CETH, YTIOTPEOIISTIOTCST KaK CUHO-
HUMBI (hpeiima.

CeT MOTYT UMETH TOIIOJIOTUIO 3BE3[bI, KOJbIIA, IIIMHBI WU
cMelaHHyio. Tormoaorust 38e31bl B MPOMBIIIIIEHHO aBTOMAaTH-
3aIMU UCTIONB3YeTCsT peaKo. TOMOIOT ST KOJbIIa TIPUMEHSIETCST B
OCHOBHOM IS TIepenayr Mapkepa B MHOTOMACTEPHBIX CETSIX.
LIunaHast Tomonorust sIBsieTcsi OOIIETPUHSITON, UTO SIBISIETCS
OJIHOM U3 MPUYMUH MPUMEHEHUS TEPMUHA «[IPOMBILLITICHHAS 1M~
Ha» BMECTO «IIPOMBIIIIEHHast ceTh». K 00I1eil mmHe B pa3HbIX
MECTaX MOXKET OBbITh MOAKITIOUEHO IMPOU3BOJIBHOE KOINYECTBO
YCTPOWCTB.

OCHOBHBIMU TIapaMeTPaMU MPOMBILUIEHHBIX CETell SIBISIIOTCS
npouseooumenvHocms U Hadéxcuocms. [1pon3BOAUTENBHOCTD Ce-
TU XapaKTEePU3YETCSl @peMeHeM peaKyuu W HPOnYCKHOU Cnocoo-
Hocmbio [14].

Bpems peakyuu cetn ompenensieTcsi Kak MHTEPBAJT BPEeMEHU
MEXIy 3aIIPOCOM BEIYILETO YCTPONCTBA M OTBETOM BEIOMOTO TIPU
YCJIOBUU, YTO BEIOMOE YCTPOMCTBO UMEET TaKylo Maylo 3a1epxkK-
Ky BbIpaOOTKHM OTBETA Ha 3aIIpocC, YTO €10 MOKHO TIpeHeOpeyb.

[Iponycknas cnocobHocms ceTu OIpenessieT KOJIMYeCTBO WH-
dopMaLmu, MepeHOCUMOM CEThIO B eIMHULYY BpeMeHu. M3mepsi-
eTcsl B OUT/C 1 3aBUCUT OT OBICTPOAEICTBHUS CETEBBIX IPUEMOTIE-
penaTIYNKOB U CPEbI Tiepenavn.

BaxxHoit xapakTepruCTUKON TMPOMBILLIEHHbIX CETEl SIBJISIETCS
Haoéuchocms docmaeku NaHHbIX. OHA XapaKTepusyeTcs Kod@gu-
YUEHIMOM 20MOBHOCMU, BEPOSIMHOCMbIO 00CMABKU OGHHLIX, Nped-
CKA3yemMocmblio 8pemMeHy 00CmasKu., 6e30nacHOCmbio, OMKA30YCMoli-
uugocmoio [14].
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Tabnuya 1
Mopaensb 0SI HART-npoTokona
7 MpuknagHon HART-KkOMaHAbl, OTBETbI, TUMbI JAHHbIX
6 YpoBeHb e
npeACcTaBAeHUsA
5 CeaHcoBblit Her
4 TpaHcnopTHbId | Het
3 CeteBolt Her
KaHanbHbIN Bepywnii/BefoMblii, KOHTPONIbHAA CYyMMa,
2 (nepepauun KOHTPO/Ib YETHOCTH, OpraHn3aLus noToka 6uTos
AaHHbIX) B COOOLEHUM, KOHTPOSIb NPUEMA COOBLLEHN
. HanoxeHwue ungposoro YM-curHana Ha
1 ~
Puauseckui aHaNoroBblit curHan 4...20 MA; MefHas BUTas napa

Kosppgpuyuernm comosnocmu paBeH OTHOIIICHUIO BpeMEHU Hapa-
OOTKM [T0 OTKAa3a K CyMMe BpeMeHU HapabOTKH! 10 OTKa3a U Bpe-
MEHU BOCCTaHOBJICHUSI TTOCTIE OTKa3a.

Beposmuocms docmaeku dannbix OTIpenesnsieTcsl TIOMEXOYCTOM-
YMBOCTBIO KaHaJIa Tiepeladui U JeTePMUHUPOBAHHOCTHIO TOCTYTIA
K KaHaJy. B GeCTIpOBOIHBIX CETSIX 8eposimHOCMb HOMEPU NAKemoe
TpU Tiepeiade ropasno BIIIIe, YeM B TPOBOTHBIX. B ceTsix co ciy-
YalfHBIM METOJIOM JIOCTYTIAa K KaHAITy CYIIIeCTBYET BEPOSITHOCTh TO-
O, YTO TaHHbIE HUKOTIA He OyIyT TOCTaBIeHbI aOOHEHTY. Bpems
docmasku NaHHBIX B opuCcHBIX ceTsix Ethernet siBisercs cirydaii-
HOI BEJTMUMHOM, OHAKO B TIpoMbIiuieHHOM Ethernet sta mpo6-
JieMa pellieHa TpuMeHeHeM KOMMYTaTOpOB.

besonactocms — 3TO CIOCOOHOCTH CETH 3alIUTUTH TieperaBae-
MbIe JaHHBIE OT HECAaHKITMOHUPOBAHHOTO JIOCTYTIA.

Omka3zoycmoiiuueocms — 3TO CIIOCOOHOCTb CETU TIPOIOJIKATH
(QyHKIIMOHMpPOBaHUE TIPU OTKa3e HEKOTOPBIX 2IeMEeHTOB. [Ipu
STOM XapaKTePUCTUKU CUCTEMBI MOTYT YXYAIIUTHLCS, HO OHA HE
TepsieT paboTOCITIOCOOHOCTH.

B nocnentee Bpemst TOSIBUIICST TEPMUH «Ka4eCTBO OOCTy>KMBa-
Hust» (Quality of Service — QoS). QoS omnpenensieT BEpOSITHOCTh
TOTO, UTO CETh OyeT MepeaaBaTh 3a1aHHbBIN MOTOK JAHHBIX MEX-
Iy IByMsI y3JIaMU B COOTBETCTBUU C TIOTPEOHOCTSIMU TIPUIIOXKE-
Hus [14].

HART-nporokon (Highway Addressable Remote Transducer —
MarucTpajibHbIIA apecyeMblil ynan€HHbI npeodpa3oBaresb) [15]
SIBJISIETCSI OTKPBITHIM CTAHIAPTOM Ha METOJI CETEBOrO OOMeHa, KO-
TOPBII BKITIOUAeT B ce0s1 He TOJBKO TTPOTOKOJI B3aUMOACUICTBUS
YCTPOICTB, HO M TpeOOBaHMS K arnapaType KaHaja CBSI3U, TI09TO-
My YCTOSIBIIUIACSI TEPMUH <«ITIPOTOKOJI», O3HAYAIOIINI aJITOPUTM
B3aUMOJICICTBUSI YCTPOMCTB, TIPUMEHEH 31eCh He COBCEM KOPPEKT-
Ho. Cranmapt HART 06w paspaboran B 1980 romy dupmoit
Rosemount Inc., koTopasi To3:xe criesiajia ero OTKphITEIM. B HacTo-
siTIiee BpeMsl CTaHAaPT MOIIEPKUBACTCST MEXIyHAPOIHOU OpraHu-
zarueit HART Communication Foundation (HCF), HacuntbiBao-
meit 6omee 200 wieHoB. HART HaxomuT TIipuMeHEHHE ST CBSI3U
KOHTpOJIIepa ¢ IaTYMKaMU Y M3MEPUTEIIbHBIMU TIpeodpazoBarte-
JISIMH, 2JIEKTPOMAarHUTHBIMU KJIallaHAMU, JIOKATbHBIMU KOHTPOJT-
JIepaMu, [UIS CBSI3U C UCKPOOE30TIaCHBIM 000pyIOBAaHUEM.

Hecmotps Ha cBo€ Hu3Koe ObicTponeiicTBue (1200 6ut/c) u He-
HaIEXHBII aHAIIOTOBBIN CITIOCOO TIepeaayy JaHHbBIX, a TAKXKe T0-
sIBJIeHNe O0JIee COBEPIIIEHHBIX CETEBBIX TEXHOJIOTHIA, YCTPOICTBA C
HART-nporokoioM pa3pabdarbiBalOTCsl A0 CUX TTOP U OOBEM 3TO-
rO CerMeHTa pbIHKa TpopomkaeT pactu. OqHaKo TpUMEHeHUe
HART B Poccun noBoJIbHO OrpaHWYEHO, MOCKOJIbKY BHEAPEHUE
natyukoB ¢ HART-mipoTokonom TpebGyeT OMHOBPEMEHHOTO TIPH-
MeHeHnsi HART-coBMecTMBIX KOHTPOJUIEPOB U CIIETIUATTA3UPO-
BaHHOTO TIPOrPaMMHOTO obecrieueHus1. TuToBoii 061acThIO TIPU-

menennst HART siBstioTcst 1OCTaTOYHO TOPOTHE MHTEIIEKTYa b~
HbIE YCTPOICTBA (2JIEKTPOMArHUTHBIE KJIaNaHbl, JaTYUKU TTOTOKA
>KUAKOCTHU, pagapHble ypOBHEMEPHI U T.I1.), a TAKXKE B3PHIBOOE30-
nacHoe obopyaoBaHue, Tae Hu3kasi MoliHocTh HART-curnana
TO3BOJISIET JIETKO YIOBJIETBOPSITH TPEOOBAHUSIM CTAHIAPTOB Ha
HMCKPOOE30TacHbIe AIEKTPUIECKUE LIETTH.

Cranmapt HART Bximtouaet B ce0st 1, 2 1 7-i1 ypOBHU MOJEIN
OSI (ta6:. 1). [NomHOE onucaHue cTaHAapTa MOXKHO TTPUOOPECTU
y opranuzauun HCF (www.hartcomm.org).

O6wme NpUHLMUNbI

[Tpu coznannu HART-npotokosna B 1980 rony rpecienosanach
11eJTh CIIeJIaTh €70 COBMECTUMBIM C IITMPOKO PACTIPOCTPAHEHHBIM B
TO BPEMsI CTAHIAPTOM <«TOKOBasl TIET/IsT», HO TOOABUTH BO3MOXK-
HOCTH, HEOOXOMUMBIE TS YIIPABICHNSI MHTEJIEKTYaTbHBIMU YCT-
poiictBamu. [ToaToMy aHanoroBast TokoBast TieTyist 4...20 MA ObuTa
MOJIEPHU3UPOBAHA TAKUM 00pPa30M, UTO TTOJTyIria BO3MOKHOCTh
TOJTYAYTUIEKCHOTO 1T poBOTO 0OMeHa TaHHBIMHU. 1151 3TOTO aHa-
JIOTOBBIN curHall A(f) cymmupyetcest ¢ IudpoBbIM curHajaoMm D(7)
(puc. 1), u noaydyeHHas1 TakuM o0pa3oM cyMma Iepeaércs ¢ 1o-
MOIIbIO UCTOYHUKA TOKa 4...20 MA 1o JiuHuM cBs3u. braromapst
CUJTLHOMY Pa3IMIMIoO MUATa30HOB YacToT aHaaorosoro (0...10 Iir)
n uudposoro (1200 Iir m 2200 i) curHaIOB OHU JIETKO MOTYT
OBITh pa3aesieHbl (DUITBTPaMU HU3KUX U BBICOKUX YaCTOT B TIPUEM-
HoM ycrpotictse. [Ipu epenaye b poBOro IBOMYHOTO CUTHAJIA
JIorrieckast eMMHUIA KOMUPYETCs] CUHYCOUNATBHBIM CUTHAJIOM C
yactoroit 1200 Iix, Homb — 2200 Iix. [Tpu cMeHe 9acToTh (ha3a Ko-
JebaHMi1 ocTaéTcsa HempephIBHOM. Takoit criocod (hhopMUpOBaHUST
CUTHAJIa HA3bIBAETCSI YAaCTOTHOW MAHUITYJISIIIEN C HETIPEPHIBHOM
dazoii. Be160op 4acToT COOTBETCTBYET aMEPUKAHCKOMY CTAHIAPTY
BELL 202 Ha TenepoHHBIE KaHAJTbI CBSI3U.

[MpuHIIMT B3anMonencTBYSI yCTPOUCTB Ha (PU3NIECKOM YPOBHE
Moze OSI nokasan Ha puc. 2. ConpoTusieHue R, BblOupaeTcst
Tak e, Kak U B TOKOBOU TeT/Ie (CTaHIapTOM TIPeayCMOTpeHa Be-
mmanHa 230...1100 Om), u cryskut Ut TIpeoOpa3oBaHUs TOKA
4...20 MA B HaTIpsDKeHYE. AKT B3aUMOICUCTBUST YCTPOUCTB UHUITU-
npyeT KoHTposuiep. LlndpoBoit curHam OT UCTOYHMKA HaTpsDKe-
Hust £ uepe3 koHneHcatop C, MOAETCS B JIMHUIO TIEPENaun U
TPUHUMAETCST Ha CTOPOHE JIaTYMKa B (hopMe HATIPSDKEHUST B A~
mazoHe ot 400 mo 800 mB. INpuémMHUK maTdymka BOCIIpUHUMAET
HART-curnans! B ananazone ot 120 MB 1o 2 B, curnamsr ot 0 1o
80 MB mpuémuukom urHopupyiotcs. [lomyduB 3ampoc, maTauk
dopmMupyeT OTBET, KOTOPBII B OOIIEM CIydyae MOXET ColepKarb
KaK aHaJIOToBbIil curHal A(f),, Tak n unudposoii D(f),. AHanoro-
BBIY CUTHAT OOBIYHO COMEPKUT MHMOPMALIHIO 00 M3MEPEHHO Be-
JIMIUHE, a TMdPoBoit — WHMOPMALIMIO O eNMHUIAX U TATla30He
W3MEPEeHUS, O BBIXO/IE BEJTMUUHBI 32 TPAHUIIBI TUTHAMUYECKOTO -
ara3oHa, O TUIIE MaTYMKa, UMEHU M3TOTOBUTENISI U T.IT. AHAJIOTO-
BBII 1 1TMMPOBOI CUTHATIBI CyMMUPYIOTCST M TIONAIOTCST B JIMHUIO
cBs131 B hopMe ToKa (puc. 1, puc. 2). Ha cropoHe KoHTpoJuiepa Tok
IpeoOpasyeTcsl B HarpspkeHue pe3uctopoM R, IlosmyueHHsIi cur-

20 MA

Tok netnu

4 mA

Puc. 1. CymmupoBaHue aHanorosoro u uupoBoro curHana
no HART-npoTokony
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Has romaércst Ha hutsTp HYoKHUX yactoT (PHY) ¢ gactoToii cpe-
3a 10 Ii1 n Ha dwsrp Bepxaux actoT (PBY) ¢ wacToToit cpesa
400...800 Ii1. Ha BbIXOme puisTpoB BeIIENSTIOTCS IU(POBOIL CHUT-
Han D(f), u aHanoroBblil A(f),. I1pu ucrnonb3oBaHuu (HUIETPOB
BTOPOTO TTOPSIIKA MIOTPEITHOCTh, BHOCUMAsT IIM(POBBIM CUTHAJIOM
B aHAJIOrOBBIiA, cocTasisieT Beero 0,01% or 20 MA.

Kak u B 00bIMHOI TOKOBOIA TeT/Ie, UCTOYHUK Toka B HART-
YCTPOICTBE MOXET MMETh BHEIITHUI WU BCTPOSHHBI UCTOUHUK
TUTaHUSI.

B yactHoMm ciyyae HART-npoTtokos MOXeT WMCIOJIb30BaTh
TOJIbKO 1IMPOBOI CUTHAT O€3 aHAJIOTOBOTO WJIN TOJTLKO aHAJIOTO-
BbIii curHai 4...20 MA 6e3 g poBoro.

B cirydae koraa BeZOMbIM YCTPOMCTBOM SIBJISIETCST HE IaTIWK, a
WCTIOJTHUTEIGHOE YCTPOMCTBO (HAIPUMED, SJIEKTPOMATHUTHBIN
KJIaTlaH), aHAJIOTOBBIN CUTHAT B (hOpMe TOKa JIOJKEeH TiepeiaBaTh-
CsI OT BEMyIIEeTO YCTPOMCTBA K BEIOMOMY, N UICTOUHHMK TOKA IO~
JK€H HAXOOWTHCS B BEMyIIEeM YCTPOMCTBE (cUTyarusi, oOpaTHast
rnmokaszaHHoi Ha puc. 2). [Tockoabky HART-ycrpoiictBa comep-
KaT MUKpoKoHTposuiep 1 MOIT-kmoun, HeoOXoaMMOoe IS 3TOTO
MepeKOHOUTYpUpOBaHNe TiepefaTInKa 1 MPUEMHUKA BBITTOTHSI-
€TCsI Iy TEM TTO/Ia4uX COOTBETCTBYIOIIEH KOMAHIbI.

HART-ycTpoiicTBa Bceraa comep:kaT MUKPOKOHTpOJLIep (puc. 3)
¢ UART (yHuBepcallbHbII aCUHXPOHHBIN MPUEMOIIePEIaTINK) 1
[I3Y (mepemnporpaMMupyeMoe MOCTOSTHHOE 3arlOMUHAIOIIee
ycTpoiictBo). Llndposoii curnan, chopmMupoBaHHBIIT MUKPOKOH-
TpoJuiepoM, rpeodpaszyetcs B nmpuémoriepeaarunke UART B Hen-
PEPBIBHYIO TOCIEAOBATEIbHOCTh OUTOB, COCTOSIIIYIO U3 JABOWY-
HBIX CJIOB JUTHOI 11 6ut Kaxknoe (puc. 4 a). Kaxmnoe ciioBo Hauu-
HAaeTCsI CO CTAPTOBOTO OMTA (JIOTMYIECKUIT HOJIb), 32 KOTOPBIM Clie-
IyeT O6aliT TiepenaBaeMbIX JaHHBIX, 3aTeM OUT MapUTeTa U CTOIO-
Bblli OUT. ChopMUpoBaHHAs TaKMM OOpa3oM TIOCJIEIOBaTEIb-
HOCTb HyJIel M €AVHUIL TIepeAaéTcsl B MOAEM, BBITTOTHSIOIMINIA
yacToTHY10 MaHunyssiiyo (UYM). [MoaydeHHBII YaCTOTHO-MaHU -
MyJUPOBAaHHbBIN CUTHA MepenaaéTcsi B UHTepdeCHbIN OJOK It
(opMUPOBaHUST HAMPSIKEHUS, TTI0aBaeMOTO B IMHUIO CBSI3U (Ha-
IOMHUM, YTO OT KOHTpOJUIepa K JaTYMKy IMepeqaéTcsl CUTHAT B
¢opme HampsKeHUsI, a 00paTHO — B (hopMe ToKa).

Ha cropoHe paTymka curHan MPUHUMAETCSl U3 JIMHUA UHTEP-
deiicHbIM 0J10KOM, mpeobpasyercsi YM-MoneMoM B TOCIIeI0Ba-
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Puc. 3. MpoxoxpeHne aHanoroebix U LU(PPOBbLIX CUrHANOB Yepes
ycrpoictea ¢ HART-npoTtokonom

Tabnuya 2
3aBMCMMOCTb ANUHbI Ka6ens OT NOroHHOW EMKOCTU
1 2800 m 2000 m 1300 m 1000 m
5 2500 m 1800 m 1150 m 900 m
10 2100 m 1600 m 1000 m 750 m
15 1800 m 1400 m 900 m 700 m

TEJIbHOCTh OMTOB, 13 KOTOPOI MUKPOKOHTPOJIIEP BbIAC/ISIET OAThHI
JIaHHBIX U OUTHI TlapuTeTa. MUKPOKOHTPOJUIEP TTPOBEPSIET COOT-
BETCTBUE OUTA TapuTeTa TNepeJlaHHOMY OaiiTy JUIsl Kaskaoro Iepe-
JIAHHOTO CJIOBA, MOKA He OOHAPYKUT MPU3HAK KOHLIA COOOILEHMSI.

TTonyunB KOMaHIy, MUKPOKOHTPOJUIEP IMPUCTYTIACT K €€ BBITTOJI-
HeHuto. Eciu mpuiiia KoMaHaa 3arnpoca U3MEpPeHHbIX JTaHHBIX,
MUKPOKOHTpOJIIEp JaTtyrKa npuHumaeT uyepe3 AL curnan gat-
YyyKa, IpeodpasyeT ero B aHajoroByto hopMy ¢ nomoibio LIATT,
CYMMUPYET CO ClTy>KeOHOM nHpopMaleii Ha Beixogae YM-monema
U niepenaéT B IMHUIO CBSI3U B hopme Toka 4...20 MA (puc. 3).

Cetb Ha ocHoee HART-npotokona

OnucaHHbI 00MeH MH(POpMaIIeit MeXIy IBYyMsI YCTPOMCTBA-
MU (THUTIA «TOYKa—TOYKa») SIBIISIETCS] HAOOJIee TUITMIHBIM TIPU-
menenrieM HART-mipotokomna. OngHako HART-yctpoiictBa MOTyT
OBbITb 00ObEIMHEHBI B CETh. JIJIs1 3TOr0 UCTOIBL3YIOT TOJBKO LIU(PO-
Byto yactb HART-nporokona, 6e3 aHasiorosoit, a nuudbopmauus
nepenaércsi B popMe TOKa, YTO Mo3BoJsieT coeauHdaTb HART-
YCTpO¥CTBA TapajuieJlbHO. MaKcuMaTbHOe KOJIMYECTBO YCT-
pPOIICTB B CETM MOXET COCTAaBIISITH 15, eclii He WCITOJIb30BaTh
HART-noBroputenu (perpaHcistopbl, perutepbl). HART-ceTh
MOXET UMETh IPOU3BOJIbHYIO TOTIOTIOTUIO, TIOCKOJIBKY IPY MAJTBIX
ckopocTsax niepeqaun (1200 6ut/c) a(pdeKkToB, XapaKTepHBIX I
JUTMHHBIX JIMHWM, He BO3HUKAET. DTUM Xe OOBSICHSIOTCS KpaiftHe
HU3KKE TpeOOBaHUS K T0JIOCE TIpomycKaHus Kabens (2,5 kIir mo
ypoBHio —3 nb). Takoii mosoce COOTBETCTBYET MOCTOSTHHAST Bpe-
MEHU JIMHUU Tiepefadn 65 MKC, TO €CTh MPU COMPOTUBICHUU
JymHnn 250 OM e€ émKocTh MoKeT goctrurath 0,26 Mk®D, 94To cooT-
BETCTBYET JIJTMHE Kaberst oKoJio 2...3 KM (Taoit. 2).

B cetut MOTYT OBITH 1Ba BEMYIIIMX YCTPOICTBA, OMHUM U3 KOTO-
PBIX SIBJISIETCST KOHTPOJUIEP, BTOPBIM — PYYHOW KOMMYHUKATOD,
WICTIONB3YeMBIiA [UTSI CYUTHIBAHUS TIOKA3aHUI U YCTAHOBKY TTapa-
metpoB HART-ycrporictB. KoMMyHUKATOp MOXET OBbITh TIOA-
KITIOYEH B JTIOOOM MECTe CETH, HO OOBIYHO TOCTYITHBIMU SIBJISIIOT-
CsI TOJIBKO KJIEMMbI JaTYMKOB WM KOMMYTAlIMOHHBIE KJIEMMBI B
MOHTaXKHOM IIKady.

CeTb IOMYCKAaeT «Iopsiuylo» 3aMeHY WM T00aBJIEHHE HOBBIX
YCTPOMCTB (TO ecTh 0e3 OTKIIOYeHUs TuTaHus). B ciydae c6os,
HarmprMep TMPpU CIy4alilHOM KOPOTKOM 3aMbIKAHWU, CETh MTOBTO-
PSIET HEBBITIOJIHEHHBIE OTepaly OOMEHa.

B HART-cetu TOJTIbKO OITMH y3€JT MOXKET TTOChUIATh CUTHAI, B 3TO
BpeMsI OCTaJIbHBIE «CIIYIIAIOT» JIMHUIO. HUIIMMPYET MpoLexypy
oOMeHa Befylliee YCTPOUCTBO (KOHTPOJIIEP WU PYYHO KOMMYHU-
KaTop). BemoMeble moryyaroT KOMaHIy M TTOCBLIAOT OTBET Ha HEE.
Kaxmoe BemomMoe ycTpoicTBO MMEET MEePCOHATbHbBIN CETeBOI al-
pec, KOTOpbIii BKJIIOYAETCS B COOOILIEHME BEIYLIErO YCTPOWCTBA.
Anpec uMmeet JIMHY 4 6UTa (KOPOTKMIA anpec) uin 38 OUT (JUTMH-
HbII anpec). MIMeeTcst Takke BTOpOi criocod aapecaliud — ¢ 1o-
MOIBIO TETOB (MACHTU(UKATOPOB, HA3HAYaEeMBbIX TOJIb30BATE/IEM).

Kaxnas xomaHaa uam oTBeT Ha He€ Ha3bIBAIOTCSI COOOIIEHUEM
u umeroT LHy ot 10...12 Gaiit 1o 20...30 6aiit. CooblIeHre HaYN-
HaeTcsl ¢ IpeaMOy/ibl U 3aKaHYMBAETCsl KOHTPOJIbHOM CyMMOIt
(puc. 4 6). DeMeHTbI COOOIIEHHSI (CJIOBa) TIEPEYMCICHbI B Ta0I. 3.
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Tabuya 3
3HayeHus cnos B HART-coo6ueHnu

CuHxpoHu3auus
PA Mpeambyna | 5...20 .
[ PATSD[AD] CDJ BC | ST | DT(0..256aiir) [ CHK] u 0GHapyxeHme Hecyuelt
0 D Mpu3Hak 1 YkasblBaeT popMmar coolLeHus
cTapta U NCTOYHUK COOBLLEHUs
Puc. 4. CtpykTypa cnosa (a) u coobwenus (6) 8 HART-npotokone AD Ampec 1 6ant Yka3blBaeT afpeca 0601x
AP unu 38 6ut YCTPOWNCTB
. CoobLWaer nof4YMHEHHOMY,
[MpeamGyra MpencTaBiIsieT co60ii MOCTeI0BATEIEHOCTD SHUII @ Komanpa | 1 . H';J')KHO - npé GBI g
¥ TIpeJHa3Ha4YeHa [UTsl CHHXPOHM3ALMKY MPUEMHYKA ¢ TIepeJaTin- BC Konuuectso | 4 loka3biBaeT KONNYECTBO
6aitToB 6aittoB mexay BC n CHK

KoM. [InrHa mpeaMOyJibl 3aBUCUT OT TPeOOBaHUI BEIOMOTO YCT-
poiictBa. Korma Bemyiiiee ycTpoOiCTBO BBITIONHSIET OOMEH C Belo-
MBIM TIEPBBIN pa3, OHO MOChITAET MAaKCUMAILHO JUTMHHYIO TIpeaM-
OyJty, 4TOOBI 0OECTIeUUTh HANEXHYI0 CUHXpOHM3aluio. B orBete
BEZIOMOTO COIEPKUTCS TPeOOBaHME K [UTHE peaMOyJTbl. DTa -
Ha COXpaHsIETCsI B TTAMSITH BEIYIIIETO YCTPOICTBA 1 NCTIOL3YeTCsI B
Tocyenyonmx coobiieHusx. [10CKONIbKy pasinyHble BeIOMble
MOTYT UMETh pa3INyHble TPeOOBaHUs K IpeaMOysiaM, BemylIuit
dopMupyeT B CBOeii maMsTH Tabiauiry IpeamOysa. B Hacrosiiee
BpeMsI Bce HOBBIE YCTPOICTBA UMEIOT TTpeaMOyJTy [IUTMHOM S GailT.

Bemomoe ycTpoiicTBO MOXET OBITh 3aIIUIIEHO OT 3alllCH,
OOBIYHO 3TO BBITIOTHSIETCST C TIOMOIIIBIO TIePEKITIoUaTesT Ha TiiaTe.

KoHTposbHast cymma UCIob3yeTcs 111 OOHApYKEeHUST OLLIMOOK
B naHHbIX. Eciu ommbka oOHapyxeHa, OObIYHO BBIMOJIHSETCS
TOBTOPHBIII OOMEH COOOIIEHUSIMU.

Bemomoe ycTpoiicTBO MOXKET MMETh PEeKUM YCKOPEHHOU Tiepe-
nmaun (burst mode), TP KOTOPOM OHO TIEPUOINYECKH TTOChIIAaeT
OTBET Ha paHee MPUHSTYIO0 KOMaH/Iy, XOTs BeAyIIUil He TTOChUIaeT
e€ MOBTOPHO. DTO CAENaHO ISl YBEJIMICHUST YaCTOTHI TIOTYUeHUs
3HAYEHUI U3MepsieMOl BeIMIMHBI OT aatyuka (110 3...4 pa3 B ce-
KyHmy [15]) B caydae HeoOxomuMocTH. TOJIBKO OIHO YCTPOMCTBO
MOXET HaXOMUTBCS B TAKOM PexKrMe (ero eiié Ha3bIBaloT MOHO-

0, ec Beayuuil Coobuaer 06 owmnbdKax

ST Cratyc +| 06MeHa AaHHbIMM
2, €C/M BefoMbIA 1 COCTOSIHUM YCTPOIACTBA
AprymeHT, COOTBETCTBYIOLL
DT f
NaHHblE 0...25 Komange CD

KoHTponbHas 1

CHK 06HapyeHue ownboK

cymma

MOJILHBIM), TIOCKOJIBKY JIMHUS TIepelaadyd OKa3bIBaeTCsl 3aHsTa.
[Nocne BBIKITIOYEHUSI M TIOBTOPHOTO BKJTIOUCHUS TIUTAHUS BEIO-
MOE€ YCTPOMCTBO OCTaETCSI B MOHOTIOJILHOM PEKMMeE, U TIePEBECTH
€ro B OOBIYHBIN PEKUM MOXKHO TOJIBKO KOMaHAAMHU C HOMEpaMH
107, 108, 109, koTOpbIe MOCHLIAIOT B May3aX MeXKITy Tepruoandec-
KMMU OTBETaMU BEIOMOTO YCTPOKMCTBA.

Cetb Ha ocHOoBe HART-mpoToKoia MOXKET MOAKIIOYAThCS K
npyrum cetsim (Modbus, PROFIBUS, Ethernet) ¢ momoriisio co-
OTBETCTBYIOIIMX IIUTFO30B. B ceTn Takske IMIMPOKO MCTOIB3YIOTCS
MYJIBTUTUIEKCOPBI, TTO3BOJISIIOIINME TTOAKITIOYUTh K OJHOMY KOHT-
posnepy Heckosibko HART-ceteit 1 0o1HOBpeMEHHO BBITTOJIHUTD
poab nnmo3a. s nogkmoyenust cety ui HART-ycTpoiicTBa K
KOMIIbloTepY HeoOxoauM cnenmanbHblii HART-uHTepdeiic, Ko-
TOPBII BBIITYCKAETCS PsIOM Ipou3BoauTeneit. I[lporpamMMmHbIi
noctyn SCADA kx HART-ycTpoiictBaM BBINOJIHSAETCS € T10-
moiipio HART OPC-cepBepa.
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Appecauus

Kaxnoe HART-ycTpolicTBO TOJKHO UMETh YHUKAIbHBIN aji-
pec. [Nockimaemble BeayIM YCTPONCTBOM afpeca JIeKOIUPYIOTCS
OIHOBPEMEHHO BCEMM YCTPOMCTBAMU, HAXONSIIUMUCS B CCTH.
OmHaKo OTBEYaeT TOJBLKO TO YCTPOMCTBO, Ueii aapec COBITAmacT C
TIPUHSATHIM.

Merton anpecaiiuu B HART-nipotokosie conepXuT HECKOIbKO
MOTEHUINATBHBIX TTpo6ieM. CTaHIapTOM MPEAYCMOTPEHO JBa BUIa
aJipecoB: KOPOTKUI (JUTMHOM 4 OUT) 1 IIMHHBIN (ITMHOI 38 OUT).
B Hacrosiiiee BpemMst MCIOJIB3YyeTCSI KOMOMHALIMSI KOPOTKOTO U
JIJTMHHOTO aapecoB. [IIMHHBIN aapec yCTaHABIMBACTCS M3TOTO-
ButesnieM HART-ycTpoiicTBa 1 He MOXKET ObITh U3BMEHEH T10JIb30-
BaTeJIeM.

Korma HOBOe YCTpOMCTBO TOIKITIOYEHO K CETH, BO3HUKACT
mpobJieMa, KakK Y3HaTh ero JUIMHHBIN afpec, ITOCKOJIBKY JIJIS TOTO
4yTo0Obl cuntath U3 namsaTu HART-ycTpoiicTBa ero agpec, Kk Hemy
HaJo CHavayia O0paTUThCs, a OOpallleHUe yKe TpeOyeT 3HaHUS all-
peca. [1epebpath Bee anpeca HEBO3MOXKHO, TaK KaK MX O4eHb MHO-
ro (238). INpobGiema peraeTcst IpUMEHEHEM KOMaHIbI C HOMe-
pom 0, KoTopast MCTTOJIb3YeT KOPOTKUI ajipec ISl oOpalieHus K
YCTPOWCTBY M TIO3BOJISIET CYMTATh U3 HETO IJTMHHBIN afapec.

OOBIYHO TIepel MOHTAKOM CETH CHaJala CYMTHIBAIOT TTMHHBIC
ajpeca BCceX YCTPOMCTB M COCTABIISIIOT X 0a3y TaHHBIX, U TOJIBKO
ITOCJIC 3TOTO CTPOSIT CETh.

Cyl1iecTByeT BTOPOI CIOCcO0 Y3HATh [UIMHHBIM aIpec YCTpOii-
CTBa — C MOMOIIIBIO KOMaH/Ibl ¢ HOMepoM 11, KoTopast obpaliaer-
¢sl K YCTPOMCTBaM He T10 ajipecy, a o uMeHu Tera. OHa IprUMeHsI-
€TCs1, €CJIA B ceTU 0oJiee 15 yCTpoiicTB (3TO BOBMOKHO 3a CUET UC-
MOJIb30BaHMSI TIOBTOPUTEIIEI) MU €CJT YCTPOMCTBaM He TPHCBO-
€HbI KOPOTKHE afpeca.

JmuHHbIN anpec dhopmupyetcs: u3 40-OMTOBOrO YHMKaJIbHOTO
uneHtugukaropa HART-ycrpoiictBa (puc. 5) myrém otopachiBa-
HUSI AIBYX cTapinux ouToB. [TosTomy ampec monydaercst 38-0uTo-
BbIM. YHUKabHbIN uaeHTugukarop HART-ycTpoiicTBa cocrout
u3 uneHtudukatopa usroroputess (ID-usrotoButens), Koga TH-
na HART-ycTpoiicTBa 1 cepuitHOro Homepa, KOTOpbIii 3aHUMAET
3 Gaiira.

Cnenytomast mpooiema HART-nporokosa cBsizaHa ¢ TeM, 4TO
uneHtugukatop (ID) usrorosurens (puc. 5) uMeeT IIMHY BCEro
8 OUT, TO €CTb C €ro ITOMOILBIO MOXXHO OJTHO3HAYHO UAESHTUMULI -
PpOBaTh TOJIBKO 256 U3rOTOBUTEE, YTO CIIUIIIKOM Maio. [Toatomy
IJIS1 UIEHTU(UKALIMM U3TOTOBUTENST UCIIONB3YeTCsl TakKe 4acTh
MOJIsI CEpUITHOTO HOMeEpa.

Ewi€ oqHa npobGiema aapecaly cBsi3aHa ¢ TeM, 4TO ISl IOy~
YEeHUSI JUIMHHOTO ajipeca UCITOJIb3YIOTCS TOJIbKO 6 OUT U3 MICHTH-
¢uKaTopa U3roToBUTEJIS. DTO O3HAYAET, UTO YEThIPE YCTPOICTBA C
Pa3HbIMU YHUKAJIbHBIMU UACHTU(DUKATOPAMU MOTYT UMETh OUH
U TOT XKe JUTMHHBIN anpec. JIst ycTpaHeHMsT 3TOM MpoOJIeMbl Cxe-
My aJpecaliii BbIMYCKAEMbIX YCTPOMCTB KaXKIblil U3rOTOBUTEb
JIOJDKEH coriiacoBbiBaTh ¢ opranu3ainmeii HCE

Kopotkuii agpec nmeer enie oaHO Ha3HAUYEHUE: C €r0 IIOMOIIBIO
OTKJTIOYAIOT BO3MOXKHOCTh ucrosib3oBaHusl B HART-curnane
aHAJIOTOBOI KOMITOHEHTBI, YTO HEOOXOAMMO IS OObEAMHEHUS
HeCKOJIbKMX ycTpoiictB B cetb. IlepeBon HART-ycTpoiicTBa B
9TOT PEXUM HasbIBaeTCsl MapKOBKOH (parking) W BBIMOTHSETCS
MYTEM YCTAaHOBJICHUSI 3HAYEHMST KOPOTKOTO afpeca paBHbIM 1...15.

Komangbi HART

HART-komaHabl ObIBAIOT TPEX TUIIOB: YHUBEpPCATbHBIE, 00-
LIETIPUHATBIE U crieurdUYecKre. YHUBEPCAIbHbIE U OOLIENPU-
HSThle KOMaH/Ibl yCTaHaBIUBalTCA ctaHaapToM Ha HART-npo-
TOKOJI U BBIMIOJIHSIIOT YTEHUE U 3allUCh CEPUIHOTO HOMEpa yCT-

ID Tun

I Cepuittbin
W3roTOBUTENs  YCTPOACTBA

CepunitHbIii
Homep, MSB

CepunitHblii
Homep, 2SB

Homep, LSB

Puc. 5. CTpykTypa yHuKanbHoro ugeHtudukaropa HART-ycTpoiicTea

pOIiCTBa, Tera, MECKPUIITOpa, HaThl, paboueil obIacTu MamsITH,
HOMepa BepCUU YCTPOMCTBA U T.II. DT TTapaMeTPhl U3MEHSIOTCS
penxo u moatomy xpansitcst B [I13Y.

Crienudrueckrie KOMaHIbI CO3MAIOTCST U3TOTOBUTEIEM KOHK-
PETHOTO YCTPOWCTBA M MOTYT UMETh UACHTU(DUKAIIMOHHBIE HOME-
pa ot 128 1o 253. [ToaToMy oHU U Te XKe (DYHKIIUU Y pa3HbIX TTPO-
W3BOIUTENIeN MOTYT UMETh pa3inuHble HoMepa. KomaHna ¢ Home-
poM 255 He MCToJb3yeTCsl, YTOOBI €€ MOXKHO ObUIO OTIMUUTH OT
mpeaMOyITbl (OHA COCTOWUT W3 TTOCIIENOBATEIBHOCTH JIOTMIECKUX
equHni). Komanoa ¢ Homepowm 254 3ape3epBUpoBaHa.

[MpuBenémM npuMepsI yHUBepCanbHbIX KOMAHO.

CuauTtaTh UM U3TOTOBUTEIISI U TUIT YCTPOWCTBA; CUUTATD TTepe-
MEHHYIO Y eUHUILy U3MEPEHUST, YNTATh TIEPEMEHHYIO KaK BeJN-
YMHY TOKA W B MPOIIEHTAX OT MUara3oHa; CYMTaTh WIN 3aIcaTh
8-CMBOJIBHBIT TeT, 16-CUMBOJIBHBIN JECKPUTITOP U JaTy; CYMTATh
WM 3anucath 32-CUMBOJIBHOE COOOIIEHUE; CUMTaTh AUara3oH
3HAUEHUI TIEPEeMEHHOU Y eIUHUILy U3MEPEHUST; CIUTATh WIN 3a-
M1caTh CEPUITHBIN HOMEP YCTPOICTBA; 3aIMCaTh TET, ONucaTeNlb U
JaTy; 3anycaTh aipec yCTPOICTRa.

[lpumepnt obuwenpuHamvix KOMaro.

CuuraTh YeTblpe TMHAMUYECKUE TIepeMEeHHBIE; 3aMucaTh Moc-
TOSTHHYIO IeMTI(DUPOBAHUST; 3aITMCaTh AUAMA30H U3MEPEeHUsT; Ka-
MOpPOBaTh; 3a1aTh (PUKCUPOBAHHOE 3HAYEHUE BBHIXOJHOTO TOKA;
BBITIOJTHUTH CAMOAMATHOCTUKY; BBIMOIHUTH COPOC; HACTPOUTH
HOJIb; 3aMycaTh eAUHULIBI U3MEPEHUST; HACTPOUTDh HOJIb U KOA(D-
¢unmeHT nepenaun ALLIT; 3anmmcath GyHKIIMIO MpeoOpa3oBaHus;
3anucaTh CEpUUHBIA HOMEP CEHCOpaA.

[lpumepnt cneyughuueckux KomMauo.

3armmcarb ycraBky [T ]1-perynstopa; Bkaouuts [T J1-perymsi-
TOp; CYMTATh WM 3alucaTh KaaTuOpPOBOUHbIE KOI(DOUIIMEHTHI;
TOICTPOUTH CEHCOP; YCTAHOBUTH MO3ULINIO KJIATNlaHa.

fA3bik onucaHus ycrpoiicre DDL

HART-ycTpoiicTBO MOXET UMETh YHUKAJIbHbIIA HA00OP KOMaH/I,
YCTaHABJIMBAEMbIX U3TOTOBUTEJIEM, WU CIIELIM(UYECKYIO MOCTe-
JI0BaTeJIbHOCTh KOMaH[l, HEOOXOAUMBIX, HATIPUMED, IS BBIOJI-
HEeHUs MNpoLEeaypbl KamtuOpoBkU. Bemylee ycTpoicTBO JOIKHO
3HATh 9TW KOMaHbl. OIMH 13 BO3MOXHBIX BAPUAHTOB TIepeaadn
OINKMCAHUS KOMAaHI OT M3rOTOBUTENSI TOJIb30BATENI0 — C IO-
MOIIIbIO TEKCTOBOTO OIMMCAHMSI B PYKOBOJICTBE 110 IKCILUTyaTallN.
Jpyrum myTéM SIBJISIETCS OTTMCAHKE YCTPOUCTBA C TIOMOIIIBIO CITe-
1IMaJIbHOTO sI3blKa onucaHusi ycrpoilctB — Device Description
Language (DDL), KOTOpbIi1 paciipOCTpaHSIETCS U ITOAICPKIBACT-
cs1 opranmszauneiit HCE

Onmcanue ycTpoiicTBa Ha si3bike DDL mpencraBisier coboit
TEKCTOBBII (haiisl, KOTOPBIF MOXKET OBITh TIPOYNTAH KOMITHIISITO-
pOM sI3bIKa U TIpeo0pa3oBaH B ABOMIHBIN (hOpMAT, BOCTIPUHUMAE-
wmblii BemymmM HART-ycrpoiictBoM. OnmcaHue ycTpouicTBa MO-
KT OBITh MPENCTABIeHO KOMIWISITOPOM B (hopme, yIOOHOM st
cuctemHoro uHrerpatopa. [lpumenenue DDL yctpaHsieT HeoOXo-
JNIMMOCTb HamrcaHus kona s ooieHus ¢ HART-ycrpoiictBamu.

SAspik DDL nonnepxuBaercss HE BCEMU MPOU3BOAUTEISIMUA U
TI0Ka He TIOTYYWJI TOCTAaTOYHO IIMPOKOTO PACTIPOCTPAHEHMSI.

Tpanuimonusiii HART-npoTokos1 UCTIOJIB3YeTCsI COBMECTHO C
TOKOBOI e éii 4...20 MA. OmHaKO B HEKOTOPBIX TIPUIIOKESHUSIX,
IJIe OTCYTCTBYET TOKOBAsl METJISl, MOXHO HCIOJIb30BaTh TOJIBKO
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B SANMNCHYIO KHMUXKY MHXEHEPA

nporpaMMHyto coctapistionryto HART-npoTtokona coBMecTHO ¢
IPYTUMU MeTOIaMU pean3aiy (GU3NIecKOTo KaHajla CBSI3U.
Harpumep, u3 puc. 3 MOXHO YIaJIUTh BCe aHATOTOBbIE OJIOKU U
noaxmounth K UART mpeobpazoBarens nHtepdeiica RS-485.
Ipu aTOM cBoticTBa KaHaIa CBsI3U Ha 1-M ypoBHe Mozaenu OSI 6y-
YT COOTBETCTBOBaTh MHTepdeiicy RS-485, a mpoTokon — cran-
napty HART.

CylecTByeT TakKKe BO3MOXHOCTH Tiepenayn curHama HART
10 BBIZEJEHHON Tele(OHHOU JMHWUM, YTO CBS3aHO C COOTBET-
cTBueM Mertona vactoTHoil momymsuun B HART-mporokomne
aMepUKAHCKOMY CTaHIapTy st TeneoHHbIX TuHUiT BELL 202.
15t 9TOTO MCTIONB3YeTcsT mepenavya CUTHaIA TOJMbKO B opme
HAMNPSDKEHMS TIPY OTKITIOYEHHOM TIepeaTInKe TOKOBOU TIETIN
4...20 MA.

HART-npoTokos (KaK 1 apyrue MpOTOKOJIBI) MOXKET UCIIOb-
30BaThCs I CBA3U uepe3 onToBoiokHO (Fiber Optic HART) mm
pamrokanan (Wireless HART).

OTHOCUTENTFHO HEaBHO ObLIa yTBepXIeHa ouepenHas (Iec-
tast) Bepcusts HART-miporokona (HART 6.0). B e€ ocHoBe jiexur
KorepeHTHas1 (pa3oBasi MoIyssiiys ¢ 8 Toukamu (¢pazamu). D10
MO3BOJISIET TIepeiaBaTh JaHHbIE co cKopocThio 9600 6ut/c. Bep-
cust HART 6.0 o6patHO coBMecTrMa ¢ Bepcueii 5.0, B TOM 4uciie
C TOKOBOI1 meTéi 4...20 MA.
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- TemneparypHasi KOMneHcauus
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» OTCYTCTBME MEXAHWNYECKMX PEryMpoBOK
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» [Inana3oH namepeHus +500 mMkv/m

» PagpewieHne 1 Mkm/m

» HenmHeiHocTb +0,5% 0T NOMHOW LWKanbl

» MOHTaX C NOMOLLbKO BUHTOB UK Kest

« CTeneHb 3awuTbl IP54

« [lnana3oH Temnepatyp akcnnyatauuu —40...+85°C
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