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MPENCJIOBHE

IIpoToxon HART® - 510 craBumii B Haum aum CTaHIAPTOM Jie-
dakTo TIpoTOKON OOMeHa UHGopManMEH ¢ HHTEIUIEKTYaJbHBIMH
CPEICTBAMH H3MCPEHMS NPOMBIUUIEHHOrO HasHaueHWs. AKpoHHM HART
obpasoBan u3 cioB "Highway Addressable Remote Transducer", uro na
PYCCKMIA MO)KHO TIEpeBeCTH Kak "YHAJIeHHBIH Tpeobpa3zoBaTteis,
afpecyeMsblii uepe3 OCHOBHOW KaHal mepenad AaHHpIX". [1ox OCHOBHBIM
KaHAlOM Tiepel]ayu TOHWMAeTCs TPAJULMOHHBIN aHATOTOBBIH KaHA
nepeaaud MHGOpMALMH, HAlpUMep, OPraHU3YeMblii € T[OMOLIBIO
HEIPEPBIBHOTO TOKOBOTO CHUTHAJIa B CTAHAAPTHOM jauana3oHe 4-20 MA.
Anpecatiuss ¥ oOMeH cnyxeOHOM uH(pOpMalMeH mNpOU3BOIATCA C
MOMOILBI0 LMGPOBBIX CHIHAJIOB, KOTOPbIE IEPECHUIAIOTCS O TOMY K€
OCHOBHOMY KaHaJly TIIepeflaudl Hapsly C aHaJOrOBbIM CHIHAJIOM.
Crneunduxamnss HART-npotokona omnpenensier  Qusnyeckyio  dopmy
niepenayH, npoLenypsl 0OMeHa, CTPYKTYpPy cooO1ueHHs, GopMaThl JaHHBIX
U Habop komaHA. Pa3paboTuuky, OMHAKO, MPETOCTaBIAETCS HEKOTOpas
cB00O/a Ui OTpeAcCHUs KaKuX-THOO OCOOBIX KOMaH, CrierM(HIHBIX
JULs pa3pabaThIBa€MOro HOBOTO YCTPOHCTBA, €CIIH 3TO HEOOXO0AUMO.

Hznavanmsao HART-nipotokos 0611 pazpaboran dupmoii Rosemount
Inc. Ho 3arem, ¢ Ienbl0 TOMICPKKHA TNPOABIKEHHS HA PHIHOK
HHTEIUICKTYaIbHbIX TPOMBILIIEHHbIX MPHOOPOB ¢ LHGPOBBIM OOMEHOM
uHdopmaimed, 3Ta ¢upMmMa nepenasa BCe TIpaBa HA NPOTOKOA Tak
HazbiBaeMoMy DoHay HART-xommynukammii (HART Communication
Foundation). Cefiuvac ucmons3oBanne HART-npotokona cBoboaHo s
Bcex. Bce Oonbmiee KOMMYecTBO  TIPOM3BOAMTENEH TPHOOPHOrO
000py10BaHHSA NIpeIaraeT NPOAYKIHIO C €r0 HCTIOJIB30BAHUEM.

O10 nocobue 3HaKOMUT uuTaressi ¢ ocHoBamMu HART-mpotokona
U HEKOTOPbIMH TEXHHUYECKUMHM NCTAJIAMHU €ro peastn3anui. OHO IOMOMKET
TNIOHATE OCHOBHBIE OCOGEHHOCTH, TIPEUMYIIECTBA H BO3MOKHOCTH 3TOTO
nporokosa. HedopMasibHOe paccMOTpeHHE OOJBIIMHCTBA BOTIPOCOB 37IECH
TAK)KE MOMOXKET YHTATEINO ObICTPO pa300paThes B MOMHOH criel(HKan

[IPOTOKONIA, KOTOPbIA TEPUOTUYECKH COBEPUICHCTBYETCH, H 3TO
006s13bIBaeT pa3pabOTIUKOB TPHOOPOB H CHCTEM CJICAWTDH 3@ €r0 HOBBHIMH
BEPCHAMH. Opnako 3Ty Opoumnopy HeNb3s paccMaTpUBaTh Kak

3aMEHHUTeNb TOJHOW crnemMduKanuyd NMPOTOKONA. 3AeCh HE COAepKaTcs
abCOMOTHO  BCE TEXHHYECKHE MOAPOOHOCTH, TOITOMY 3TO TOCOOHE
HEIb3d paccMaTpuBaTh Kak €IHHOE M KOHEYHOEC PYKOBOICTBO.
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Ecnu Brr paspabartsiBaecte HART-coBMecTHMBIH MpeoOpa3oBaTesib HIH
cucteMy, Bam o06s3arenbHO TOHAJOOMTCA CBEXas BEPCHA MMOJHOM
cnetmuraimn HART-npoTokona.

Bes Texmmueckas uH(bOpMalys, BOUISAIIas B IocoOHe, B3ATa ¢
Hutepuer-caiitoB ¢upm-npoussoauteneii HART-yctpoiicts 1 Ponpa
HART-KOMMYHHKAIUH, a TaKke M3 TeXHH4eckoro ob3opa: R. Bowden
HART - Field communications protocol: A Technical Overvew v
edition). — Fisher-Rosemount Ltd. - 1999.

DTy KHHTY JIy4UIC YATATh TOCIEAOBATENBHO, T.K. HOBBIC MOHATHA
BBOJIATCA N0 MEPE M3JIOKEHHs., BHauale Bce OOBACHAETCS HA MPOCTOM
yPOBHE, 3aTeM pacCcMaTpHBaroTCs HoapobHocTH. Pasjensl no Bcem Temam
HAMEPEHHO CelaHbl  KOPOTKMMH, 4YTOOBI KHHMrod MOXHO ObLIO
MOJb30BAThCS KAK CIIPABOUHHKOM.

I'maBa 1 coaepkuT OOBACHEHHE TMOHATHH HHTEJUIEKTYATBHBIX
npu6opos 1 HART-npoTokona. B riase 2 onucaHbl (GH3HYECKHE OCHOBBI
HART-NpoTOKO/Ia M Cpeaa Mepejaddl CHrHaia, B IjaBe 3 - MPOLEyPbl
obmena HH(pOpMAIIHEH, a TaKKe KOTUPOBKA CUMBOJIOB H JIPYTHX JaHHBIX,
B maBe 4 - KOMauabl yIpaBjieHus ycTpoiicTBamH. ['nmaBa 5 3HaKOMHT
YUTaTENs C OCHOBAaMH fA3bika omucaHus yctpolicts - DDL (Device
Description Language), KOTOpbIH ABISETCA BDKHBIM  CPE/ICTBOM
obecrieyeHHs COBMECTUMOCTH YCTPOHCTB.



I'naBa 1. UHTennexkTyasibHble yerpoiicrsa 1 HART-npoToko.

1.1. Beenenne

B oT0ii rmaBe uMTatens OyaeT O3HAKOMJIEH C  OCHOBHBIMH
MPHHIMNAMH  LH(POBBIX KOMMYHHKALHKA 118 pabOThl C IOJEBBIMH
YCTPOHCTBaMH, TaKAMH KaK CEMEHCTBO HHTEIUIEKTYaJIbHBIX TPUOOPOB
Fisher-Rosemount. Tlom moneBbiMM  ycTpoiicTBaMH  (aTUMKAMH,
npeobpa3oBaTensiMi, TPUOOPAMH, HCMOJHHTENLHBIMH  MEXAHU3MAMH,
KOHTPOJICpaMK) TIOHMMAIOT  YCTPOMCTBA, yJaleHHblE OT LEHTpa
yOpaBJjieHHs (OINEPaTOPCKOM, JHUCHETYEPCKOi), ¢ KOTOPhIM OHM CBS3AHbI
MHPOPMALIHOHHbIMK KaHAIAMH.

1.2. O TepmuHe "HHTEIEKTYAILHDbII "

TepmMun  "HHTEIUIEKTyaNbHBIH" 1O OTHOLIEHHIO K  IIOJIEBBIM
YCTpPOHCTBaM YNOTPEDJIAETCA B TOM CMBICHE, YTO OHM 00JaJal0T HEKHM
"HHTEJIEKTOM", XOTS HA CAaMOM JIeNie Yallle BCETO PeYh HJET MPOCTO O
CMOCOOHOCTH TAaKHMX YCTPOHCTB IEpecTpauBaTh CBOM MApaMETphl WM
aJITOPUTM CBOEH pabOThI H BBINOIHATE P JAOTNONHHTENBHBIX GYHKIMH 110
KOMaHJIE C BHEIIHETO YCTPOHCTBA MM QJAlTHBHO B COOTBETCTBHH C
MCHAIOLUMMHUCA  YCJIOBUAMH, (DAKTHYECKH ceHuYac HHTEIEKTYAJIbHbIM
Ha3bIBAIOT  J000€  YCTPOHCTBO, MMEIoUlee B CBOEM  COCTAaBE
MHKkpompolieccop. Takum 00pa3oM, TepMuHBI "aBTOMAaTHUECKHA"
"aBTOMATU3HPOBaHHBIN", "KOMIBIOTEPH30BaHHLIH", "aJanTHBHBI"  BO
MHOTHX CJly4asX MOTJH Obl OKa3aThCsi 60Jiee y1a4HbIMH TPHMEHUTETBHO K
TAKHUM YCTPOMCTBAM.

C npyro#i cropoHsl, OypHOE pa3BUTHE OTpaciel KHOEPHETHKH,
OOBEKTOM W3y4YCHHS KOTOPBIX SIBIISETCH MCKYCCTBEHHbBI MHTEIIEKT
(cHCTeMBl Ha OCHOBE HEYETKOM JIOTUKH, HCKY CCTBEHHBIE HEHPOHHBIE CETH,
TEOPHs pacCrno3HaBaHHs 00pa3oB, TEOPHS MPHHATHS PEINEHHH M T.J.),
OPUBETI0 K  CO3A2HHI0O  COOTBETCTBYHOUIMX  H3MEPHTENBHBIX M
KOHTPOJMPYIOUIMX YCTPOHCTB, KOTOphIe 4acTo 0003HAYAIOTCS TEM Ke
TEPMHUHOM - "HHTEJUIEKTyanbHbIe". [IpUueM B mocsienHem ciydae 3TOT
TCPMHH TOpPa3Jl0 TOYHEE OTPAKAET CylIECTBO €, TaK Kak YCTPOMCTBA
HMHTHPYIOT B TOH HH HHOH CTENeHU QYHKIHOHHPOBAHUE YEI0BEIECKOTO
MO3ra, T.€. 4YEIT0BeYCCKHMH HHTEIUIEKT.

OnHako CIOXHMBIIMECS TPaaMUMH TPYAHO HM3MEHHTh, W B
PYCCKOSA3BIYHOM Hay4YHO-TEXHUUECKOMH JUTEpaType TEPMHUH
"HHTE/UIEK Ty alIbHbIE" YKPENMJICA W 332 BCEMH JIHCTAHIHOHHO
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YIOPaBISEMbIMH W aBTOMATUYECKMMH TIONEBBIMH  YCTPOWCTBAMH ¢
pacIIUpeHHbIME (HYHKIIMOHANBHBIMHA BO3MOXHOCTAMH. [lo3TOMY naiee u
MBI OyzieMm, crefys TPaguiyH, TaKKe ynoTpednsTs 5TO CIOBO, NMpHUYEM
Jaxke Oe3 KaBblYEK, NMOHHMAsA, YTO 3a J3THM CTOMT. J[Js CBEACHHS: B
AHIJIOS3bIYHBIX HUCTOYHHKAX B OTHOIICHHH PACCMATPHBAEMBIX B JIAHHOM
nocOOHH YCTPOHCTB B MOCNEAHEE BPEMs BCE Hallle YIOTPEOIAIOT TEPMHH
"smart", u3berasi repmuna "intelligent".

Hrak, uHTe/UIeKTyallbHblE  [OJICBHIE  YCTPOHCTBA  HMEIOT
pacIIMpeHHble  (YHKUMOHAJIBHBIE BO3MOXHOCTH TIO CPaBHEHHIO ¢
OecrpoLIECCOPHBIMA  YCTPOMCTBAMH TOTO Jke Ha3HauyeHus. Hanpumep,
HMHTEIIEKTYalbHBI MpeoOpa3oBaTeslb MOXET HWMETh TIOBBIIICHHYIO
TOYHOCTh 33 cYeT LHQPOBBIX Mpeodpa3oBaHmil, KOMIIEHCHPYIOUX
HEJIMHEHHOCTh 4yBCTBHMTEJBHOTO 3JEMEHTAa MM €r0 TEMTICPATYPHYIO
3aBHCUMOCTB; OH MOXeT paboTaTh ¢ OONBIIHM KOJUYECTBOM Pa3HBIX
THIIOB JIATYMKOB, aBTOMATHYECKA MJIM TI0 KOMaHJE TMOJCTPAWBasi CBOM
XapaKTEPUCTUKH MPeoOpa3oBaHMsA MOA KaKIB M3  HHX; TaKoM
npeobpa3oBaTesib MOXET MMETh aBTOMATHYECKHWd BbIOOp Tipenena
U3MEpEHHs, aJanTHPOBAaTh anroputM 00pabOTKM JaHHBIX TOJ
MEHSIOIIUECS BHEIIHUE YCJIOBHS, BBHIMOJIHATh TONYyaBTOMATHYECKYIO
KaJTMOPOBKY. YacTo B HMHTEUIEKTyalbHbIX YyCTpocTBax ObiBaeT
peanu3oBaHa MpoleAypa CaMOAHWATHOCTHKH, YTO obrerdaer wx
skcutyataimo. OcoOeHHO JPPEKTHBHBI TO CPABHEHHIO C OOLIYHBIMH
WHTENIECKTYaIbHbIE HM3MEPHUTENbHbIE NPEo0pa3oBaTENM, PpEATH3YIOLIHE
COBOKYTIHBIE MITH COBMECTHBIE M3MEPEHHSI.

[IpumMeHeHHE MHTENNEKTYalIbHBIX TIONEBBIX YCTPONCTB MO3BOSET
CHM3HTE TpPeDOBaHMS K LCHTPAILHLIM YTIPABNSIONIAM KOMIIBIOTEpPAM, a
TAKKE COKPATUTh HOMEHKJIATYPY OAHOPOMHBIX TIONEBBIX MPHOOPOB 1O
OJHOH MOAENHM, YTO, HECOMHEHHO, UMEET NMONOKHTENRHEIN 3 dekT npu
MPOECKTHPOBAHUK H [TPOHU3BOJICTBE.

1.3. Konduryparopbi

Hdis  obecrieyeHusi OIMCAHHOW BhIlIE CBEPX(DYHKIMOHATIBHOCTH
HHTEJUIEKTYaJbHble yCTPOHCTBA MOTYT CHaOXAaThCs TaK HA3BIBAEMBIMH
KOH(UTypaTopaMu - TIOPTAaTUBHBIMH YCTPOHCTBAMH C KJABHATYPOH H
OUCIUIEEM, MOMKJIOYEHUE KOTOPBIX K KOMMYHHKAallMOHHOM — JIMHUH
IIO3BOJISAET MOJb30BATEN0 KOHTPOJIMPOBATh U HACTPaMBATh DPa3jIMUHbIE
ycrpoiictBa ¢ HART-mpotokonoM. KoHHTypaTopbl 10BOJBEHO TOPOTH, H
HX UCIIOJIB30BAaHUE ONPABIAHO JIHINbL B JOCTATOYHO CJIOXKHBIX CHCTEMaX. B
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OTHOCHUTCIIBHO NPOCTBIX CUCTEMAX YTIPABJIIEHHE MOXET OCYHICCTBIATECA €
CUCTEMHOI'0 KOMIBIOTEPA.

1.4. udpposoii o6meH

JUist TOoro, 4ToObl BO3MOXHO OBII0 pa3HOCHTH TTOJIEBOE YCTPOHCTBO |
KOHQHUTypaTop Ha OOJbIIHE PACCTOSHUA, JNOTWYHO ObUTO BHIOpaTE B
KauecTBe  cpenctBa  oOMeHa — uHQOpMauMEH ~— MEXAy — HHMH
nocen0BaTeNbHbIH 1H(poBoH koa. CleAyIOIMMM JIOTHYHBIM AaroM ObL1
BbIOOp B KauecTBe (M3NUECKOro KaHayla 0OMEHa IBYXNPOBOIHON THHHUH,
KaKk TMpaBuWjio, YK€ paHee CMOHTHDOBaHHOH TNOA TpaJMUHOHHBIE
ananorosele MH(pOPMALMOHHBIE KaHalbl. Tak ©u ObLta co3naHa Gupmoi
Fisher-Rosemount OCHOBHAasl KOHIIETIMSA WHTE/IEKTYaIbHbIX YCTPOHCTB,
B KOTOPO# aHaJIOrOBblif CHrHall, LH(POBbIE CUTHANBI H MHOIJa MHTaHUE
NepeaaoTCs OJHOBPEMEHHO NO OIHOM Nape npoBOIOB.

B Takux CcHCTEMax HMEKOTCA BCe TpeUMylnecTBa LM(POBBIX
KOMMYHHUKAITUA H, B TO K€ BPEMs, COXPAHAKTCA AHAJNIOTOBBIE KAHAbI,
TpeOyrompecss i CyLIeCTByromMX cucteM. Limdpopod  obMeH
HCHOJB3yeTCA HE TOJHKO AJA HACTPOHKHM H KOHTDOJS YCTPOMCTB. OH
MOXET HCMONB30BAaTECA M JUIA  Tiepefadd COOCTBEHHO H3MepAeMOii
BEJIMYHHBL B IH(POBOM BHe. TakuM 00pa3oM, Takoe YCTPOHUCTBO MOXKET
ObITh 6€3 0COOBIX H3MEHEHHH WCIOIBb30BAHO B UHCTO LH(POBBIX
cucTeMax.

UHTennexkTy aNbHbIH

JATYUK
4-20 MA + udporoit
cursan (BUTas mapa)

S scoraLTMSASR RSN
- i KouTtponupyromas
— CHCTEMA

IlepconanbHbii
KOMIIBIOTED

Pyuno#t koMMyHHKaTOp
(xonduryparop) HART-monem
(MyJBTHILIEKCOD)

Puc.1.1. UnTennexryanbuas cucreMa
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1.5. CunTbiBaHuE U3MepPsieMOii BeJTMIHHBI B HHPPOBOM BHIE

B03MOKHOCTE CUMTLIBAHUSA U3MEPAEMBIX BETUYUH B [IU(POBOM BHIE
MO3BOJIET OJHUM TNPHOOPOM HMPOU3BOMUTL HECKOIBKO HM3MEPCHUHN
OJHOBpeMeHHO. Tak, HanpuUMep, KOPHOIHUCOBBI MAcCOBBIH PacxomoMep
MOET TepenaBaTh B OAHON LU(POBOH NOCBUIKE 3HAYCHUSA CKOPOCTH
MOTOKA, TEMIIEPATYPHI, MIOTHOCTH M OCPEAHEHHOIO MAacCOBOTO PACcXofa.
CTaHOBHUTCA BO3MOKHBIM KOHTPOJNHPOBATH COCTOSIHUE mpudopa B
Tripoliecce u3MepeHus, MmuQpoBaTh U 3acEKpeIBaTh HIMEPEHHS.

Ectp emme o0OAHO BakHOE TMPEUMYINECTBO TaKAX CHCTEM MO
CPaBHEHHMIO C YHCTO LM(POBBIMM MM YMUCTO AHANOTOBBIMH: 37€Ch HE
HaAO TIPOHM3BOAWUTH IOMOJHHTEIRHOE aHanoro-pdposoe wmm udpo-
aHanoropoe TmipeoOpa3oBaHWE MPH HEOOXOIMMOCTH CTHIKOBOK THIA
"uudpa-anagor’ unu "aHanor-uudpa’, TOCKOIBKY 00a THNa HOCHUTENA
€CTb B TOTOBOM BHUJIE.

Crnenyer wWMeTh B BHIY, OIHAKO, YTO HA TNOCBUIKY LHU(POBBIX
co00LIeHH# 3aTPAauUBACTCA ONpEIEICHHOE BpeMs. DTO MOXKET 0Ka3aTbCs
HETIPUEMIIEMBIM ~ JUIS  CHCTEM, TpeOYyIoImMX  ObICTPONEHCTBYHOILECH
obpatHOH CBA3M. B Takux caydasix 1ys Lejdedl ynpaBiacHHsT MOMKHO
BOCTIONBb30BATHECS  AHANOTOBBIM CHTHAJOM. B OyaymieM mMoBbIICHHE
ckopocteit oOMena no umudporsiM muHam tuna Fieldbus (em. m. 1.15),
BUIMMO, MPUBENET K OKOHYATENIbHOMY CHATHIO 3TUX OIPaHUYCHHH.

1.6. JonoaHuTteabHass HHpopMalHs

[Ipu Hamumy U poBBEIX KOMMYHHUKAUH CTAHOBUTCSA ONPaBIaHHBIM
JepXaTh BHYTPHA TMOJEBOTO YCTPOWCTBA HEKOTOPYIO IOTIOJHUTEIBHYIO
UHGPOPMALIUIO, KOTOPasi MOXKET OBITh CYMTaHA TIO0 CHCLIAATBHOMY 3aIpocy.
3T0 MOXKET OBITH, HAPUMED, HOMEP YCTPONHCTBA, OMMCAHUE U3MEPECHHS B
crierManbHoi GopMe, nMana3oH U eAWHHULBI H3MEPEHHS. DTO MOXKET ObITh
Taloke wuH(pOpMalMA O CaMOM YCTPOMCTBE: 3aBOJICKOW HOMEp, IaTa
BbIIyCKa, JaTa nocjenHedl mnosepku. TakuMm o0pa3oM, MOXKET OBITh
OpraHM30BaHa aBTOMATH3UPOBAHHAS CHUCTEMAa ydYeTa TMOBEPOK W APYTHX
perylaMeHTHBIX paboT.

1.7. MHororo4edHbie CHCTEMbI

MHoOroToueuHble CHCTEMbl (MHOTOTOYE€UHbIE KOMMYHHUKALWH;
MOHOKaHaJIbl) - 3TO KOH(UIYpallid KOMMYHHUKAITMOHHBIX YCTPOWUCTB, MPH
KOTOPBIX HECKONIBKO YCTPOUCTB Pa3lelisfioT OOLIYI0 KOMMYHHKAIlHOHHYHO
JHHHIO, TIPAYeM B Ka)KIBIA MOMEHT BPEMEHH NEPEJauy MOXKET BECTH
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TOJILKO OJHO yCTpOHCTBO. OOBIMHO B TaKUX CHCTEMAaX MCIOJB3yETCH TOT
WIA MHOM MexaHu3Mm onpoca (polling), obecneuuBatomnuii yHUKAIbHY O
a/Ipecalmio Kaxa0ro yCTpoicTBa.

To ecTp Kaxgoe yCTpoHCTBO mMapauielkHO C  JAPYTHMH
MOJACOEIMHEHO K OJHON BUTOHM Mape MPOBOJOB, HA YAAJCHHOM KOHLIE
KOTOpO#H HaxXOMUTCA 3allpamiuBalOMid  WHPOPMALUIO KOMITBIOTED.
Kaxnoe ycTpolicTBo HMeeT CBOH aapec, ¥ KaAbli 3arpoc KOMITbIOTEpA
JOJDKEH COJIEPIKATh 3TOT aJPEC KAaK 4acTh 3alIPOCHOTO COOOILCHHUSI.

Takue MHOTOTOYEYHBIE CHCTEMBI BEChbMa SKOHOMHMYHBI B CMBICIIE
pa3Boiku  HH(POPMALMOHHBIX  Kabemei M MPOCTOTBI  BXOJTHOW
UHTEPPEHCHON HACTH KOHTPOJIMPYIOIETO YCTpoicTBa, OMHAKO MOJHBIMA
LMK ONpoca MpH OOJIbIIOM HHUCIE ONPaliMBACMBIX YCTPOHCTB MOMKET
OKa3aThbCsl IOBOJIBHO JUIUTEIIBHBIM.

1.8. HART-nipoToko.

Jna  Ttoro, 4roObl peanu30BaTh B3aMMOACHCTBUE PA3IMYHBIX
yNPaBIHIOIMUX U TOJEBbIX YCTPOHCTB, TpeOyercs KOMMYHUKAIIMOHHBIH
cranaapr. OH JOKEH BKIOYaTh B cebs creupidukauun QUanyecKux
(dopM mepemauM CHUTHAIOB, NPOLEAYP OOMEHA, CTPYKTYPbI COOOIICHHH,
¢opMaToB maHHBIX W Ha0Opa KOMAaH[I JJIS BBINOJHEHHS TPeOyEeMbIX
byHKLMHA.

Buras napa

KonTponupyroimas
cucrema (xocT)

: sl
Jaruuk Jaryuk
pacxoma  JaBIeHUs

HNaruux i
TEMIIEPATY Pb!

Puc.1.2. TIpumep MHOrOTOUEHHOH CHCTEMBI
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B s71oii 6pomtope HART-npoTokon onMchiBaeTcs AeTalbHO. Ecnm
kopotko, To HART Bkmouaer B cebs cranmapr Bell 202, B xoTtopom
MPENOIATaeTCs UCIIOIb30BAHUE YaCTOTHO-MAHUIYJIHPOBAHHOTO CUTHAIA
npu ckopocTH obMeHa 1200 60a. DTOT CUrHaJl HAJIOXKEH Ha CTRHAAPTHBIH
AHAJIOTOBBIA M3MepuTenbHBI  curHan 4-20 MA. Cpeanuii ypOBeHb
4aCTOTHO-MAHUITYTHPOBAHHOTO CHUTHaJla PaBEH HYJIO, MOITOMY OH He
HCKaKaeT aHaJoroBbii curHai (puc.1.3).

HART-npoTokos sIBIs€TCS MNPOTOKOJIOM THra "master-slave" (T.e.
MOCTPOEH MO  CXEME '"TJIaBHBIM-MOJYUHEHHBIH"), M KaXKIOE TMOJIEBOE
yCTPOKCTBO BBIJTAET COODIIEHUSI TOJBKO IO 3alpocy KOHTPOIUPYIOIIETO
ycTpoiictBa ("master”). KOHTpPOIUpPYIOMIHX yCTPOMCTB MOXET OBITH IBa
(Haripumep, XocT-KoMObtoTep M nopratuBHbIA HART-komMMyHHKaTop). K
OMHOMY WH(OPMALHOHHOMY Kabemo MokeT ObiTh MOAKIHYEHO 10 15
3aBMCHMBIX yCTPOUCTRB ("slave™).

0 mA
AY
\\
\
Amnaro-
TOBbLIA
curHan ®
Hudposol  (BbICOKOYACTOTHbIH) HART- g
c CHTHAN  SABJSETCH  NMOCIEAOBAaTENbHOCTHIO §
cuHycona c¢ uactotamu 1200 u 2200 T'n. @
CpenHee 3HaueHHe 3TOrO CHrHana paBHO R
HYJIIO, [IO3TOMY OH HE BJHMIET HA OCHOBHOW E
¢ = Command - KOManaa | ayanoroseiit curuan.
Jokh R = Respores - OTKIHK o B
Hudposou CUTHaN OTAENAETCS oTH
aHaOroBOro NMyTeM YacTOTHOH GHUIbTpaUHUH.
:

Puc.1.3. HART-curnan
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Kaxxnoe coobiienue (cM. puc.l.4) BKmodaeT B cedsl, B 4aCTHOCTH,
azipeca UCTOYHMKA M Ha3HAYEHHA, a TAKKE KOHTPOJIBHYIO CyMMY st
obHapyxeHHs McKaxkeHud maHHbIX. Ilome cratryca  ycTpoiicrsa
BKJIFOYAETCH B KaXAOE COOOLIEHHE H CIY)KHT A KOHTPOJSE TEKYLLEro
COCTOSIHHA YCTPOHMCTBA (a Taioke KOMAaHAbI HJIM COSAMHCHHSA). B
3aBUCHMOCTH OT KOMaHAbI COOOIEHHE MOXET COAEPNKaThb WM HE
cogepkarh I0J€ [JaHHBIX. B cekyHOy MoxeT coBepmaTecs 2-3
TpaH3akLpH (0OMeHa COOOIEHHAMH ).

ADDR l coMm [STATUS] l [DATA] CHK

PREAMBLE | STRT BCNT
.............. i ]__l_.__
KonTpons-
Hannsie Hast cp MMa
(0-25 Gaiir) Y
Cuer4uk GaitToB
(noneit maHHbIX Craryc KOMaHzapl, KOMMY-
u craryca) HUKaLIWH ¥ yCTPOHCTBA
(2 Gaiita, TONBLKO
L Kowmarna B HanpaeJIeHHH K XOCTY)
—Anpeca (MCTOYHHKA H
. HasHadyeHus; lunu 5 OanT)
CrapToBblit
IpeamGyna “MBO!
(5-20 Gaiir)

Puc.1.4. Crpyxrypa HART-cooOmenus

1.9. YuuBepcajibHble KOMaHIbI

Bcee xomanael HART-nporokona pa3aenensl Ha 3 rpymnbi. [lepsas
rpynna - "yHHBEPCAIbHBIEC", TOAAECPKHMBAIOT ()YHKIMH, BbINOJHACMBIC
BCEMH I0JIEBBIMHU ycTpolictBamMu. OHH TipencTaBiieHbl B Tabn. 1.1, a taxoke
B Tabux. 4.2 (6onee nogpobHO).

1.10. O6meynoTpedureibHbIE KOMAH/IbI

Ot0 Bropas rpynna koMaHna. OHH TOAIEPKHBAIOT BBIMTOJHEHHE
GyHKUMH MHOIHX YCTpOHCTB, XOTS H HE Bcex. Ecmu  ycTpolicTso
NOAJEPKHBACT ONPEIC/ICHHYIO (DYHKLHIO, TO TaKas KOMAHAA IPHBEICT K
€c BbINONHEHHIO. KOMaHnb! nipeacTaBiacHb! B Tabi. 1.2 u 4.4,
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1.11. Coneumpnynbie KOMaHIbI

TpeTbt0 TpyMmy KOMaHA COCTaBJLIIOT T€ KOMAHHAbI, KOTOPBIC
NOANCPKHUBAIOT 0CO0blE (YHKUMH JJIs1 OTAEJBHBIX THIIOB MOJICBBIX
ycrpoiicTB. HekoTopble NpHMepsI IpUBeAcHSBI B Tabm. 1.3.

Tabnuna 1.1
Tlpumeps! yHHBEpCATbHBIX KOMaH]
Homep DyHKIMH
KOMAaHIbl ]
0 UYrenne nudopmauni 00 H3rOTOBUTENE H THIIE YCTPOHCTBa
1 UrenHe rjaBHOW ICPEMEHHON U €IMHHLLI U3MEPEHUs
2 UreHHe 3HAUEHMSI TOKOBOTO BbIXOZa (B MA H MNpPOLEHTax OT
MOJIHOH IIKaIbl))
3 Yrenune 10 4-x npenonpeesicHHbIX JMHAMHYECKHX NEPEMEHHBIX
6 3anuck onpoOcHOro aapeca
12,17 YreHue win 3anuch 32-CHMBOILHOTO COOOLICHUS
13,18 UreHHe WM 3alHCh 8-CHMBOJILHOTO T3ra, 16-CHMBOJIBHOrO
NEeCKpHNTOpa, narel - uHGOpMauuMu i YHMKaJNbHOH
uneHTH(HKkauuu obbexra
14 Urenne nudopmaluu 0 HATYHKE IMaBHOM nepeMeHHOM
15 YreHne MaccuBa, YTOUHAIOMIErO BBIXOAHYK MHGOPMALHIO: KOA
¢dyukmun  npeobpasoBaHus, MNpeNENsl M3MEPEHHS  ITaBHOH
NepeMEeHHOH, MOCTOSHHAs BPEMEHH 3aTyXaHHs MepexofHOro
npolecca H T.00.
16, 19 Urenue UM 3anuch Homepa ¢uHanbHOH cOOpKH yCTpoiicTsa ]
Tabnuua 1.2

Ipumeprr 0Omey MOTPEOUTENBHBIX KOMaHI,

Homep Dy HKuMK
KOMaH/1bl
33 | Urenue 5o 4-x nepenaBaeMbix MEPEMEHHBIX o
34 3anuch NOCTOAHHON BPEMEHH 3aTy XaHHUs IEPEXOIHOro Mpouecca
35 3anuch 3HaYeHHMH IPaHHUIl AMaNa3oHa H3MEepeHusl N
36, 37 YcTaHOBKA BEpXHEH MM HI)KHEH rpaHUlbl JHana30Ha
40 YcraHoBka $HKCUPOBAHHOIO BLIXOIHOIO TOKA
41 BrinmonHeHne caMOIHarHOCTHKH
47 3anucy koza ¢yHkuMd npeobpasoBaHus  (KBagpaTHUHAd,
nuHeiHas, norapudMudeckas U T.1.)
48 YTeHue JONOJHHTENbHbIX JAHHbIX O COCTOSHHM YCTpoHCTBA
49 | 3anuch cepHHHOrO HOMEPA JaTYMKA IMABHON NEPEMEHHOH
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Tabnuua 1.3
Tpumepst cneubHYHBIX KOMaH,
Homep Yecrpo#icreo OyHkuyu
KOMaH/1p!
128, 129 11518 Urenne wWIM  3amMCh  KOOOB ~ MAarepuanos
KOHCTPYKIHH ) )
130, 131 3044C YUrenne MIIH 3alKCh THIA CEHCOPa
138,139 8712 UTeHMe WM 3aNHCh HHIKHErO MPENETLHOrO
~ 3HaueHHA pacxosa ]
| 146 9712 3amyck, OCTaHOB HMIIH OYMCTKA CHETYHKA ]
146, 147 1054A YreHue UM 3aIIHCh aBAPHHHON yCTABKH
153, 154 9712 UreHnue WITH 3aluch KaIHOPOBOYHOTO
k0o PHUHEHTa IOTHOCTH
166 3680 3anuch THNA HCTOYHHKA Y-H3Ily UEHHUS

1.12, McnonHHTEILHBIE YCTPORCTRA

Ho cux Mmop Mbl NPUMEHSIM TEPMHHBI "HHTEJUIEKTYaIbHBIA" U
"HART" no OTHOLIEHHIO K CpPEACTBAM H3MEPEHHMS H KOHTDPOJS. JTO
€CTECTBEHHO, TaK KaK MMEHHO A HUX HART-npoTokosn v3HAYaILHO H
Obu1  paspabotan. OnHako ceifdac  TPOTOKON MCHONB3YyETCS W B
HCIIOJIHHTE/IbHBIX  YCTPOMCTBAX, TaKHX KaK [MO3HMIMOHEPBl 3aIBHIKEK
TPyOONpoBONOB MM Npeobpa3oBaTensx "Tok-napiaenue”. [IpeMMyLIecTBo
TaKUX YCTPOWCTB MNepel OObIYHBIMH B TOM, YTO OHM MOTYT BbIIaBaTh
Pa3JIHYHYI0 AHATHOCTHYECKYIO HH(POPMALIHIO O CBOEM COCTOSIHHM.

1.13. HART-npoaykuus

Ilepeuer npomykToB ¢ Hcnonb3oBanueM HART-npotokona,
BBIITYCKACMBIX pa3IMYHLIMH MpPOU3BOIUTENAMH, BechbMa OOLIMpeH. B
Tab. 1.4 mpencTaBieHbl pasidyYHblE TPYMNbLI M Pa3HOBUIAHOCTH TaKOM
npoaykuuH. [lonesHyro cnpaBoyHyl0 MUHGOPMALMIO TI0 ITOMY BOMPOCY
MoxHO HaWTH B u3naHuu "The HART Book", nybGiuxyeMom Bpems oT
BpeMenH komnanuel GGH Marketing Communications.

1.14. DDL

DDL (Device Description Language) - s3blk ONMMCaHHs yCTPOICTB,
ucnose3yembii B HART, koTOpBIii 03BOJISIET pa3pabOTUHKy AETAIBHO U
OJJHO3HAYHO ONMCATh YCTPOICTBO, a 3aT€M CUUTHIBATH HH(POPMAIMIO O
HeM B npouecce nudposoro odmena. DDL BxirouaeT B cebs ONHMCaHUS
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NOCTYIHBIX TEPEMEHHBIX, KOMaHA M pabouux MOpoLEedyp, a TaKKe
CTPYKTYPy MEHIO, KOTOpas IOCTYTMHA ONEepaTropy Ha XOCT-yCTPOHUCTBAX
(KOHTPOIUPYIOLIMX KOMIIBIOTEPAX WM KOH(UTY paTopax).

Tabnuua 1.4
HexoTopsle Buar! BoinyckaeMoit HART-npoaykunum
Kareropus Ipoaykuus
ITonesnbie AwnanutHyeckne npubGopst  (pH-Merpel, KOHAYKTOMEpHI, ’
ycTpo#cTBa aHaJIH3aToOpPbl KUCI0POaa H T.1I.) !

TInoTHOMEpH! (KOPHOIHCOBH H PaIUOH3OTONHBIE) ‘
Pacxonomepsl  (auddepeHunansHble, 3NE€KTPOMATrHMTHEIE, |
BHXPEBbIE, yJILTPa3By KOBBIE) |
YpoBHeMepH! (NOIIaBKOBbIE, EMKOCTHBIE, THAPOCTATHUECKHE,
ynbTpa3pykoBele, CBU, umnenancoMerpuueckue)
Hsmepurenu naBneHHs (abCOMOTHOTO M PA3HOCTHOTO)
Hsmeputenu Ttemneparypbl (Ha ©0ase TepMODPE3UCTOPOB,
TepMonap, TUPOMETPHUYECKHE)

INpeodpasosarenu "Tok-nasnenue”

KonTponneps! ynpaenenus 3anBixKaMu
Iponecc-konrponnepst (ITH-perynstopst u ap.)
XocT-ycTpoiicTBa | PacnpenenexHbie y npaBnsioliue CHCTEMBI
IIporpaMMupyeMBbi€ TOrH4YeCKHE KOHTPOJLIEP bi

Pyunbie kommyHuKaTops! (KOHHIYpaTOpPHI)
ITpoMbILIUTEHHBIE KOMITBIOTEPBI

CyMMmaropsl noroka

PesepByapHble BEMUCIHTENH 00beMa JKHIKOCTH

Hpyrue Monemst
KOMITOHEHTBI MogaemMHble MUKpOCXEMBL |
MynsTHIIEKCOPLI

IIpeoGpazoBareny NpOTOKONIOB
.| Betpoennsle Gapbepsi 08301aCHOCTH U penuTeph
IIporpammHuoe HasnaueHnue nporpaMMHBIX CPECTB:
obecrieuenue - YIIpaBlIEHHE [IPOLECCaMH;

- SCADA-cucremsl;

- TeJIeMeTpHs;

- MPHOOpPHAst KOHQHUIY paLtHs;

- kanuOpoBKa;

- IMaTHOCTHKA;

- nojaeprka odcnyKuBaHus NpubOpPOB
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DDL 1o03BOMisieT MEPEHACTPOUTH XOCT Ha OOCIYXHMBaHHE HOBBIX
ycTpoiicTB  0€3 MepemuchiBaHHs TPOrpPaMMHOTO  o0ecreueHuss W
opraHu3oBaTh yAOOHBIA HHTEpEHC i paboTBl € KOHKPETHBIM
ycrpoiictom. C nomotmbio DDL obecrieunBaeTcst B3anM03aMEHAEMOCTD
M YHHBEPCAJLHOCTh  HMHTEJUICKTYaJbHBIX YCTPOHCTB, BBIITYyCKAaeMbIX
pasMYHLIME (HpPMaMH, JaKE Mpd TOM, 4YTO KOHKpETHas peaiu3anus
(GYHKUHMH YCTPOUCTB MOXKET ObITh pa3nuuHOM. [ToaToMy notpebutens npu
IOCTPOSHHH CHCTEMbI MOXKET BBIOMpaTh MoOble Haubosee ynoOHbIE 1ist
HET0 YyCTPOMCTBA, HE OrpaHHYKMBAsICh HOMEHKIATYpOH KakoH-In00 OqHOH
(&upMBL.

ITpocTble XOCT-CHCTEMbI MOryT OBITE pa3paboranel H  0e3
npuMeHenuss DDL, HO oHM OynyT OrpaHHMYEHBl HCIIOIB30BAHHUEM
YHUBEPCAJIbHBIX H OOIMEyNnoTpeOHTENbHBIX KOMaHA, a IPH YCTaHOBKE
HOBBIX  YCTPOMCTB  mOTpeOyercss  MOJCpPHM3aLMsi  MPOrpaMMHOIO
obecrieueHus. B rinase 5 mpusencHo 6osiee actansHOE onucanue DDL.

1.15. Crangapt Fieldbus

[Iponomxaercs pabora Hajg MHPOBBIM CTaHMAPTOM LIHAGPOBBIX
BBICOKOCKOPOCTHBIX IOJIEBbIX KOMMYHHKAIIN#, U3BECTHBIM FI0]] Ha3BaHHEM
"Fieldbus". Tak e, kak © HART, on pa3paboTaH 1ist HU3ILETO YPOBHS B
HepapXUUEcKON CTPYKTYpe WHQOPMALMOHHO-YIIPABISIOIINX CHCTEM, KaK
rnokasaHo Ha puc. 1.5. ['maBHbIM cTUMysoM paspaborku Fieldbus Obuto
CTPEMJICHUE [IOBBLICHTh CKOPOCTH W OOBEMBlL IEpENaBacMbIX HAHHBIX.
OCHOBHBIMH YE€pPTaMH MPOTOKOJA ABJISIOTCS Iepeiaya MHTaHUA 110 IIHHE,
MHOI'OTOYEYHOCTh, BCTPOCHHBIE (YHKIUH [IOMEX03amMTel.  OIHAKO
COBMECTHMOCTH C AHAJIOTOBBIMH CHCTEMAaMH 3JIECh YK€ HE OCTajioCh.
IpennoxeHo HECKONbKO ckopocTel oOMeHa.

CeronHsAmHNE MHTEUIEKTYaBHBIE CPEACTBA U3MEPEHHH SBIAIOTCS
YaCThIO HEMPEPbIBHO 3BOJIONHOHMPYIOLIEH HEMOYKH OT MHEBMATHYECKHX
npubOpPOB M  AHATOrOBOM JJIEKTPOHMKM C BBIXOAOM 4-20 MA 10
CMEIIAHHbIX aHAIOTrOBO-LUU(pPOBbIX koMMyHukauuil (HART) wu nanee no
MOJIHOCTBIO 1TM(poBbix koMMmyHHKaumi (Fieldbus). 310 wacts obmero
IBIDKEHHS K 0ojiee LIMPOKOMY HKCIOJB30BaHHIO 1H(pPoBOro obOMeHa
nHpopmMarred B Iprubopax M yIpaBISIOIIAX CHCTEMAX.
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VYnpasnsomas Vnpasnenue Beixon
uH(popmalus MPOH3BOLACTBOM BO BHEIIIHHE CETH
| [ I
HndopmalinoHHas ceThb
(MAP, DECNET, Ethernet, ...)
Hucnerdepckas I_LH_H&__] Jucneruepckas
l [
I Cerb CHCTEMBI yITPABICHHA ]
KonTtponnep KonTtponnep
| Ceru Fieldbus Cern Fieldbus
(g é é Ilonessie
ycTpoicTBa

Puc.1.5. Mepapxuueckas cTpykTypa undopmauronHoi cetn ¢ munok Fieldbus

HART-npotokon yxe cedyac I03BOJAECT [IPOU3BOMUTENAM H
NoJb30BaTENAM [PUOOPHOTO O0OPYIOBaHHS HCIOJIb30BAaTh MHOTHE
IPEHMYLIIECTBA LU(POBBIX MOJEBBIX KOMMYHHKALMKA, HapabaTbiBas OIBIT
pabOTBl C HHMH, M OJHOBPEMEHHO COXDAaHATh COBMECTHMOCTH C
CYLIECTBYOLIMMH aHAJOIOBBIMU CUCTEMAaMH. MOXHO NPEANIONIOKUTD, YTO
HART-I11pOTOKOJT IIPOCYIIECTBYET JOBOJLHO JOJIT0 M OYIET CylIeCTBOBATH
Hapsany ¢ uMcTo uudposbiMu nporokonamu Turna Fieldbus, Haxons cebe
npMMeEHEHHe TaMm, rae TpebyeTcs MOJEpHM3HpPOBATh W HapalliBaTh
CYIIECTBYIOIINE CHCTEMBI 0€3 pafliKaTbHOM UX 3aMEHBI.

1.16. ®oux HART-kKoMMyHHKALHIHA

®oun HART-kommynukarmit (HART Communication Foundation -
HCF) - 310 HekoMMepYecKasi OpraHu3aliisg, CO3MaHHasi CICHUAIbHO [UIA
NPOJIBMIKEHHMS M MOJUICPXKKH Henonb3oBanus HART-nporokoia. B nemsx
cnocoOcTBOBaHuA Oonee mMpokoMmy BHenpeHutro HART-nporokosa
xommaHusi Rosemount Inc. mepenana 3aperdCTPHPOBAHHYHO TOProBYIO
MapKy M BCE€ MpaBa Ha HCIOJb30Banue mpoTokona @oumy  HCF.
[TpOTOKOJ OCTAETCS OTKPBITBHIM M CBOOOIHBIM ISl UCIIOJIB30BAHUSI BCEMU.
®oun HCF noanepxupaercs ero wieHamu (ux  Oonee 60). On
obecneuuBaer MOKyMeHTalMel, PyKOBONAIUMHU H KOHCYJbTATHBHBIMH
MaTepHATaMH BCEX 3aHHTEPECOBAHHBIX I10JIb30BATEIICH.
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1.17. Pe3lome

B kauectBe utora npuseaem tabn. 1.5, CONOCTaBSIONTY 0 OCHOBHEIC
coctap/momue HART-mpoTokosna M JoCTHTagMBIH ¢ MX TOMOIIBIO
NOJIOKUTENBHBIA 2 deKT.

Tabnuua 1.5

OcHosHble 0cOOEHHOCTH U npeumymecrsa yerpoicets ¢ HART-npotokonom

Oxonuanue Tadn. 1.5

JloeTyn k NOTOYHBIM
TEKY [IIHM
JIMarHOCTHYECKHM
J@HHBIM

T
| IloBbllIeHHE NPOH3BOANTENBHOCTH.

‘

i YMeHbIIEHHE PacXOA0B Ha 00CTyKHBaHHE
|

OcobeHHOCTh Ipeumymecreo
HuTennexryanbnas [oBblleHHAs TOYHOCTE.
3NIeKTPOHHKA Pacmupenneie Gy HKLHOHAbHBIE BO3MOKHOCTH
HART - "oTkpbITbIiH" INoTtpeduTeins He OrpaHH4EH OJHUM MOCTABIIUKOM
NPOTOKOJ
JByxnposonHas BosmoxnocTb HCMOTTb30BAHMS CY IIECTBYIOIIHX
cucreMa JBYXNPOBOIHBIX AHAIOTOBBIX KOMMY HHKALIHHA

VYHuBepcanbHble H
o0IimeynoTpebHTenbHbIE
KOMaHIbl

- Pabota ¢ HOBbiMH ycrpoiicTBaMu Oe3 npobieM

Crieunguinbie
KOMaHIbi

B03MOXKHAOCTb BHOCHTb H3MEHEHHS B &IFOPUTM paboThl |
yCTpOHCTB

|
|
|

|
|
\
\
|

UreHue
HAeHTH(AKALHOHHbIX
JaHHbIX (T3ra)

{ BBICTpBIH TOHCK HYXHOT'O YCTPOMCTBA B CHCTEME 13

Cmemannas nepenaua | COBMECTHMOCTb C CYIIECTBYHOIIMMU CTaHAAPTAMH JUis
aHaITOrOBOTO aHAJIOTOBbIX CHIHAIOB.
U uupposoro curranop | 'otosHoCTe k mnepexony Ha nonHocTbio LHdpoBbIE

CHCTEMBI

MHoroToueunas To3BoIsieT 3kOHOMHTL Ha Pa3BOJKE NMPOBOAHBIX LETIER
cucreMa

BoamoxHoCTD MozBosnster,  HampuMmep,  HCNONBL30BaTb  PYHHOHR
ynpasieHHs KOMMYHHKaTop 0e3  KoH(IHMKTZa ¢  OCHOBHBIM

H3 HECKOJIbKHX LIE€HTPOB | YHNPABIAOLIWM KOMIIbIOTEPOM

Ilepenaua undopmaunn | [TosBossier nomyyars HHTErPUPOBAHHBIC JaHHBIE
0 COCTOSHHH ’
yCTpOHCTBaA B KAXKIOM
COOOIMICHHH

JucraniuonHas
JHarHOCTHKa
H HacTpoHka

Oco60 UeHHO IS TPY IHOAOCTY THBIX YCTPORCTB

Pacmnpennbiii norox IMonpoOHble 3anucH AJif TEKYUIETO M MEPCIEKTUBHOTO
TEKY IIHX NPHOOPHBIX ynpasneHus
JI@HHBIX
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yCTpoHCTBa |

; |

> ; p \

Hacrpoiixa ‘\‘ Jlerku#i KOHTPOJIb NETIH PEryTHPOBAHHUA |

MCTIOJTHUTEIBHBIX | }

- |

yCTPOHCTB ! |

| |

Crangaprt Bell 202 | [lpoBepeHHas Hamex)Has CHCTEMA. |
} JeleBbie MUKpOCXEMBI 18 MOIEMOB

DDL . Baaumo3ameHsieMOCTb  YCTPOMCTB ~ OT  pa3siMYHBIX |

! npoussoanTenei |
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I'naea 2. Pacemotrpenue HART-curnana Ha pu3H1eCcKOM ypoOBHe

2.1. Moaean OSI

CylecTByeT Tak HasbiBacMas JTajJOHHAs MOJETb B3aUMOCBS3CH B
oTkpbIThIX cuctemax - OSI (Open System Interconnection). CormacHo
ITOM MOJICIIH, OTTHCAHHE H TIPUMCHEHHE KOMMY HUKAIIMOHHBIX TIPOTOKOJIOB
MOIYHHACTCA  CTPYKTypHOMY  pa3bmenuto Ha  "ciaon"  (YpoBHH
paccMotpenns). Kaxknpiii cioii HeceT CBOHO (hyHKIHOHAIBHYIO HArpy3Ky.
CootBercTBUE pasHbIx TpoTokoyioB Momenu OSI elle HE O3HayaeT WX
COBMECTUMOCTH, HO CHJIbHO 00JIErYaeTcs peasiu3allis [epexona oT OJHOTo
TaKOr0 MPOTOKOJA K IPYTOMY.

B nmonHoit Moaenn OS] pa3nuyaroT cJeAy0Wue Clou:

1 - dbusngeckuii cnoit;

2 - cIoii oOMEHa JdHHbIMY,

3 - cJIo# B3aUMOJICHCTBUS CETCH;

4 - TPaHCTIOPTHBII CIOM;

S - cro# onucaHus ceanca paboThl;

6 - cnoit npeacrasiacHus HHPOPMAITUH;

7 - CNO¥ TIPUKIIAAHbIX 33/1a4.

B nmporokone HART 3agpelictBoBansl ciou 1, 2 u 7. OcTanbsHbie He
SBJIAIOTCA 3HAYUMBIMH W HE paccMaTpuBaroTcs. B aToi rjiaBe
pPaccCMOTPUM TIPOTOKOI HA TIEPBOM, (DH3UYECKOM CIIOE.

2.2. YacTOTHO-MAHUIY /IHPOBAHHBIH CUIHAJ

B HART-mpotokone  HCOOJIb3YETCs  TEXHHMKA  YAcCTOTHOIO
MaHUITy IMPOBAHHKS AJs BHCJPEHUS HM(POBBIX KOMMYHHKALUHUH B TOKOBYIO
nerao 4-20 MA, COSIUHSAIONLY0 KOHTPOJUPYIOILYO0 CUCTEMY C MOJEBbIM
ycTpoiictBoM. [l npeactaBneHus ABOUYHbIX | U 0 ucnons3yrorcs 1200
' u 2200 I't COOTBETCTBEHHO.

DT CHHYCOMJAJBHBIC CHUTH&JIbl HAKIa/IbIBAIOTCS HAa CHUTHAT
nocrosHHOro Ttoka (puc.l1.3). CpenHee 3HayeHHE CHHYCOMAAIBHOIO
CHTHaJia PaBHO HyJIIO, MOJTOMY HHKakas TOCTOSNHHAs COCTaBISIOUIAs
Oonee He n100aBseTCA K CyulecTBYIOIEMY curHainy 4-20 MA, He3aBUCHMO
OT TOro, Kakas LH(poBas NOCICIOBATCIBHOCTb Iepenaercs. [lodaToMy
OOJIBIIMHCTBO CYUIECTBYIOUIMX AaHAJNOTOBBIX MPUOOPOB MPOIOIKACT
paboTaTh Kak 0ObIYHO, a IS OTHENCHHS IMQPOBOM BbICOKOYACTOTHOM
COCTaBJISIOIICH OOBIYHO IOCTATOYHO MPOCTOTO (MIIbTpa HHU3KUX YACTOT.
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dunpTpaims 0c00EHHO aKkTyanbHa, €CIM B KOHTPOJIMPYIOMICH CHCTEME
UCMoNb3yeTes ObicTpoaencTBy o AL

Cxopoctp niepenayn pasHa 1200 6oa. DTO 3HAYMT, YTO OBOUUHBIC
undpsl nepenaroTes co ckopoctbio 1200 6ut B cekynay. To ects 1
NpeNcTaBieHa OJHMM nepdHoaoM cudycounasr 1200 Tm, a 0 -
NpUOIM3HTENBRHO IBYyMa nepuoaamu cuHycounnsl 2200 I'u. Tako#t BeibOp
4aCTOT ¥ CKOPOCTEH repenayd COOTBETCTBYET aMEPUKAHCKOMY CTaHIapTy
"Bell 202" - ogHOMY M3 HECKOJBKHUX MCHOJBL3YEMBIX A MEpPEeHavn
M poBoi nH(GopMaIHK 110 TeNeGOHHBIM CETAM. OTO 3HAYMT, YTO MOXKHO
UCIIOJIb30BaTh pa3paboTaHHbIE MO 3TOT CTAHAApT NCLICBLIC M LIHPOKO
pacnpoCcTpaHeHHblE MOJICMHbIC HMHTErpanbHble MHUkpocxemel. B CIIA
paspelleHo Mepe/iaBaTh TakMe CHrHajubl 1o TenedoHHeM ceTam. K
COXAJICHHIO, 2TOT CTAHOAPT HE YTBEPKICH M1 MCIONL30BAHHSA B
esponieiickux Tenedonnsix cersx. (B Ebpome, eciu tpebyercs pabora
yepe3 TelneOHHbIE CETH OOIIEro Moib30BaHus, curHan u3 Bell 202
tpebyetcs npeobpasosats B RS-232 u nanee B crangapt CCITT V.22 unu
V.23).

2.3. YpoOBHH CHTHAJIOB

HART-npoTtokxonom yCTaHOBJIEHO, YTO  KOHTPOJUPYIOLIHE
yCTPOHCTBA (XOCT-YCTPOHCTBA) NEPCHAIOT CHIHAJ 110 HANPSHKCHHUIO, a
TOJIEBbIE  YCTPOHCTBA - MO TOKY. 3aMETHM, 4YTO (yHKIHOHHUPOBAHHE
o0ObIYHOrO mepeaaTyuka, padoTAIoLIEro Ha JBYXIPOBOIHYIO JIMHHIO,
3aK/IIOYACTCA B YIPaBJICHMM TOKOM B IIETIC; TaKkOW TpalMUHOHHBIA
aHANIOrOBbIi  MEepeAaTdydK  JIETKO  JOMOJNHAETCS ~ KOMIIOHEHTAaMH,
0o0eCreynBaOIIMMU  TEHEPALUIO HeOONMBIIOH  BBICOKOYACTOTHOM
coctassomneii Toka HART-curHana.

ToxoBeIi CHrHATI IPEOOPa3ycTCs B COOTBETCTBYIOLIEE HAIIPSDKEHHUE C
[IOMOII[bK) ~ HArpy304YHOrO0 pPE3UCTOpa, YCTAHOBJICHHOIO B  NETIE
MOCIE0BATEILHO € HCTOYHHMKOM CHIHAja, MO3TOMYy BCE YCTPOHCTBa
MCIIOJIL3YIOT TIPUEMHbBIE [IETIH, 1yBCTBUTENBHBIC K HAMPHKCHUIO. 3HAYEHHS
pasMaxa CHHYCOMIQJIbHOTO CUrHaia (yIBOCHHas aMILUIMTYJa) NPUBEIACHBI
B Tabm. 2.1.

B  umeaneHOoM ciyyae (dopma curHana  JOJDKHa  OBITh
CHHYCOM/IAIbHOM, HO JIONyCKaeTcs U TpaneuenganbHas Qopma ¢
HEKOTOPbIMHU OrpaHruyeHUsMH. [IpsMoyrosipHas Gopma HE JOIMYCKAETCH.
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Tabnuua 2.1
Yposuu HART-curuana

Curnan, nepenaBaeMplil XOCT-yCTPOHCTBOM 400..600 mB

Curnan, nepegaBaeMplil 10M€BBIM YCTPOHCTBOM 0,8.. 1,2MA

MunumanbHblii CHrHaT MOJEBOr0 yCTPOKCTRA,
BBIAENEHHBIH Ha Harpy3ke 230 Om 184 MB

MakcuManbhbiif curHan MmojeBoro ycCTpOHCTRa,

BbLIENEHHBIH Ha Harpy3ke 1100 Om 1320 mMB
T[Je76);é1:4aﬂ '-IyBCf]?&;{CT‘Ibﬁ(;CTb npl;eﬁE{a - 120MB..2B
TTopor 4yBCTBHTENBHOCTH 80 mB

B curmanax juis ynpaBisieMbIx 3a[BHXKEK HCIHOJIB3YIOTCH TaKHE K€
YPOBHH, HO IOJEBBIE YCTPONCTBA mMepefaroT CHIHAJ HE [0 TOKY, a [0
HanpsokeHHI0. B 9TOM cilydae MMInenaHc mosieBOro ycrpoiictea cam
SIBJISIETCSI HATPY304HBIM pe3rucTopoM (cM. 2.13).

Ilpy Ha3HayeHHMH HYBCTBUTENLHOCTH [PHEMHHKOB  C/EJaHO
IOIYIEHHE, 4TO CHTHaja MOXeT ObITh ociabieH H3-3a 3aTyXaHHs B
kabene. Ilopor YyBCTBUTENHEHOCTH - 3TO YPOBEHb, HHXE KOTOPOI'O
CHUTHAJTBl TPOCTO MIHOPHUPYIOTCS. OTO yMEHBIUIAET BEPOATHOCTH BIIMAHHS
HABOJAOK OT BHEIIHHX H3JIyYeHUH, HCUEATbHOCTH 3a3€MIICHHS H ITHTAHUA.

2.4. KoMMyHHKAalIHOHHAsL TIETJIs1

OO0bIvHas KOMMYHUKALIHOHHAS LeTb € MepeAaTYUKOM, BKITIOUSHHBIM
[OCNEN0BATENBHO B [ETNI0 [OCPEACTBOM  JBYXIPOBOJHOW JIMHHH,
nokaszaHa Ha puc. 2.1. Ilpaxkrtudecku Tpebyercs 3 OCHOBHBIX DNIEMEHTA!
uctounuk nurtanus PSU, nepenatyuk Tx u Harpy3ouHbliii pesuctop RL.
Onu MOTYT OBITH COEMHEHBI B JIOOOM TIOPSZIKE, H 3a3¢MIIEHA MOXKET OBITH
nrobas Touka ueru. CoONpOTHBICHHE HATPY30YHOTO PE3UCTOPA IOJOKHO
ObiTh B nMana3zone 230-1100 Om.

HART-cursan [0omxeH HHAYUMPOBATHCH W ACTEKTHPOBATLCH B
1071eBoi netne. Merounuk nutaHus s yactot HART-curHana MoskHO
CUMTATL KOPOTKO3AMKHYTBIM Y4YacTKOM, [103TOMY KOHTPOIHpPYIOIIEe
YCTpPOHCTBO HE MOXET OBITh  MOJCOCAMHEHO  HENOCPEACTBEHHO
napajuienbHo eMy. OHO N0DKHO ObITh coemuHeHo Aubo k Toukam A u B,
anbo napaniensuo pesucropy RL (k B u C). B mocieanem ciyuae uenb
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3aMbIKAETCS Y€PE3 HCTOUHUK THTAHMSL.

Bxnrouenne HART-koMMyHHKATOpa B L€l HE JO/DKHO CO3/1aBATh
MaJCHUS MOCTOSHHOTO HANpshDKEHUsI B JIMHUU. /s obecrieueHus 3Toro
HART-xOMMYHHKATOP INOJDKEH BKJIFOHATHCS B LIETH Yepe3 KOHJSHCATOP
eMKOCThI0 He MeHee 5 Mk®D. [Jns uszbexanus norepp BY-curnana
TIHATENFHO AOJDKHO OBITH BBIMONHEHO 3a3emieHue. Jlnsi yMeHbLICHHA
BJIMSIHUS 3TOTO (haKTOpa IOJIE3HO BBIMONHITH rajlbBAHHUYECKYI0 Pa3BA3KY
KOMMYHHMKATOPA HJIH JPYTroro XoCT-yCTpoiCTBa ¢ IETIAEH CBS3H.

+24B A
+
4-20 MA
PSU B ’
RL
C
0B

Puc. 2.1. JIByxnpoBoaHasi TOKOBasi NETISA

2.5. AKTHBHbIE YCTPOIiCTBA

Mmuorue HART-ycTpoiicTBa UMEIOT BCTPOSHHBIH UCTOYHHMK TTUTAHHSA
U [OTOMY SABJSIFOTCS aKTUBHBIMH. (CXeMa BKITIOWEHHUS TakHX yCTPOMCTB
ToOKa3aHa Ha puc.2.2. 370ech  XOCT-yCTpOWCTBA  TIOAKIIOYAIOTCH
NapajielbHO K Harpy304HOMY PpE3HCTOPY HETOCPENCTBEHHO — WITH
[IOCPENICTBOM JIBYXITPOBOAHOH JTHHUU.

B

[V
Ead

+
RL 4-20 MA @9

kv
N

0B C

Puc. 2.2. TokoBas nemyist ¢ akTHBHBIM [OJIEBLIM YCTPOHCTBOM
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2.6. MHororo4euHass cxema

B kaxnom nepenaBaecMoM HART-cooOLIEHMH COLEPKHTCA anpec.
IIpHCBOMB KaKAOMY [OJIEBOMY YCTPOMCTBY CBOM anpec, MOXKHO
[apanjensHO MONCOCAMHUTE K €IMHCTBEHHOM Mape MpOBOIOB HECKOJIBKO
NoneBbix ycTpoicTs. Kaxmoe M3 HHUX OyaeT NpUHHUMATh COOOIIEHHME,
aJ[PECOBAHHOC TOJILKO €My (MJIM COOOINEHHS, aJpPECOBAHHBIC BCEM
OJHOBPEMEHHO). TTOCKOJIBKY HAI0KEHHE aHAJIONOBLIX TOKOBBLIX CHIHAJIOB
4-20 MA 1pH OJHOBPEMCHHOM [CHCTBHH MPHBENET K OECCMBICICHHOMY
oOmieMy 11€I0OMy, TO OICpailys YCTAHOBKH KaKOro-JHOO OIPOCHOTO
aapeca COMPOBOXIACTCS MPUHYJMTEIBHBIM  COPOCOM  aHANOrOBOTO
CHrHana B HyJieBoe coctosiHue (4 MA). Tlpm 3TOM MHMHMMH3MpyETCH
noTpednseMasi MOIIIHOCTh. J{OMyCKaeTCs BKIIIOYECHHE B MHOTOTOYEUHYHO
cucteMy 10 15 ycrpoiicte.  Ha puC.2.3  1noOKa3aH mpUMep
MHOTOTOYEYHOM CHCTEMBI € 3 YCTPOUCTBAMH.

+24 B A
0 % 1
+ + |+
12 MA
PSU i
B i d
RL
C
0B

Puc. 2.3. MHoroto4ye4Has cxeMa ¢ ABYXHPOBOAHOH NIHHAEH

Eciu cucTeMa mocTpoeHa o cxeMe "Touka - Touka" (OJHOTOUCHHAS
CX€Ma C EIMHCTBEHHBIM [OJIEBBIM YCTPOHCTBOM), TO OCHOBHas
nepeMeHHas MOXET ObITh CUMTaHa KaK B aHAJIOrOBOM BHIE, Tak H B
wadposoM. B MHOrorouyeuHoi ke cHUcTeEME aHanoroBas HHQpOpMalMs
HENOCTYITHA ¥ CYMTHIBAHUE OCHOBHOH IIEPEMEHHON MPOHCXOAUT TOJILKO B
uupoBOM BHJIE.

BO3MOKHO MOCTPOCHHUE MHOIOTOYEYHBIX CHCTEM, B KOTOPBIX
KOMOHHHPYIOTCS MaCCHBHBIC M aKTHBHBIC MOJIEBbIE yCTPOHCTBa (pHC. 2.4).
Onuako B 3TOM ciydyae notpeOyercss 3-H MPOBOA B COCIHHMTEILHOH
JIMHUH,
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+24B A
+ |+
8 MA
PSU
MB - -
+ |+
RL 8 MA

A

0B C

Puc. 2.4. MHororo4eunas CHCTEMa C TPEXNPOBOJHOM NIMHHEH

2.7. Tpe6oBanns K uMNegaHey YCTPOHCTB

K wumnenancy moboro ycrpoifictBa, BiimodaeMoro B HART-
CHCTEMY, NPENBABIAIOTCH OnNpene/icHHble TpeOoBaHuUs, NEPEYUCIICHHBIE B
Tabm. 2.2.

Tabnuua 2.2
TpeOoBaHus K UMIIEAAHCY YCTPOHCTB
["'naBsHOe xocT- | MMneganc wryHTa (mpuem) 230-1100 OMm
YCTPOHCTBO  (BIUTIOHAS
pe3ucTop RL)' MakcuManpHBIH  HMIICAAHC HMCTOYHHKA 700 OMm
(mepenasa) 2
Bropranoe XOCT- | MHHHMabHBIH UMIIEAAHC 1Ty HTa (IPHEM) 5 kOmM
YCTPOHCTBO
MakcHMansHBIH  HMIICIAHC HCTOYHHKA 100 Om
(nepeaada)
[onesoe ycTpoicTBO MurnMaibHOE COMPOTHBICHHE 1Y HTA 100 xOMm
MaxkcumanbHas €MKOCTh UTyHTa 3 5000 n®@
Jpyrue ycrpoicTBa : MuruMaBHBIH UMIICAAHC Iy HTa 10 xOMm
(B COBOKYITHOCTH)
MaxcumanbHbA TIOCTIE AOBATETbHBIH 100 Om
HMIIE1aHC

1. CymecTByIOT Tamke  OTJCNbHBIC TpPeOOBAHMA 1O HHAYKTHBHOH W €MKOCTHOH
COCTAB/IAOLIECH HMIICIaHCa.

2. J1:11 rAaBHOTO XOCT-YCTPOMCTBA MMIICIaHC HCTOYHHKA (NPH Mepeaade) A0MKeH OhITh He
Bonee, 9eM HMIIEAAHC MY HTA (IPH IPHEME ).

3. Yka3aHHBIi IPEACTT HOCHT CKOPEE PCKOMCHIATCIbHEI XapakTep. Y CTpOiicTBa, HMCIOMHE
6onbIOME 3HAYCHHS CMKOCTH, Xapakrepusyilores KodduumenTor CN, KOTOpHIH nNpeAcTaBngeT
c060i OKPYIIICHHYIO J0 Ombkaiiero Gompluero 1€I0ro KpaTHOCTh NPEBBIICHMS 3HaueHHs 5000
n®d (Hanmpumep, YCTPOHCTBO ¢ eMKOCTHIO tyHTa 22000 nd umeer CN=5).

4. JTrobble 1acCHBHBIC YCTPOHCTBA B LICIH, HAPHMEP, MAITHAMIICPMETD.
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3aMeTHM, YTO HMIIEJAHC [JIABHOTO XOCT-yCTPOMCTBA OMHCaH B
TPEANOI0KEHHH, YTO OH BKIIOYaeT B cels Harpy3ouHsli pesuctop RL.
Ecnu 310 He Tak, ToO HMIENAHC XOCT-yCTPOHCTBA M0JIXKEH ObITh HECKOJIBKO
BbILLE, YTOOBI YAOBIETBOPHTH TPEOOBAHHSM IPOTOKOJIA.

2.8. Ocs1aGieHne U HeKaxkeHHe curaaaa. JIumur 65 Mice

ITpoxoma 4epe3 o0yl ILelb, COIECPXKAINYI pacrpelelecHHbIE
CONPOTHBIICHHE W E€MKOCTh, CHTHANBI OCIAONSAIOTCH U 3aIEPKUBAKOTCH
(caBuratotrcs no ¢ase). KoamuecTBEHHO CTENeHb 3aTyXaHWsl U 3a[IePKKH
3aBHCHT OT YaCTOTBI CHTHAJIA W YacTOTHI CPe3a aMIUIMTYIHO-YaCTOTHOH
XapaKTEpUCTHKH nend. st HagexxHoro BbineneHuss HART-curnana Ha
HArpy304YHOM DE3HUCTOPE CHTHAJ C MOJEBOr0 YCTPOICTBA HE IOIKEH
3aTyxatb Oonee yeM Ha 3 b (4to cootBeTcTBYeT criamy AUX no ypoBHs
0,707). IlpenenbHOl Hamxymuieil kOMOWHAUMER ABAAETCA COyvai, Korma
nepenaBaeMblii  TOKOBBIM curHan paBeH 0,8 MA, compoTuBieHHe
Harpy3o4yHoro pesdcropa paBHo 230 OM, © TIPHEMHHUK HMEET
HAUMEHBILYK 4YyBCTBUTEILHOCTE 120 MB (tabn. 2.1). Kpome Toro,
pa3sHUIIA 3aJIEPXKKH ABYX COCEIHHMX YACTOTHBIX MOCBLIOK HE IOJKHA OBITH
Oonbine 50 MKC, B IPOTHBHOM Ciyuae pe3yssTHPYyomas GopMa CHrHama
MOKeT ObITh HCKa)KE€HAa HACTOIBKO, YTO MPHEMHHUK HE CMOMKET Pa3jiHYUTh
COCEIHUE JIOTUYECKHE CHTHAJIBI.

Jlns  cobmoneHus ynomsHyTOoro ycnosisi HART-npotokosiom
YyCTaHOBJIEHA MUHHMAaJIbHAs 4acToTa cpe3a 2500 I'u (mpu 3aTyxanuu Ha 3
1b), gyTh Bbeille Haubonbliel M3 cUrHATBHBIX 4YacToT HART-curHana.
IIpocTass pe3MCTHBHO-EMKOCTHAs Ii€rnb OyICT YIOBJICTBOPITH 3ITOMY
YCIJIOBHIO, €CJIH NOCTOSIHHAS BpeMeHHU 1ienmu RC OyneTr 65 MKC MM MeHee.
Hanpumep, npu R=250 Om u C=0,1 Mx® RC=25 Mkc, uro BHOIHE
JOIy CTHMO. ConpotuBiaeHue R cxiajeiBaeTcs M3  Harpy304HOro
COIIPOTHBIIEHUS W CONPOTHBIEHHUS JHHHM, eMKOCTh C CKIIaAbIBACTCH W3
€MKOCTH Kalensi i €MKOCTH MapasielbHO MOACOCIHHEHHBIX YCTPOMCTR.
[TosToMy 1 mOCTaTO4YHO OONBINOH MONMYCTHMON €MKOCTH HEOOXOIHMO
COIpOoTHBJIEHUE R BeIOHpaTh Kak MOXHO MeHbIle, HO He MeHee 230 Om.
OObI4HO BEIOMPAIOT 3HAYEHHE HArpy3o4Horo pesucropa 250 Om. Ecnu B
JHHUAHA M0CTIEA0BATENBHO BKITFOUEHBI Ipyrue ycTpoiicTBa
(MHMITHAMIIEPMETPBl, CaMOIHCLBI, HMCKPO3alUTHBIE Oaphepel U T.0.),
KOTOPBIE K TOMY € HE INyHTHPOBAHb! KOHIACHCATOPAMH, TO OHH JIOJDKHBI
YUUTBIBATLCSA TP pacyeTe 3HaueHus R.
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2.9. KaGesau cBsizu

Jns ces3u ¢ nonessiMH HART-yCTpoOiCTBAMH HA OTHOCHTENLHO
KOPOTKHX pacCTosHUAX (10 1500 M) MO>XHO HCHOJIB30BATH BHTHIE NAPHI €
obumM 3kpaHoM. [lpu Oonee [UTHHHBIX JIMHMAX CBSI3H HEOOXOIMMO
JKPaHHPOBATh KXyl BUTYH Iapy, 4To0bl H30eXaTh IEpeKpPECTHBIX
nomex. (Bmpowem, mnpu o0weld SKpaHHpOBKE JUIL  3alOUTHl  OT
TIEPEKPECTHBIX TOMEX TOXE HAA0 MPENNPUHAMATE HEKOTOPBIE MEPbI, a
UMEHHO, - TIOMemarb B OAMH OKpaH TMapbel, KOTOpble OymyT
MHTEPQEPUPOBATL B HAMMEHBIIEH CTeneHH. /I 3TOro MO>KHO MOMELIATh
B TOT 7K€ 3KPAaH H YHCTO aHAJIOTOBLIE MapEl.).

Ecnu kabene NIMHHEE HECKONBKHX METPOB, €0 CONPOTHBIICHHE W
€MKOCTb MOTYT CYyIICCTBCHHO IIOBJIMSTH Ha ITOCTOSHHYIO BpeMeHH RC-
LIETIH, II03TOMY CTOMT €€ IPOBEPUTH Ha COOJIOAEHHE JTHMHUTA B 65 MKC.
CompoTuBJIEHHE  MPOBOIOB JMHHM TaKKE MOXKET ObITh MPUYHHOH
OONbLIOr0 MNaAcHUS HANPSHKEHHS WCTOYHHKA MHTAHHS, W 3TO HAI0
VUMUTBLIBATh IIPH PACUETE HAMPSHKEHHAS HCTOYHHKA.

ONeKTpHYeCKHe napaMeTpbl  Kabenst 3aBHCAT OT JauaMeTpa
NPOBOJHHKA, THMNA M TOJIIMHBl HW30JIIMH. [IpuueM peus uaer 06
H30JIS1IMH, KOTOPOH HEMOCPEACTBEHHO MOKPBITHI TPOBOIHMKH, - BRELIHAS
0001104Ka 31€Ck HE B cUeT. [IpH pacyeTaX eMKOCTH POBOIHHUKOB UMEETCS
B BHIy €MKOCTb MMEHHO OTAEIHHOIO IIPOBOIHHUKA II0 OTHOLIEHHIO K
ApYrdM TIPOBOAHMKAM W J3KpaHy (a He B3aHMHas €MKOCTh Taphbl
nposonos). [lpy pacueTe CONPOTHBICHHS JIMHMH HAmgo CIOXKHTH
COIIPOTHBJICHUS 00OHX TIPOBOIOB JIMHHH.

IIpy pacueTe BIMsAHHUS AIMHBI THHHK HA HART-cUrHan sxenaTeabHo
OIIEPHPOBATE PEATBLHBIMH 3HAYEHHSMH MapaMETPOB, M3MEPEHHBIMH IS
KOHKPETHOro kabens. ONHAako NPUKHIOYHAS OLEHKA COIPOTHBICHHS W
€MKOCTH MOXET OBITh CHENIAHA MCXOAS H3 CBOMCTB AMIJIEKTPUKOB U
[IPOBOJIHUKOB, HEKOTOPBbIE W3 KOTOPBIX NpPHUBEAcHBbI B Tabm. 2.3-2.4.
O6bruHO KabeqH ¢ MEHBLIEH JJIEKTPHYECKOM E€MKOCTBIO HMEIT 0Ooiee
TOHKHE MPOBOJHUKH H, CIIEIOBATENLHO, 00OJIee BBHICOKOE COIPOTHBIICHHUE.
Tunvynele xoMOMHAaUMM uIls  HauboJee pacIpPOCTPAHEHHBIX THIIOB
kabereii mpuBeneHs! B TabI. 2.5.

29



Ta6nuua 2.3 B npocreiimeM ciydae, KOraa MMeEETCss eIMHCTBEHHOE I10JIEBOE

EmxocTb pasnuuHbix xabened YCTPOWCTBO W €IMHCTBEHHOE  XOCT-YCTpOHCTBO C  250-OMHBIM
TEEv— Emxocts, 1 HArpy304YHBIM PE3HUCTOPOM, [IPABHIIO COONIIOAEHHS JMMHTa 65 MKC
n®/m MO3BOJISET UMETh 00UIYI0 eMKOoCTh He Oomnee 0,26 Mk®P. ECIu H0IyCTHTS,

BX 300-400 , 4TO eMKOCTh ycTpoiictBa paBHa 0,01 Mx® (5000 nd Ha camo moieBoe

YCTPOHCTBO M CTOJNBKO K€ Ha YMpaBJIAIOUIEE YCTPOHCTBO), TO €MKOCTh
kabenst He nomkHa npesblmath 0,25 Mx®. OnHako  3MEKTPHYECKOE
MEHOMOMHITHIIEH 75-100 . CONPOTHUBJICHHE  Ka0enmsi  IMOHMIDKACT  pa3pell€HHYI0  €MKOCTh W,
CIIEI0BATEIILHO, IJINHY Kabes.

Jins oObruHOrO npubopHOro kabens cedeHueM nposofa 1 MM’ ¢

MOJIMITHIEH 150-200

Tabnuua 2.4
ConpoTHBiense Kkabeseil pasMHIHOrO CeueHns noNU3TANIEHOBON m3osmmeit (200 nd/m, 36 Om/kM) npaBuio 65 MKc
T G HAJIOKHUT OrpaHuueHre Ha nmHy kabenss 1100 M. Hcnoms3ys 6onee
OBOAHHKH OIIpPO o
o (s ngylu:;:::;o,; kadecTBeHHbIH kabens (100 nd/m, 36 OM/kM) MOKHO YBENHYHTE UIHHY
Mnomans, mm” | Juamerp, Mm AunmK), Onficv nuHuH cBsi3u 10 2000 M (¢ ygeToM mipeenbHOH IIHHBI B COOTBETCTBHU C
£l
20 % 17 Tabx. 2.6). MHOrOTOYEYHAs CTPYKTYpa CUCTEMBl YMEHBIIAET BOIMOXKHYIO
> b
JUTHHY Kabesns. Bonblnoe 3HaueHWe B 3TOM ciyudae urpaeT Kod(QHIHEeHT
13 1.3 28 CN (cM. 2.7), 910 MILTOCTPUpYETCs JaHHBIMH Tabil. 2.6.
0,8 1,0 45
0.5 0.8 70 Tabnuua 2.6
MakcHmanbHas JIHHa A kabenei ceuennem 1 mm’
0,3 0,6 110
TTonesnie Hzonsauus
0,2 0,5 160 i
yCTpOHCTEA BX TTonusTHIEH Tenononuatunen
1 (CN=1) 600 m 1100 m 2000 m
Ta6nuna 2.5 mHoroTou. 10 500 m 900 m 1600 m
TTapamerpbt kabeneli pa3iTHYHBIX MapOK (CN=1)
: mHoroTou. 10 85 ™ 150 m 250 m
Tun kabesns Hsonauus TIpumep Emkocrts, | Comporusine- (CN=4,4)
n®/m nue, OM/kM Ilpumeyanns: [UtHHbl JWHME  CBS3M INIPHBEACHR! M3 pacdeTa, 4YTO CONPOTHBICHHE
Npu6opras ABX BS5308-2 400 24-80 HArpy304HOrO pe3HcTopa pasHo 250 Om.
3KpaHHPOBAHHAs O3 THICH BS5308-1 200 24-80 Emroctn kabeneH Bastbi paBrbivu 400, 200 u 100 nd/M coorsercTBeHHO A4 [IBX,
BUTasd mapa nesonommen | Kerpen 7093 100 36 TTOJTHATHICHOBOH H IEHOTIOTHITHIICHOBOH H30 IALMH.
OKpaHUPOBAaHHBIH
MHOT'OXHTbHbIH 2.10.3
Kabets IBX Belden 8441 270 110 -1U. Ja3emjcHue
SxpanmpoBanHa Jins  usbexaHust BiAMSHMA BHEWIHMX HABOAOK HeobXoauMo
BHTaf Tapa : ‘ MMPpaBUJIBHO BBINOJIHSTE 3a3CMJICHUC. CurHasipHas LCIb JOJDKHa ObITH
'é“" "OM";"WPO" TONMITHACH Belden 9873 180 | 75 3a3eMJIeHa B OJHOM Touke. DkpaH Kabens Takke JODKeH ObiTh 3a3eMileH
nen. xabem i i
¢ Mol EMKOCTBIO : TOJIBKO B OOHOH TOYKE, U OH HC MNOJDKCH ObITh COCIHUHCH C KOpIlyCaMU
( ans RS-485) MO THIEH Belden 9729 73 f 160 MpruOOpPOB U KJIIEMMHBIX KOPOOOK, €C/H MOCICAHUE HE HU30JUPOBaHBI OT

30 31



3CMJIM. JTa €IMHCTBCHHAs TOYKA 3a3€MJICHHS OOBIYHO BBIMOJHSETCS
BOJIM3H TIIABHOTO YIIPABIISFOMIETO yCTPOHCTRA.

2.11. MHcTOYHHK MHUTAHUSA

OO6bIYHO HANPDKEHUE MUTAHUS NPUOOPHBIX Lienel cocTasisieT 24 B
(MOCTOSHHBIH TOK). DTOr0 HaNpsHKEHWA NOJHKHO ObITh JOCTATOYHO IS
obecrieuenust HOpMaIbHOM pPaboThl MONEBOrO YCTPOMCTBA C ydETOM
NaJCHNA HANpsOKCHWS Ha  kabene, HAarpy3oYHOM  pPE3UCTOpE M
HCKpO3aWMTHOM Oapbepe, €ciM MOC/HCAHUMI MCrosb3yeTes. B ciyuae
aBapUIHbIX CUTyalLMH ycTpoiCTBa MOryT MOTPEOIATh TOK A0 22 MA. DT0
3HA4YCHUE HYXKHO HCIOJIb30BATh NMPU pacyeTax MajJcHUs HAPSKEHUs Ha
AIEMEHTAX LENH [yl HAUXy JIIETO CITyvas.

CyuiecTBylOT ~ [IOMOJHHUTCIbHBIE TPeOOBaHUS i HUCTOYHHKA
matandus HART-curnanenoll 1ienu; oHM mepeuMcieHsl B Tadn. 2.6.
TpeboBanus Mo ypoBHIO MyJbCAlKil M 1IYMOB pa3pabOTaHbl U3 YCIOBHS
IIPEAOTBPALUCHUS TMPIMOro BIMsAHMA 3TUX (aktopoB Ha HART-curnan.
OrpaHMYeHHs MO WMICIAHCY MCTOYHMKA BBEICHBI I HCKIIOUCHUS

CITyYalHBbIX IEPEKPECTHbIX CBS3EH ICMEH, 3alMMTBIBAEMbIX OT OOLICTO
HMCTOYHHKA.

Tabnuua 2.7
TpeboBanrs K HCTOUHHKY NUTAHHUA

Makcumanbhbii pasmax nysnscauunii (47 - 125 I'n) 0,2B

Maxcumanbhbid yposens mymoB (500 T'u - 10 xI'n),
CPEAHEKBAAPATHUYECKOE 3HAUYEHHE 1,2mB

MaxkcuManbHBIH NOCNEA0BaTENbHBIH HMIEAAHC
(500 Ty - 10 xI'w) 10 Om

2.12. ITos10ca NpoNyCcKaHHA AHAJIOTOBOr0 CHTHAJIa

JBna  usbexanus B3aMMOBJIMAHHSA  Pa3HbIX COCTaBIIAIOIIAX
yHuBepcanbHoro HART-curHana  CkOpOCTb HM3MEHEHHMS AHAJOTOBOIA
COCTaB/IAIOIICH HA BBIXOAC NepelaTuHKa JO0/DKHA ObITh OrpaHHYEHa
4acTotor 25 I'u mocpencrtBoM Quibtpa ¢ kpyTtusHoit AUX 40 nb/mex.
Ilpuemunk HART pomkeH racuts sr000i CHrHAaZ, KOTOpPbIH MOXKET

NOJIyYUThCS [IOCTIE MPOITYyCKAHUA TOKOBOTO MeaHzapa 16 MA uepes Takoi
bubTP.
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2.13. HcnosnuTeabHbIE YCTPO#CTBA

JAnsi  MCIIONHUTENBHBIX YCTPOHCTB (TaKUX KaK IO3HLIMOHEPHI
3aaBIKEK U Ap.) cnernmdukarmy HART-11poTokona yUUTRIBAIOT PasHHILY
HMMIIEIAHCOB YIMPAaB/SIIOIIEIO0 YCTPONCTBA, KOHTpoJuiepa (master) MU
HCITOJIHUTEIIBHOTO yCTpOoiCTBa (slave).

B 3TOM ciyyae KOHTpOJUICD BBIZACT TOKOBBIH CHrHan 4-20 MA u
SIBJISIETCS  BBICOKOMMIICAAHCHBIM YCTPOHCTBOM (110 KpaliHel wMepe, Ha
MOCTOSIHHOM TOK€ M HU3KHMX 4acTOTax). MCIOJHUTENBHOE YCTPOHCTBO ke
UMEET JOBOJIBHO HHU3KOE COIpOTHBIEHHE (mopsgka 500 Owm). B
UICANbHOM CIy4Yae KOHTPOJIJIEP COXPAHSCT CBOH BBICOKHH HMMIICHAHC BO
BCeM 4acTOTHOM auanazoHe HART-curnana. Ilpu 310M TOKOBas
aHayoroBasi MOAYJSIMS MoOXeT ObITh coBmenieHa ¢ HART-curuaiom.
HcnonHuTeNnbHOE YCTPOHCTBO KaK MEPENATIMK HCMOJIb3YeT MOAYJIAIIMIO
o HanpsbkeHuio.  OOHAKO Ha TMPAKTUKE MHOTHE CYIHECTBYFOIIHE
koHTpoepsl (He HART) He oTBeHaroT ykazaHHBIM TpeOoBaHHAM I1O
HUMIIEaHCY, U HEKOTOpble naloT cOoit npu nosiBjaeHun HART-curaana.
OHM TalOKE MOTYT TEHEPHPOBATh ObICTPOMEHSIIOLIMMCS  aHAJIOTrOBLII
BBIXOJHOH CUTHAJ, KOTOPBIH MOXXET OTPULATEIBHO BITHATH Ha MG POBOH
HART-curnan.

®ougoM HART-xkoMMyHHKaIME W3laHbl OTAC/IBHBIE TEXHHYECKUE
pPEKOMEHJaUMH 110 3TOH TeMme. Beerna Hy»XHO NMPOBEPSATH COBMECTHUMOCTD
HCIOJHUTENBHBIX YCTPOUCTB U MX KoHTpoJuiepoB ¢ HART-curmasamm.
HWHorna MoOXeT o0ka3aTbCsi IMOJC3HBIM HCHONb30BaHUC (HIBTpa UIs
U30JISA1MH BEIXOAHOH 1iemu KoHTpoiuiepa oT HART-curnana.

2.14. /Ipyrue ycrpoiicTBa

Jpyrue aHanoroBbie yCTPOHCTBA, TaKWE KaK MHIUTHAMITEPMETPbI
WIA CaMOMUCLbI, MOryT OBITB BKJIOYWCHBI B 1leMb, €CIH OHH
yIOBIECTBOPSIOT TpeOOBAaHHUSAM MO MMIENAHCY, TMEPEYUCIEHHBIM B
tabn. 2.2. Ecnum camomucen JO/DKEH OTCICXKMBATh HAIMpPsHKCHHE HA
00pa3LloBOM pE3HCTOpPE MOpsAAKA HECKOJNBKUX OM, TO OH JOJDKEH OBITh
3allyHTUPOBaH KoHIeHcaTopoM aiis oTBona HART-curnana.

2.15. bapwsepnl fe3onacHOCTH

CucTeMbl co BCTpoeHHbIMH Oapbhepamu OezomacHOCTH (Dapbepamu
uckpoOe3onacHocTH) TpedyIoT 0coboro BHUMaHusA. KpoMme mpoBemeHMs
0oOBIYHON MpPOBEPKM HA MAACHUEC HANPSHKCHUSA B 1ENH, HEOOXOIUMO
MOMHHUTb, YTO MAKCUMAJIBHOE HANPsDKCHHE, [10aBaCMOE Ha MACCHUBHBIN
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IUOAHBIA oOrpaHuuuTesb-O0apbep, momkHO ObiTh Ha 0,6 B MeHbInE
o6braHOrO (03 HART), uT00BI 06CCNEUNTE HEHCKAKEHHOE TTPOIY CKAHHE
HART-curuana. 910 no3BOIHT U30eXaTh OTKpPbIBaHUS CTAOWIMTPOHOB B
MOMEHTBI NMKOB curHaja. IlocrmenoBaTenbHoe cOMpoTHBIIEHHE Oapbepa
JOJDKHO OBITh YYTEHO IIPH pacyere IOCTOSHHOW BPEMEHH LN  TIPH
TIpOBepKe COOIIOIEHUA TIPaBHIIa 65 MKC.

JIns Gonee CIIOXKHBIX AKTHBHBIX 0apbepoB MPHMEHSIOT IPYrHe
pacyeTHbIE CXeMbl. MHOTHe MPOU3BOANTENH Cceifyac npeiaraoT 6apbepbl
HUCKPO3AIMTBl Ha OCHOBE TMOBTOPHUTENEH-H30/ITOPOB,  CIICLIHAIBLHO
pa3paboTaHHBIX 11 HOpMAJIbHOrO NipoxoxaeHus HART-curnana.

B 3aBUCHMOCTH OT 3KBUBAJICHTHOH €MKOCTH H JPYTHX MapaMeTpoB
Oapeepa K HEMY MOXET ObITh MOAKIIOUCHO 10 4-X MOJEBBIX YCTPOUCTB.
IIpu 3ToM He cToMUT 3abbIBaTh, OMHAKO, O BPEOHBIX CBOMCTBAX
pacnpeneneHHoNH eMKOCTH Kabeneit MoKITIouaeMbIX YCTPOMCTB.

2.16. HART ¢ nepenayeii cHruaJja rmo HanpsixKeHUIo

Jns  MaJoMOmHBIX MOJIEBBIX  YCTPOHCTB  CYHIECTBYET
aJlbTepHATUBHAA dQu3ndeckas ocHoBa (¢usuueckuii cmoil) HART-
IIPOTOKOJIA, & KMMEHHO: A7 Mepeaayd B 000UX HATIPaBJIEHUAX YaCTOTHO-
MoaynuposanHbii HART-cUrHan HaknaneiBaeTCs Ha aHAJIOTOBBIM CHTHAJI
HanpspxenueM 1-5 B. TpeOoBanus 1mo HMIenancy YyCTpPOMCTB 37€Ch,
KOHeuHO, Apyrue. Ilpumenum  takoii HART-mpoTokoa TONBKO st
COCIMHEHHS yCTPOMCTB 10 cxeMe "Todka - Touka" (He nuA
MHOTOTOYEYHBbIX coenuHeHuil). Kpome Toro, orpanudeHa uiMHA JIMHHMA
CBA3M: OHa cocTasiseT 150 - 330 m.

2.17. HART Ha ocHoBe RS-485

Hekotopele  ¢upMmbl  (Bkirowas, Hanpumep, Micro Motion)
MPEAJIAraloT MPpUOOPLI, HCTIONB3YIOMIHE CTPYKTYPY H GOpMAT cOOOLICHH I
HART-ipotokona Ha ¢usndeckoM cioe RS-485 HE3aBHCHMO OT
AHAJIOrOBOr0 CHTHAJA. JTO 4YHCTO LM(POBOM CUrHay, 0€3 YacTOTHOM
MomyJauud. Ilpn Hanuunyu cOanaHCHpOBaHHOM, MMETOIIEH TIOIXOMSIIHTI
MMIIEAHC JIMHUM CBSA3H CKODOCTH MEpenadd MoryT mocturare 38 400
OuT/Cc, uTO MO3BONAET C OOJIBINCH YACTOTOM MPOMU3BOAMTH OTCYETHI TPH
usmepenusax. IIpu  ckopoctax, ornuusblXx oT 1200 GuT/C, BpEeMEHHBIE
COOTHOWEHNS st TpaH3akuui HART-npoTtokona 6yayT OTAMYHBIMH OT
CTaHIApTHbIX. TToAMEpPKMBAKOTCS MHOTOTOYEUHBIEC COSAMHEHH.
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2.18. Pe3ome

ITpotokonom HART oOmnuchIBacTCs 4acTOTHO-MAHHMITY IMPOBAHHBIH
curHan g o6MeHOB co ckopocthio 1200 6ox, HaJOXEHHBIA Ha
HH3KOYACTOTHBIA aHaoroBeiii TOKOBBIA cHruan 4-20 MA. ITockosbky
CpenHHi ypOBEHb YaCTOTHO-MAHUITYJIMPOBAHHOIO CUTHAjIa PaBEeH HYIIO,
OH HE OKa3bIBACT BIIMAHHUSA HA H3MEPESHMSA aHAIOTOBOTO CHTHAJIA.

Ecnu aHanorosblil cMrHain He TpeOyercsi, TO MOXKHO OpPraHH30BaTh
MHOTOTOUYEYHYH) CHCTEMY W MOJACOCAUHUTH MapaJUIENbHO [0 15 1mojesbix
YCTPOMCTB Ha OHY Tapy NMPOBOJOB.

VPpOBHM TIEpenaBacMoro CUTHAA M 4yBCTBUTEILHOCTh NPHECMHHKA
noabuparoTcs Takum 00pa3oM, 4ToObI 00ECTIeddTh paboTOCIIOCOOHOCTH
NpH HEKOTOPOM 3aTyXaHWH CHITHAla W B TO XK€ BPEMS YMCHBIUIHUTDH
BEPOATHOCTH BO3ACHCTBUS HABOTOK U NIEPEKPECTHBIX ITOMEX.

JIns MCKIIOYEHHs YPE3MEPHOTo 3aTyxaHus u HckaxeHuss HART-
CHTHAJIa BBEICHO TaK HA3bIBAEMOE "TIPaBWIIO 65 MKC": OTO OrpaHHYCHUE
Ha TIOCTOSHHYIO BpemeHd RC DIEMEHTOB CHCTEMBI, BKIIIOYAs EMKOCTh H
conpoTuBiicHue kabems. Kabemn ¢ Maiofi eMKOCTBIO MOTYT HMETh JUTHHY
10 2000 m.

3azeMieHre Kabens IO/DKHO ObITh BBITOTHEHO TONBKO B OJHOM
TOYKE.

HART-COBMECTHMBIM IIEPEAaTUMK JOJDKEH HMETh OrPaHHYCHHBIH
CBEPXy 4YaCTOTHbBIM IHAla30H aHATOrOBOrO CHIHAjlA Ul HCKIIOYCHHS
BIHAHHUSA ero Ha urdposoit HART-curuan.

Hcnonk30BaHue MCKPO3AUMTHBIX 0aphepoB TpeOyeT CIEnHManbHOro
PacCMOTPEHHs Ha TPEAMET COBMECTUMOCTH ¢ HART-curuanom.

Cymectyrot ocobbie pasnoBuanoctd HART-mpoTokona: mpoToKod
JUTSt HA3KOBOJIbTHBIX YCTPOMCTB M MPOTOKON Ha (U3UYECKOH OCHOBE
RS-485.
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I'nasa 3. llpoueaypa TpaHzakumw,
KOAMPOBAHHE M CTPYKTYPa coobmeHust

CouepxaHue 3TOH Trj1aBbl COOTBETCTBYET PACCMOTPEHHIO CHCTEMBI
Ha CJI0€ 2 - CITOE B3auMOAEHCTBHA JaHHbIX N0 Moermn OSI.

3.1. BzaumogaeiicrBue "master - slave"

HART-npoToKkoJ1 sIBISETCS OAHHAM W3 MIPOTOKOJIOB TUNA "master -
slave". OTo 03HauaeT, 4TO Kax/blii OOMCH JaHHBIMH WHULMHPYET master
(ympasjsoutiii - komnbloTep), a slave (moneBoe yCTpOMCTBO) TOMBKO
OTBEYAET, KOrja TOJyYaeT KOMaHAy, aJApPECOBAaHHYIO €My. DTOT OTBET
HOATBEPKAAET, YTO 3aMPOC MOIYYEH, H MOXKET COJCPIKATh 3alPOLICHHbIE
naneple.  JlomyckaeTcs cpa3y [Ba 3alpaliMBalOl[MX YCTPOKWCTBA, T.€.,
HallPUMEP, TJIABHBIM ynpaBjasioumii xomnblotep (primary master) u
py4Ho#i HART-kommyHnukaTop (secondary master). Tak kak ajzpeca y HHX
pasHeIC, TO KOKAbIM M3 HHUX CMOXKET MNONYYHTb T€ HaHHBIE, KOTOPBIE
3arnparnmsall.

3.2. llpoueaypa TpauzaKumu

HART sBifeTcss NONYAYIUIEKCHBIM MPOTOKOJOM; I10 OKOHYaHHH
KQXKJIOTO COOOIIEHUS €r0 UCTOYHMK OTKIIFOYAETCS, 9T00BI 6bUTA BO3MOXHA
nepefiaqa Co CTOPOHBI JPYrHX HCTOYHHKOB. YCTaHOBJIEHbI [paBMiIa
BPEMEHHOTO KOHTPOJIA HAJIMYMsl HOCHTENS 9aCTOTHO-MaHHITYJIMPOBAHHEIX
CHI'HAJIOB, COITACHO KOTOPBIM HOCUTENb JOJDKEH BKIIFOUMTHECS HE MO3THEE,
9€M 332 5 TaKTOBBIX HHTEPBAJIOB 10 crapta cooOlieHus (OHH
COOTBETCTBYIOT MpeamOyjic) M BBIKIIOYHTLCH HE DPaHee, YeM 4Yepe3 S5
TaKTOBbIX HHTEPBAJIOB MOCJE KOHLA I0CTIeAHEro Oaiita cooOluenus (0HH
COOTBETCTBYHOT KOHTPOJIEHOH CyMMe).

KouTponb TpaH3akumii ocylllecTB/isieT master. Eciu HET oTKMKa Ha
KOMaHay B TCYCHHC OXHIaEMOIO IIPOMEXYTKAa BPEMEHH, TO master
IIOBTOPAET MOCEUIKY. IIoCne HECKONIBKMX HEyAauHBIX IOMNBITOK master
oOpbIBAaCT TPaH3AKIMIO, CYWTasA, 4TO slave WM  KOMMYHHKaMs
HEHCIIPaBHBbL.

[locne 3aBeplieHMs KaxIOH TpaH3aKUMH master BbLIEPKHUBAECT
KOPOTKYIO Nay3y MEPeA MOChUIKOH CIEMYIOWEH KOMaH/bI, YTOObI Opyroi
master IIpd HEOOXOAMMOCTH ycHen "Bpe3aThCs" B KOMMYHHKALMOHHBIH
00MeH., TUNMMYHBIE JUIMTENBHOCTH COOOLICHMH U 3a[€pKeK TAKOBbI, UTO
BO3MOXKHO BBIITOJIHEHHE 2 TpaH3aKLMH B CEKyHIY.
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B T1abn. 3.1 npuBeneHel HEKOTOpbIE YIPOINEHHBIE [PaBHIIA
BPEMEHHOTO KOHTPOJIA TPAH3aAKIIHM,

3.3. HakeTHbI#i pe:kum

Mg goctmkeHus OONibIIMX CKOpOCTedl 0oOMeHA JaHHBIMH, B
HEKOTOPbIX MOJEBBIX YCTPOMCTBaX NPEAYCMATPHBACTCH  OITHOHHOE
BKJIIOYEHHE TaK Ha3bIBAEMOr0 MaKeTHOTO pexuma (burst-peskumM, HIH
“myneMeTHBIN” pexnm). Koraa 3T0T pexxuM BKIIIOUeH, slave HempepsiBHO
TNOBTOPAET MOCEUIKY AAaHHBIX. BKIIIOUEHHE U BBIKIIOUEHHE ITOTO PeXHMa
OPOU3BOHTCS CIICHMANBHBEIMUA KoMaHaamu (#107, #108, #109). Buytpu
3THX KOMaH/ COACP)KAaTCs U HOMepa COOCTBEHHO MCMOJIHIEMBIX KOMAaH]I.
ITpruem xomaHabl #1, #2, #3 NOWKHB NOAJCPKHBATHCH OOA3ATENBHO,
OCTallbHBIE - ONUMOHHO. Ilocne kaKaoH MaKeTHOM IMOCBUIKH BBOJMTCS
KOpOTKasi may3a Jans Toro, utoObl master MOT ToOCHaTe KOMaHy
OpeKpauleHus TMaKeTHOrO PEXMMa MM BCTABKH OAMHOYHOM TpaH3aKUUH
(nociie KOTOPOH MAKETHBIH PEXUM MPOIAOIIKASTCS).

[TakeTHBIH pEXHM NPUMEHHUM TOJBKO TOTAA, KOTJ[@ K BUTOM mape
MOZICOEAMHEHO TOJIEKO OHO MOJIEBOE YCTPOHCTBO. B makeTHOM pekume
MOXET mepeaaBaThesi 6omee 3 coobureHni B CEKYHITY.

Tabnuua 3.1
HexoTopsie npaBuna BpeMeHHOr0 KOHTPOINA TPAH3AKUUHI

YerpoicTBo U coobieHue BpemenHoit unTepsan

HecuuxpoHu3upoBaHHblil primary

master nochuUIaeT KOMaHay d4epes > 305 mc
HecuuxpoHusupoBaHHkiit secondary MPH HENPEPbIBHOM
master ochiIaeT KOMaHIy 4epes > 380 mc MOYaHHH HA JIMHHH

Hecunxponusuposanusiii slave
B 1AKETHOM PEXHME BBIIAET MOCHUIKY
C JaHHBIMH Yepe3 > 305 mc

CHHXPOHM3MPOBaHHbIH master
MOCBIJIACT KOMAHAY Hepe3 20* - 75 Mc | ocne OTKIMKA APY oMy

X0CTy

> 75 mc NOCe OTKJIHKA HA CBOKO
KOMaHIy
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Oxonyanue Tabn. 3.1

Slave B 0ObluHOM pexuMe

(He NakeTHOM) OTBE4aeT Ha KOMaHIy
yepes 0-256 Mc | mociie KoMaHabl
CHHXpOHH3HpOBaHHbIH slave

B [IAKETHOM PEXHME BbIAAET MOCHUIKY
C JAaHHBIMH  Yepe3 75 - 256 Mc | mocrnie cBoeH npeabiy ek
MOCBHIIKH

0-20Mc | nocie cBOEro OTKJIHKA
Ha KOMaH[y Bx0Ja
B NAKETHBIH PEXHM

[pumeaanns:

HuTepBanel OTMEPAIOTCA OT KOHIIA ITOCTCAHETO CHMBOIa KOHTPOIIBHOM CVMMEL.

B MOMEHT nepBOro BEIX0OA2 Ha THHHIO YCTPOHCTBO SIBAACTCS HECHHXPOHU3UPOBAHHKIM. OHO
CTAHOBUTCH CHHXPOHH3HDOB3HHBIM, KOTAA yCTaHABAHBAETCA IByXCTOpOHHHWiT obmeH. Ecmm Her
OTK/IMKa Ha KOMAHy, TO YCTPOHCTBO CHOBA CTAHOBUTCS HECHHXPOHH3HPOBAHHBIM.

* 20 Mc oxHIaHUA HE TPeOYyeTCs, €CM OTKIHK B JIAKETHOM PEXKHME aIpeCOBaH APYroMy
XOCTy (YCTpOHCTBY THIIA “master”).

3.4. KogupoBaHue

HART-coo0leHNsT  3aKOAMPOBAHBI KakK IMOCIEIOBATCIBHOCTH 8-
outHbIX cuMBOJIOB (OaiiToB). OHHM mepenaroTcsi MOCIENOBATEBLHO, C
HCIIONTb30BaHUeM of1nenpuHsToro cornamenus s UART-ycrpoiicTs
(Universal Asynchronous Receiver/Transmitter — yHMBepCaJIbHBIA
aCHHXPOHHBIH mTipHeMoniepenaTydk). Ilpy 3tom K OalTy nmaHbIX
N00aBNAOTCA €IIe CTapTOBBIH M CTONOBBIH OWTBI M OMT KOHTPOJIA
yeTHOCTH. [lonHas OUTOBas MOCIENOBATENBHOCT IOKa3aHa HA puc. 3.1.
Mnagummii 3Havammii paspsan D0 nepenaeTcst nEpBbIM.

oo |pi]p2]p3]palps [pe]p7]p | 1
Bur Cron-6ur
KOHT-
pons

4yeT-
HOCTH

Crapto-

<+——— Hudopmannonnpie —————»
Bblil OHT

OUTHI

Puc. 3.1. ®opmar nepeaasaemMoro cumBsosia

MHorue cpenctsa OPOrpaMMHPOBAHHUS HMEKT  CIELHUANbHEBIR
MHCTPYMEHTApUi I HACTPOWKM I[OC/eNOBaTeNbHbIX [OpTOoB IBM-
COBMECTHMBIX KOMIIBIOTEPOB (B T.4. OWTOB CTapPTOBBIX, CTOMOBBIX,
KOHTPOJIISl YETHOCTH ).
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Bo MHOrMX AaCHHXPOHHBIX TIOCIEIOBATEIBHBIX  IPOTOKOJIAX
nepeqayd NaHHBIX JOMYCKAIOTCS HE3ATlONHEHHBIC MPOMEXKYTKH MEXKRY
cumsosiamu. B HART 310 Henonyctimo. [Ipoben nmmrensHOCTHIO Gonee
BpeMeHH nepenaqu 1 Gaiita MoxeT ObITh PacIIO3HaH KaK OLIMOKa.

3.5. ®opmaT cooOmenus. /ITHHHBIA H KOPOTKHI dopMaThl

®opmar HART-cooburenuss ObuI npencrasieH Ha puc.l.4 (c.14).
[TosiHbIe MpUMepBI TpaH3aKKil NoapobHO paccMOTpeHb! B 3.14 (¢.43).

Pannue Bepcun HART (mo HART Revision 4 BKIIOUHTENBHO)
UCIIOJTB30BAIH KOPOTKUM (opmar cooblueHus. B stom dopmate ampec
HoJIEBOTO  ycTpoiicTBa ectb J6o O (11 OZHOTOYEYHBIX CHCTEM,
MCIIONB3YIOLIMX TOKOBBIA curHan 4-20 MA s usmepenuit), mi6o 1-15
(oo MHOroTOYeYHBIX cHCTEM). Takas KOpoTkas ¢opMa agpecanuu
W3BECTHA Kak olpocHas aapecauus (polling).

B msrofi Bepcun HART-npoTOKOna BBENEH TaK Ha3bIBAEMBIN
MHEBI  dopMaT cooblrenuii. B HeM azmpec MoOneBOro yCTpoiCTBa
TIpeACTaBIseT Co0ON YHHKaNbHbIM HaeHTU(UKATOp - 38-OUTHBIA HOMEp,
coOpaHHBId M3 KO#a (PUPMBI-TIPOM3BOAMTENS, KOAA THMA YCTPOMICTBA H
3aBOJICKOro HoMepa ycTpokictBa. Ha puc. 3.5 mokas3aHa CTpyKTypa 3TOro
HOMepa. OToT ¢opmar Oojiee HANEKEH, TaK KaK MOJEBOE YCTPOKUCTBO
Ayymie  3alMIEHO  OT  BO3MOXKHOCTH — TIpHeMa - COOOLIeHHH,
npenHa3HaYeHHbIX JPYTMM  yCTpoicTBaM BCIIENCTBHE, HAmpuMep,
BHEIIHUX WJIM MEPEKPECTHBIX MOMEX. JTOT (opMaT paclmpseT Tawke
BO3MOXKHOCTH aApecaliii B OONBINNX CHCTEMaX (HalpuMep, OH I103BOJISET
OpraHu3oBaTh OOIMHIM KaHaJl pagHOCBA3d C OONBIIMM KOJHYECTBOM
y1aJICHHBIX [0JIEBBIX YCTPONHCTB).

Ctporo roBops, YTOMAHYTHIM YHHKAJIBHBIA HIECHTU(HKATOP HE
sBJseTcs abCOMOTHO YHHKAIBHBIM, TaK Kak U3 8-O0MTHOro Koma QupMbl-
IIPOM3BOAMTENS HMCIONB3YETCA TOJbKO 6 Miuaamux Outr. Xotd, Aaxe B
MHUPOBOM Macurtabe, BEPOSTHOCTh TOBTOPEHHS 3TOr0 HAECHTU(HKATOpa
OYEHb Maja - MOXET BCTPETHTHCHA TOIBKO 4 YCTpO#CTBA C ONHHAKOBBIM
HOMEPOM.

BOJIBITHHCTBO COBPEMEHHBIX XOCT-YCTPOWCTB TIOANEPKUBAET Kak
KOPOTKH#, TaK ¥ JUTHHHBIN (opMmar coobmenuii. [losTtomMy oHM MoryT
paboTaTh Kak CO CTApbhIMH, TAK B C HOBBIMH IOJIEBBIMH yCTPOHCTBAMH.

Cornacio Bepcud HART 5 (1 Oonee mo3gHuM) J0ObIe IOJIEBBIE
YCTpOMCTBA JO/DKHBI OTKITHKAThCH Ha KoManay #0 (UTeHue yHUKaJIBHOIO
uneHTudurkaropa). Xoctr (master) UCMONb3YET 3TY KOMAHIY B KOPOTKOM
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(dopmare npu NepBOM B3aHMOACHCTBHUH C IMOJEBLIM YCTPOWCTBOM, KOraa
YHHKJIbHBIA HAEHTH(HUKATOP €Ile He NPOYMTAH. 3aTeM, TIONYUHB OTKITHK,
B KOTOPOM COZEPKUTCA W HH(OpPMALA 0 BOZMOKHOCTH pabOThI MOJIECBOT0
yCTpO#CTBA C JUIMHHBIM (POpPMATOM, XOCT peEIlaeT, B KakoMm (Qopmare
TOAET AanbHekHIas paboTa ¢ JaHHBIM MIOJIEBBIM YCTPOHCTBOM.

3.6. llpeamoOy.ia

ITpeambyna conepxut ot 5 10 20 uieCTHaAUATEPHYHBIX CUMBOIOB F
(BCcE enuHHLEBI). OTO IMO3BOJSICT MPHUEMHUKY CHHXPOHM3MPOBATHCH C
YACTOTOH CHI'Hajla M HOCTYMAOIMM T[OTOKOM CHUMBOJIOB  IIOCIIE
obnapyxeHus HART-curnana, a Ttake obecreyuBaet HEOOJBILYIO
3a0€PKKY, TpeOylolyrocss Ui CMEHBl pexuma 'mpuem / mepenava”
MOJIEMa TI0CIIE OKOHYaHHUS KOMAHEI.

Tlepas mombITKa: CBA3KM JAOMKHA coaepkath 20 CHMBOJIOB B
npeamOynie; 3T0 0OECIeUMBACT HAMIYYLIYI0O CHHXPOHU3AIMI. B oTKNnKe
Ha komanny #0 coxepxurcs 6onee TouHas UHMOPMaLKs O TOM, CKOJIBKO
CHMBONOB B NpeaMOyse AOCTATOYHO sl padOThl C JAHHBIM IMONEBHIM
YCTPOMCTBOM.

3.7. CtapToBblii cuMBO.JI

CraproBmii cuMBon B HART-cooOlieHMM HMeET OXHO M3
HECKOJIBKUX BO3MOXKHBIX 3HaueHuil. B HeM comepxutca uHdopmaims o
TOM, KaKoi GopMaT COOOLLECHUS UCTIONB3YETCS (KOPOTKUH WM JTMHHBIN ),
UCTOYHHUK COOOIIEHHsT M TO, ABNAETCA JIH COODLUEHHE IIAKETHRIM. B
Tabn. 3.2 MOKa3aHbl BO3MOXKHBIC BAPUAHTHI 3HAYEHHH CTAPTOBOrO
CHMBOJIA (B IIECTHAILUATEPUHHOM (hopMare).

Tabnuua 3.2
CraproBsplit cuMBON
Tun coobuenns Kopotkuii popmar Hﬂﬂl;l;blﬁ dsc;BMaT
Master — Slave 02 82
| Slave — Master 06 86

Slave — Master
B TAKETHOM PEXHME 01 81
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TIpuHuUMalomMe ycTpoiicTBa BOCIIPUHIMAIOT B KA4E€CTBE CTAPTOBOrO
TOT CUMBOJI, KOTOPBIH UAET cpa3y Ioclie rnpeaMOyibl (a 3TO MO MEHbIuEH
mepe nBa FF cumBona). CrapTOBBI CUMBON TOJHOCTEI) MOXKET OBITH
uneHTHGUUUpOBaH coaepkuMbiM O6utoB 0, 1, 2 u 7. IlpemnoxeHo B
nocyienyrowux sepcusix HART-npoToKoa HCoib30BaTh OMTH S U 6 i
ONUCAaHUs HATWYUS WA OTCYTCTBUS JOMOJHWTENBHBIX OAHTOB MeXIy
IOJISIMH aJipeca U KOMaHIBbI,

3.8. Aapec

Ilone ampeca conepWT Kak aIpec XOCTa, TaK U AAPeC IMOJIEBOrO
ycTpoiicTBa. OHH coaepkaTcs B €IUHCTBEHHOM OaiiTe Mmpu KOPOTKOM
dopmate cooOEeHHH UM B msTH HaiiTax npu UIMHHOM dopMare.

T T T
0|0 | SA—

1 ] il

B

M
L Burst mode LSlave address (4 bits: polling address)

MA
LMaster address
Puc.3.2. Crpyxrypa aapeca upu KOpoTkoM popmMare cooOienus

IMepBbiii GakT | Cnenyromue 4 Gaiita

1 T I T L
< SA >
I | | I ]

MA (BM
L L Burst mode Slave address (38 bits: unique identifier)
Master address

Puc.3.3. Crpykrypa anpeca npH ZnuHHOM GOpMaTe COOOIIEHHS

B oboux dopmarax crapmuii OUT 0OBIUHO ABISETCA OAHOOUTOBBLIM
aZpecoM Xocta. A Bcero MoxeT ObITh He Oosiee ABYX pa3HBIX XOCTOB
(gampumMep,  ynpaBnsiommid  KommeioTep u pydyHoid  HART-
KOMMYHHKATOp). YHOMSHYTBIH OHT BBOIMT paziuduue MEXKAY HHMH:
primary master uMeer aapec 1, a secondary master - 0. B makeTHbpIx
COOOLLUCHHAX OpPraHU30BaHO MO-APYroMy: B HHMX CTapimmii OMT anpeca
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yCTaHaBJIUBAETCA TIonepeMeHHo To B 0, TO B 1; 3TO MaeT BO3MOXKHOCTD
K&KIOMY M3 XOCTOB IPEPBATh MAKCTHBIM PEXHM.

Tarke B o000MXx (QopMarax CHEIyIOIMUH 332 CTapliuM OUT
yCTaHABIMBAETCA B 1 JUIs HHAHKALMH TOTO, YTO COOOLLEHHE MOCTYNacT C
MOJICBOI'0 YCTPOMCTBA B MAKETHOM POKHME.

B kopoTkoM opMmaTe TOJEBBIC YCTPOHCTBA HMEIOT OMPOCHBIN
anpec (polling address) B muanasone oT 1 10 15. 3TOT HOMED B IBOUYHOM
Koz€e 3aHMMaeT 4 Muaalux OHTa eIMUHCTBEHHOTO ajapecHoro Oaita. B
nmuaHOM opmare polling address He ucnomb3yercs.  Bmecto Hero
UCTIONB3YOTCA 38 OMT maTHOAHTHOrO MO ajapeca, 3aHMMAEMBIX TIOT
YHHUKaJIbHbIH HMICHTH(HUKATOP MONEeBOro ycrpoicrsa. Ha puc.3.2 u 3.3
[IOKa3aHbl JBE OMUCAHHAIE CTPYKTYPBI aiPECALlHH.

B mumnHoM ¢opmate aapec 0 (38 OWT, 3alOJHEHHBIX HYIISMM)
MOXET OBITh HCIIONBb30BaH Kak "LIMPOKOBEINATENbHBIA" aapec A
COOOLIEHH, aJ[PECOBAHHBIX BCEM TOJIEBBIM YCTPOHCTBAM. 3TO BO3MOXKHO
TOJABKO B TOM Cilyyae, €CJIH JTaHHbIE B COOOLUCHHM ONpENETAIOT, KaKoe
TIOJIEBOE YCTPOHUCTBO MOJDKHO OTBETHTH. Hanpumep, NpH nogade KOMaHbl
#11 (YTeHHe YHHKATBHOrO HACHTH(PHKATOPA, ACCOUMHPOBAHHOTO C T3rOM)
06BIMHO HCHONB3YIOT ajgpec 0 ¥ 3aMHCBIBAKOT TOI B MOJIE JaHHBIX. B
WTOTE TMOJYYAI0T COOOILEHHE ¢ KOMaHJOH BCC MOJICBBIE YCTPOWCTBA, a
OTBEYAET TOJILKO TO, KOTOPOE COOTBETCTBYET MEPECAAHHOMY 3HAYCHHIO
Tara.

3.9. KomaHaxblit 6aiT

KoMauHbli 0aiiT COuepKUT TENOYHCICHHYI0 nepeMeHnyo (0 - FD
B ILECTHAAUATCPHYHOM mpeactaBieHun HiaH 0 - 253 B JecATHYHOM),
COMOCTABISEMYIO C OJHOH W3 KOMaHA. OTO 3aKOJAHPOBAHHOC 3HA4YCHHE
TIOBTOPSAETCS 3aTE€M B OTKJIMKE MOJIEBOI0 yCTPOWCTBA. B rnase 4 naHbl
TOIpOOHBIE CBECHHS IO KOMaHAaM.

3.10. CueTunk OaiiTos

Crenyromee 1ojge B CTPYKTYpe - CUETYHK OalToB. OTO moje
3aHuMaeT 1 OaiiT, Ky#a 3anmchIBacTCS WLENOEC YHCIIO, TOKa3bIBaIOLIee
KOJIMMECTBO OCTAaBUIMXCA 0aiiToB, (OPMUPYIOLIMX coOOLUeHHE (T.€.
CEKIIHIO CTAaTyCa W JaHHBIX; OaliT KOHTPOJIBHOH CyMMBI CIO/Ia HE BXOMHUT).
[IpueMHoe yCTPOUCTBO UCTIONB3YET 3TO YHCIIO JUTA HACHTHOUKALNK OakiTa
KOHTPOJIBHONW CYMMBI M JIISl ONpEJEICHUs] MOMEHTA KOHLia COOOLICHHMA.
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Tak kak moJie JaHHLIX OrPAHMYEHO MO MAakCUMyMy 25 Oaltamu, TO
3HauYEHHE, CoIep)Kailieecs B CueTunke OaiToB, MoxeT ObITh OT O 10 27.

3.11. Hose craTtyca

Cratyc (umu "kom oOTBeTa") BKJIIOYACTCA TOABKO B OTBETHOE
coobueHne ot nojesoro ycrpoiicrsa. OH 3anmceiBaercs B 2 Galita u
CONEPXKUT UHPOPMALHIO 00 OLTHOKAX KOMMYHHKAIIUH, CTaTyCe ITPHHATOM
KOMaH[bl (HampUMep, O TOM, YTO YCTPOHCTBO 3aHATO, KOMaHIA He
pacrosHaHa M T.I.) M TEKYIUIEM COCTOSHHM TIOJIEBOTO YCTPOHCTBA.
Konuposanue ctatycHol ungopmaruu onucato paiee B 4.14.

3.12. llone maHHbBIX

He Bce kOMaHmpl MM OTKJIMKM Ha HHUX COJEpXaT AaHHbie. Te,
KOTOPBIC HX COACP)KAT, JIOJDKHBI COOTBETCTBOBATh OOLIUM TIPABHJIAM I10
BPEMECHHOMY OIPaHMUYCHHIO TPAH3aKIUH, a 3TO 3HAYWT, YTO pa3Mep IOJs
JIAHHBIX HE JIOJDKEH MPEBBIIATH 25 OaliT (HapyUIeHHE 3TOr0 OrpaHUYCHHUS
pornyctuMo b s HART RS-485, NOCKOMBKY TaM HCHOIB3YHOTCS
Oosnee BHICOKHE CKOPOCTH KOMMYHHKAITHA).

Hanusie MoryT ObiTh B (OpPME IIETBIX YHCEN, YHCEN C IUaBarolleit
TouKko# mu cuMBoioB ASCII. KomuuecTBo 0aiiToB naHHbIX U GopMmat ux
HpPEeACTaBICHUS OMUCHIBAIOTCSA TS KKI0H KOMaH bl MHAUBHAY AJIbHO.

3.13. KonrpoJibHasi cymma

BalAT KOHTPOJILHOM CyMMBI COAEPXKHT Ppe3yJbTarT TOOWUTHON
onepauun "Hckmouaromee MJIM" (XOR) nan Bcemu Galitamu coobLIeHuMs
HayuHasg CO CTApTOBOIO CHUMBOJA. TeM CambIM, Hapsny C IPOBEPKOH
YETHOCTH B KaxjaoM OaifTe, 00ECHEUMBACTCS KOHTPONb LEJIOCTHOCTH
nepenaud. Takas kOMOWHAIMS KOHTPOJBHBIX ONEpalii rapaHTUpyeT
obHapy>xeHHe 10 3-X "HCOpUCHHBIX" OUTOB B COOOLICHHUH.

3.14. IIpumepn! Tpan3akimii

Ha puc. 3.4 u 3.5 noka3adpl MpUMEpPbl TPAH3aKIUH 1711 KOPOTKOTO ¥
IJIMHHOTO (JOPMATOB COOTBETCTBEHHO C OOBSCHEHHEM COICP)KHUMOro
Ka&KIOTO Mojs. 3HaueHus 0aiiToB noKa3aHbl B LICCTHAALIATEPUIHOM BUIE,
a TOJSA agpecoB, KPOME TOrO, JIOTIONHUTENBHO pPa30UTHI HA JBOHYHbBIE
pa3pazpl.



Or xocTa K rnonesoMy yCTpOHCTBY:!

| FF | FF| FF I FF [FF] 02 ] 82 Jor [ oo ] 81 ]
| PREAMBLE 'STRT‘ADDR[ COM |BCNT CHK‘
0
Koporkuii dopmar, Read
OT X0cTa PV
82
1000 0010
] anpec 2
HenakeTHblH
pexuM

Or noneBoro ycrpoiictsa k XocCTy:

[FF]FF;FFRFF}FFl 06‘ 82 | ot } 07 100100{06]40‘B0i00100§74i

| PREAMBLE lSTRTIADDRECOM BCNT [STATUS DATA ICHK[
7 OK SII 5.5 |
Koporkuii dopmar, Read
OT IMONIEBOT0 yCTPOHCTBA PV

Tak xe xak B 3anpoce
OT XOCTa

Puc. 3.4. Tlpumep Tpan3akuuu kopotkoro dopmara
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OT X0CTa K 10JIeBOMY YCTPOHCTBY !

['FF [ FF | FF | FF [FF| 82 [A6[ 06 [BC[61 [4E[ 01 [ 00 | BO |

r PREAMBLE \ STRT I ADDRESS COM | BCNT | CHK |
| Read 0
Jlnuusastii hopmar, PV
OT xX0cTa
A6 06 BC 61 4E
1010 0110 0000 0110 1011 1100 0110 0001 0100 1110
L ]
[napHblé ‘] VHHKaNIbHBIH naeHTHHKaTOp
XOCT 10 0110 0000 0110 1011 1100 0110 0001 0100 1110
1 [ ] L l i
Henaxernuii Tun yerpoiicTea WneuTudukaiuoHHbIH
PEHKNM 06 = 3051C (3aBOACKO#) HOMEp
y CTpoHCTBA
IIpon3sBoauTens
38 = Rosemount

OT nosieBoro yCTPOHCTBA K XOCTY

| FE[FF[FF [FF[FF] 86 [A6]06 [BC]61[4E] 01 | 07 [00]00]06]401B0[ 00 0045 |

[ PREAMBLE [strr]  ADDRESS _ |cOM | BONT[STATUS DATA
I Read{ 7 \ OK PsI 55
JUtnnusii dopMar, PV

OT NOJIEBOro ycTpoHcTRa

Tak e kak B 3anpoce
oT XocTa

Puc. 3.5. Tlpumep Tpan3akumu amHHOTO hopmara




3.15. Pe3rome

HART sBisercs npoTokoioMm, MOCTPOEHHBIM MO cXeme "master -
slave".

JlonyckaeTcs 10 IBYX aKTHBHBIX XOCT-yCTPOHCTB.

Kaxxnoe coobienne conepx it aapeca Ha3HAYEHHUS 1 UCTOYHUKA.

Cymectyer nBe Qopmbl agpecaliu MOJNEBOrO  yCTPONCTBA:
KOpoTkas opMa (s CTAapbIX yCTPOWCTB U HAYATLHONH MICHTHHMKALIM
YCTpOHCTBa) W JUtMHHAs (OpMa, OCHOBAHHAS HA CICHMATBHOM KOJE
YHHKAIbHOH NICHTU(DUKAIIMH.

B KaXIbI OTKIMK TONEBOro YCTPOCTBA BKITHOYAETCH CTATyCHAs
MHGbOpMaLHA, MHIHLMPYIOLIAs COCTOSHUE YCTPOHCTBA.

KoHTpons 4eTHOCTH B GaiiTaX ¥ BBIYUCIIEHNE KOHTPOIBHON CyMMbI
COOOIIEHNS IOMOTArOT OGHAPYXKUT MCKAKEHHS HHAOPMALIHTH.

Kaxmyro cexyHIy: BBIMONHSETCS 2 TPaH3aKUMH. B MAKETHOM
PEXUME MOChLIaeTCs 3 COOOIIEHUS B CEKYHITY .
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I'naBa 4. Komanabl, naHHble M cTarTye

4.1. Beenenue

B aroii rnaBe gaercs knaccugmkaius HART-koMana U AeTaiu3anys
CTPYKTYpP JaHHBIX, COOTBETCTBYIOMIMX WM. OIHCHIBAETCS TAKKE
KOJMPOBKA M 3HAYEHHE CTaTYyCHOW MHGOpMAalMH. DTO COOTBETCTBYET
YPOBHIO 7 - YPOBHIO IPHIIOKEHUH - coriacHO Moaenn OSI.

4.2. Komanasl

Komannueiii 6aiit comepxut 1ienoe uucno (ot 0 xo 253, uiM
FDy¢), mnpencrasnsmomee coboii Homep oaHoii M3 kxomaHx HART.
Hekotopete HOMepa Komana (31, 127, 254 u 255) 3ape3cpBHpPOBAHEL
Komanpa "254" MOXET ¢TaThb OCHOBOH MEXaHHW3Ma PaCIMPEHHSA, €ClIU B
Oy nyem noHano0uTCs OobliIee KOMMYECTBO KOMAH]I,

HART-koMaH/BI pacrpenieieHsl 0 TPEM IPYIINaM: YHABEPCATIBHEIE,
001mIeyTOTPeOUTENbHBIE U CrieLN PUYHELE.

YHUBepcanbHBIE KOMaHIbl WMeET Homepa or 0 g0 30, obwe-
ynotpebureneHsle - of 32 10 126 u crneum¢uunbie - or 128 g0 253.
ITpumeper komaHn npusogwince B Tabm. 1.1-1.3. Bonee moapoGuoe
OMUCAaHUE MOKHO HAHTH B Tabn. 4.2-4.4. Tam He ONMCHIBAETCH TONBKO
Fpynna cneuMGudHbIX KoMau. J{ns 03HaKOMJIEHHs ¢ TAKMMH KOMaHJIaMH
HEOOXOIUMO 03HAKOMUTECSA c (dupMeHHOM JOKyMeHTanuei
MPOM3BOINTENS KOHKPETHOTO YCTPOHCTBRA.

OOmeynoTpebutenbHple  KoMaHael #123 wu #1226  sBisoTcs
JOCTYTIHBIMH TOJIBKO U IMpou3BoauTeneil ycrpoiicts. OOBMHO OHH
MCIIOJIb3YIOTCA B Mpouecce COOpPKM M HAcTpOMKM Uit COXpaHEHHs
HHQOPMALIMH,  MAEHTUGHULMPYIOLIEH  YCTPOMCTBO, -  HaNpUMeED,
MICHTH(QUKALIMOHHOTO HOMEpa, KOTOPbI 3aT€M YK€ HE MOXET
M3MEHATHCA TNONb30BaTENAMU. YacTo 1A aKkTHBALMM TAKMX KOMAH]
TpebyeTcs BBOJ apodIs.

4.3. Komanae: #0 1 #11

Komanner #0 u #11 ucnone3yrorcs A1 uaeHTHPUKALIMKA TTOJIEBOTO
ycrpoiictBa. Hauunas ¢ 5-i Bepcuu HART Bce KoMaHab! MMEIOT JJTHHHBIN
(dopMat npeacTaBieHns JaHHBIX, HO KOMaH1a #0 BCeraa BOCIPHHUMAETCS
B kopoTkoM (opmare. Or1o mosBomser HART-macrepy (Xocty)
HIEHTHOULIPOBATH HEU3BECTHOE TIOJIEBOE YCTPOMCTBO O€3 MPOYTEHHS €10
YHUK2JIBHOTO HMIEHTU(PUKAIMOHHOrO HOMepa. JlaHHBIE B OTBETE Ha
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koMaunay #0 comepxar KoOJ MPOM3BOAUTENS, KOI THIA YyCTpoiCTBa
(MPUCBOCHHBIA  MPOM3BOAMTENEM) M  HACHTH(QUKALMHHBIA  HOMED
ycrpoiictea (ID). U3 3toii mHpoOpMauMu MacTep caM CTPOHMT yHHUKAJIBHBIA
MACHTU(UKALIMOHHBIA HOMED [UTS €r0 MOCIEOYIOWEr0 HCIOIb30BaHUS B
KOMaHJaX JTHHHOTO (opmMara.

OOpatuBumcy k 1abn. 4.2 u 4.3, MOXKHO YBHICTh pasHHLy B
CTPYKTYpax JaHHbIX KoMaHabl #0 11s pasHbIX Bepcuii HART-npoTtokosa.
Tak, B BepcuHd 4 Tak Ha3blBacMbIA "KOJ THUMA IE€peNaTdMKa” OINLMOHHO
pasOuBaeTcs Ha 2 OaliTa: KOI MPOMU3BOJIHUTENS H KOJ THIA YCTPOHCTBA.
Ecnu B mepBoM 6Gaiite TaHHBIX 3amMcaHo duciio "254" ("pacuiupenue”), T0
ocjeaytonme Oaitel pazduBaroTcs Ha 2 rpymmsl. B Bepcum 5 Takoe
pa3Ouenue obszarenbHO. KpoMe TOro, 3aBOACKOM HOMED yCTpOHCTBa
(Homep (uHANBEHOW COOPKH) 3aMeHEH HACHTU(HUKALMOHHBIM HOMEDOM
(ID). .
Bee XOCTBI AO/DKHBI yMETh pabOTaTh BO BCEX MEPEUYHCICHHBIX
Cllydasix, €Clii OT HHX TpeOyercs rulkas padora ¢ JMHOOBIMH BEPCHAMU
HART (Bepcusmu 5, 4 u Oonee paHHUMH). B mocienyrommx BepcHsx
HART-npoTokosa mpeamnonaraercs O00aBUTb €II€ HECKOIbKO OalT
JAHHBIX B OTKJIMKH Ha 3Ty KOMaHy it boJiee AeTanbHON CrienHprKaiuu.

OOBIYHO XOCT HAYHHAET KOMMYHUKAI[MOHBIH 00OMeH ¢ KomaH bl #0, ¢
mojuIHHr-aapecom 0; 3areM aapeca ckaHupytorcs or 1 mo 15, ecnu
IpeTyCMOTpeHa MHorotoueunas pabora. Ecium noseBoe ycrpoiicTBo
NOANEPKUBACT BEPCHIO 5 WK 00Jee MO3HIOW, U TITH M0COESAUHIEMbIX
YCTPOWCTB YK€ H3BECTHBI, XOCT MOXKET HCIIOJb30BaTh KOoMaHiy #11 ¢
JUTMHHO(OPMATHBIM aJI[PECOM CO BCEMU HYIISIMHA U € T3TOM, COBNAIAOILAM
¢ MaHHbBIMH B Komas/e. [lojieBoe yCcTpoicTBO OYAET OTBEYATh TONBKO B
CJlydae COBIAjeHUs ero COOCTBEHHOTO TIra C yKas3aHHbIM. [laHHbIE B
OTBETE HAa KOMaHAy #11 MACHTHYHBI TAKOBBIM UL KOMaHIbl #0, 1 MacTep
TAXKe MOXET Cco0paTh YHHUKAJbHBIA HWIACHTH(QUKALMOHHBIA HOMED
yCTpOHCTBA [UIsi €ro TMOCTEAYIONIEro  MCNOJb30BAaHHUA B KOMaHAAX
IUTMHHOTO (popMara.

4.4. Komanasl #1, #2 u #3 u um noaoOHbIe

OTH  KOMaHpl TpefHa3Ha4eHbl U YTEHHWA  HM3MEPEHHBIX
IIEpEMEHHBIX B pa3nuyHbIX Gopmax. Komannsl #2 u #3 HHUUMHDYIOT
BbIla4y TMOJICBbIM YCTPOWCTBOM 3HA4YEHHS BBIXOOHOTO Toka B
MUJUIMAMIIEpaX. 3TO 3HAYCHHWE COBMNAJACT C TIJAaBHOM (HEPBUYHON)
nepemerHoil (PV), HO TOJBKO B TOM Ciydae, e€ClIH OHO HAXOIUTCH B
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npefesiax yCTAHOBJIEHHOTO [Mana3oHa M HE MHAMUMpyeTcs ommbka
[IEPEMOTHEHHUS, U TIPH 3TOM YCTPOHCTBO HE HAXOAUTCA B MHOTOTOYEYHOM
pexuMe, KOra ypoBeHb CHrHaIa PUKCHPOBaH Ha YPOBHE 4 MA.

['maBHass mepemeHas PV wu 1pyrue IMHAMHYECKHE I[EPEMEHHBIC,
BO3BPAIAEMBIC [10 3THM KOMaHJaM, HE OTPaHHUYEHBI YCTAHOBJICHHBIM
JHAra3oHOM HM3MEpPEHUS W MOTYT IPONO/DKATh H3MEHSATHCA B Ipelenax,
JIOMYCTAMBIX [JIs AaT4uka. [103TOMy, HalpuMep, TeKyllee OTHOCUTENBHOE
3Ha4YeHHe (B MPOLEHTaX OT JWala3oHa), BO3BpALIacMOE KOMaHOOH #2,
MOJKET TPUHUMATH 3Ha4eHus ke 0% u Boie 100%.

Komanna #61 sksuBajieHTHAa KOMaHje #3, OHa IpenaHa3zHadYeHa i
paboThl ¢ MpubOpamMu, UMEIOUMIMMHU AHAJTOTOBYIO BBIXOIHYIO BEJIHYHHY,
OTJIUYHYIO OT TOKA.

[lo xomanme #110 Take BO3BPALNAIOTCS  JUHAMHYECKHE
NepEeMEHHbIE, HO 0€3 3HAYCHHS YPOBHS aHAJIOIOBOI0 BBIX0/A.

AHajoryyHass komadja #33 mossomser BeiOpaTh 10 4-x
HAHTEPECY IOLMX NIEPEMEHHbIX.

JUst MHOrOmapaMeTPHYECKHX YCTPOHCTB (CO MHOXKECTBOM BBIXOZIOB)
koMannaa #60 TmO3BOJNSET CUYHMTHIBATH KaKOH-TMOO OIMH BbIOPAHHbIH
aHAJOTOBBIN curHaym (M €ro MpOIEHT OT AWala3oHa), a KoMaHzma #62
obecrnieunBaeT BRIOOP M CYMTHIBAHHE MHTEPECYIOLICH COBOKYNMHOCTH H3
4-X aHAJIOTOBBIX BBIXOIOB.

4.5. Komanaa #6

Komana #6 ycTaHaBTHMBAaET OMPOCHBIHA al(pec M0JIEBOTO YCTPOKCTBA.
Ecnu o ycraHosiieH B 0, yCTPOMCTBO HOPMaJbHO paboTaeT B pexume
"TOYKa-TOYKA", TeHEpHpys AHAJOTOBBIA BBIXOMHOH CurHayl. Ecmm 3TOT
ajzipec uMeeT 3HadeHue ot 1 10 15, cuctemMa pabOTacT B MHOTOTOYEHHOM
PeXHME M BBIXOHOMH TOK IT0JICBOTO YCTPOHCTBA QUKCUPYETCS HA ypOBHE 4
MA.

4.6. Komauabr #12 - #19

DTH KOMaHAel CHOyXar A YTEHHS WIH 3allUCH  pa3jIn4HOH
yTouHstome uHGopMalK (CTATHYECKUX JaHHbIX). JleTanbHO OHHU
orucanbl B Tabu. 4.2. B uetBeproii u Oonee panHux Bepcuax HART stux
KOMaHJ[ BooOIIe He cyiecTBoBano. MX (yHKIHHM BBHINOJHANA KOMAH[BI
#4 u #5 (cMm. TaOn. 4.3), B KOTOPbIX KPOME KOMAHJbI YKa3bIBA€TCA €IIe
HoMep OJioka uHTepecyromel HHGOpMaLH.



4.7. laHHbie

He Bce kOMaH/BI M OTKJIMKH HA HHX COJEPKAT JaHHbIE. J[JIs Tex xe,
KOTOpBIE CONECPIKAT JaHHBIC, pesepBupyercs no 25 Oalit (Bripouem, B
HOBbIX BepcHax HART-nporokona ero paspaborumku ofemaror oboiitu
3TO OrpaHHUYeHuE). JJaHHBIMHU MOTYT SBJIATBCH:

- uesbie yuena: 8-, 16-, 24- uiun 32-paspsjaHble;

- 9MCNia ¢ TUTaBarolIei TOYKOH oaMHapHOM TOYHOCTH (B (popmaTe
IEEE 754), KoTOpBIE HMEIOT CTPYKTYPY BUJA:

. SEEEEEEE | EMMMMMMM | MMMMMMMM | MMMMMMMM |

rae S - 6uT 3Haka uucna (1 - munyc, 0 - mmoc), E - GUTBI IKCTIOHEHTBI,
M - GHTBI MAHTHCCBI; YUGIIO NPEACTABIACTCS B Biie X=M-2F;

- CTpoku cuMBOJIOB B Koie ASCII (ymakoBanubie 1o 4 cuMBona B 3
Oaiita);

- HYMEPOBAHHBIE JJICMEHTRI CIIMCKOB, KOAUPOBAHHEBIC KAk 8-OHTHBIC
Lensle,

Ecni pesynbTaT BbLIMONHEHHS KOMAH/bI HE ABISETCA YCIIELIHBIM
(MHmMuMpyeTcs cTatyc "error'), B OTK/IMKE HE COJCPXKMTCA JIAaHHBIX. B
YCTICIUHBIA OTKJIMK HA HEKOTOpbIE KOMaHMbI (HArpuMep, Tuma "write")
BKJIIOYAIOTCA TE€ JaHHBIC, KOTOPbIE [MEPEIABAINCH I 3alHUCH HWIH
ucnosHeHus. OHM OepyTCs yke U3 TMaMATH M0JIEBOrO0 YCTPONCTBA, UTO
MO3BOJIAET POKOHTPOINPOBATE BEPHOCTH HCIIOJHECHUS KOMAHbI.

BaiitoBass CTpyxTypa JaHHBIX, KaK MpaBHI0, CrienuduyHa a7s

KaX[0i koMaHael. HekoTopele nMoapoOHOCTH puBeneHsl B Tabia. 4.2
44.

4.8. HymepoBaHHbI€ 31€MEHTHI CIIHCKOB

310 0COOBI M OuYeHb pacrpocTpaHeHHbiii B HART-npoTokose THI
JAaHHBIX, B KOTOPOM I[IPHHATO KOAHUPOBATH LCNbIM YHCIOM BO3MOMKHBIE
AJbTCPHATHBHBIC BApUAHThI /I HEKOTOPOU CMBICIOBOH MepeMeHHoil. B
1abi. 4.1 mpHBeNCHE HEKOTOPBIE NPUMEPBL [IpHBECTH MepedeHb BCEX
UCTIONB3YEMBIX CITHCKOB 3JIECh HET BO3MOXXHOCTH. I10APOGHOCTH MOXKHO
y3HaTh B MOJIHOM ONUCAHMH TeKyIel Bepcun HART.
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Tabnuua 4.1
HymMmepoBaHHble 371€MEHTBI CITHCKOB

IlepemenHas 3HadeHus
Uneutndukarop 1-249, ycranosnens ®onnom HART-komMMy Hukauui
IPOU3BO AUTENA |
Hasxauenue ycrpodictea | 0-249, ycTanaBIHBAIOTCS Kak IbIM TIPOU3BOJHTENEM :
Epununbr usMepenus 0-249, nanp. 6 - psi, 7 - bar, 32 - °C, 33-°F u 1.0
Pynkuns npeobpasosanus | 0 - nuHeliHan, | - kBanpaTniHan U T.A ‘
Martepuan 0-249, nanp. 2- Hepx. crans 316, 10 - PTFE,

18 - xepamuka

3amura OT 3anmHCcH 0 - He 3amummero, 1 - 3ammmeHo i !
YrnpasieHue akeTHbIM 0 - BBIXOZ M3 MaKETHOrO peskrma, | - BXOM B peXHM
PEXKHMOM
®uzuyeckuid HocHTENb 0 - nByx4acrotHsii Tok (Bell 202),
CHrHana 1 - nByx4acrotHoe Hanpsoxenne (Bell 202),
H IPOTOKOJT 2 - RS-485, 3-RS-232

4.9. MHoronapamMeTpH4YecKHe TepeaaTIHKH

HekoTopbie ycTpoiicTBa  M3MepsIOT OoJiee ONHOW (PU3HYECKOI
BEJIMYHHBI. Kak yxe oTMewanoce, cywectByror HART-xoMaHmsl,
KOTOPBIC MO3BOJIAIOT  BO3BpALUATh A0 4-X pPE3yJbTATOB HU3MEPEHHH B
01HOM COOOLIEHHH. B HEKOTOPBIX MHOIONAPaMETPHYECKHX yCTPOHCTBAX
HabOp H3MEpAEMBIX BEIHYHH NPEJONPENENIEH, a B HEKOTOPBIX
MOJIb30BATEAb CaM  MOXKET BbiOpath 4 u3 250 Tak Ha3BIBAEMBIX
"TIEPEMEHHBIX NIEPENATYHKA ", OMTPEIEICHHBIX JUI JAHHOTO YCTPOWCTBA.

Komanaet #50 - #56 paboratoT ¢ TakuMH "mepeMeHHBIME
nepenaTyuxa’, HM3MEpAIOMMH HMX JAaTYHKAMH W HX JHAma3oHaMH.
Hanpumep, xomanma #51 1o03BOJIMET HA3HAYWTH  "IEPEMEHHBIE
nepenaTunka" Juii rnaBHod (PV), Bropoit (SV), Ttpetbeit (TV) u
uetBeproi (FV) mepemennbix. Ilocie 3TOro OHM  MOTYT MHOrOKPaTHO
CUMTBIBATECH C HCIOJIL30BAHHEM KOMaHIBI #3. HecKonabKo Mmo-apyromy
paboTtaer xomania #33. OHa MO3BOJISET OMHUCATh 10 4-X "MEPEMEHHBIX
repefaTydka”, BKIIOYAEMBIX B OJMH ONWKAHMIMA OTKIMK [TOJIEBOTO
YCTPOHCTBA.

MHoronapameTpudeckue nepelaTUHKH  MOTYT — Takke  HMMETh
BO3MOXHOCTE TEHEPHPOBATh O0Jiee OJHOIO aHAJIOTOBOTO BBIXOJHOTO
cUTHaJa. AHAJOrOBBIE BBIXOABI, [POHYMEPOBaHHEIE ¢ 1 mo 4,
COOTBETCTBYIOT AMHAMHUUYECKUM TiepeMeHHBM (PV, SV, TV u FV). Dtu
AHAIOrOBBIE BBIXOJBl COBEPLICHHO HE O00A3aTeNBHO BCE  JIOJDKHBL
NpeACTaBsiATh co00ii TOKK B auanasoHe 4-20 MA. 31ech, HAPUMED, AaKe
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4yacTOTa CYHATACTCA AHANOTOBOW BenM4yMHOH. C ympaBieHWEM TaKWMH
aHAJIOTOBBIMH BBIXOJIAMH CBA3aHbLI KOMaH bl #60, #62 - #70.

4.10. Coanble Ta0AHLBI KOMAH]

B npencraBmeHHbIX nmanee TabnmMmax THN JaHHBIX (B CKOOKax)
yCIIOBHO 0003HaueH OnHONH OyKBOM B COOTBETCTBHH CO CICAYIOLIMM
COTJAIIEHHEM:

A - ctpoka cumBoJioB ASCII (no 4 cumBosna B 3 Oaiita),

B - 6uToBble Quiary,

D - nara (3 Gaiita: neHs, Mect, roa (2 nociaeaaue uudpsi)),

F - uncno ¢ nnapatomeit Toukoii (4 6aiita no crangapry 1IEEE 754),

H - hardware revision - 6aiiT B hopmare XxxXX yyy (XXXXX - BEPCHsA
anmnapaTtHoro Oo0ecTiedeHUs, YyY - KOO (PU3MYECKOr0 HOCHTEIS CHrHaja
(cM. Tadm. 4.1)).

HekoTopele KOMaHIBI B TOH WM HHOW CTENEHHW XyOIMpYIOT ApPYr
Japyra. O1o ocoOEHHO OTHOCHTCH K Ooree mosmHum BepcusM HART, B

1

KOTOPBIX HOBBIE KOMaHAbI CYUIECTBYIOT Hapsay CO CTapbIMH
(OCTaBIEHHBIMH s COBMECTHMOCTH c YCTpOHCTBaMH,
OPUCHTHPOBAHHBIMHU Ha paHHUC BepCI/IH).
Tabnuna 4.2
YHupepcanbuble koMaHanl B 5-it Bepcun HART
Komanna JlaHnubie JaHubie B oTkNuke  (THM)
U ee HoMep B KOMaHze
(Tun)
0 UYrenwue yHu- HET baiit 0 - "254" ("paciupenue™)
KQJIbHOTO HJEH- Baiit 1 - kon npousBoauTens
TuduUKaTopa ycr- baiit 2 - koa THNA yCTPOUCTBA, IPHCBOEHHBIN
poiicrBa [POH3BONUTEIIEM
baiT 3 - TpebyeMoe KONHYECTBO CHMBOJIOB
npeaMOy bl
BaiiT 4 - Bepcus yHUBEpPCAIBHBIX KOMaH]
Baiit 5 - Bepcus cnenudHUHBIX KOMaH
Baiit 6 - Bepcus nporpaMMHoro OecnieyeHust
batir 7 - Bepcus annapaTHoro obecnedeHus
§ (H)
'Baiit 8 - ¢naru ¢yHkumi yerpoiictsa B)
?BaﬁT 9-11 - uneHTUdUKAUUOHHBIA HOMED
;YC’I‘pOHCTBa (iD) l
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Iponomkenue Tadn. 4.2

1 UYrenue rnas- HET Baiit 0 - k01 eAHHHUIIBI H3MEPEHHs

HOM mnepeMeHHON Baiit 1-4 - nepeuuHasA nepeMeHHas )
2  UYrenwe ab- HeT Bait 0-3 - TOok (MA) €3]
COMIIOTHOTO H OT- Baiit 4-7 - tox (% oT nuanasoHa) (F)
HOCHTEJILHOTO

3HAUEHHH TOKA

3  UreHue 3Ha- HeT Baiit 0-3 - rox (MA) (1))

4yeHHH TOKa

W YeThIpeX IMHa-
MHYECKHX IHepe-
MEHHBIX

BaiitT 4 - Koz enMHHLIBI H3MEPEHHA TJIaBHOH
nepeMeHHoit PV

Baiit 5-8 - rnaBHas nepemenHas PV F
BalT 9 - KOZ enUHHLBI H3MEPEHHA BTOPOH
nepeMeHHod SV

Baiit 10-13 - propass nepemenHas SV (03]
BaiiT 14 - xon enuHHULIBI H3MEpEeHUs. TPETbeH
nepeMeHHoit TV

BaiiT 15-18 - tperps nepemenHas TV (F)
Ba#tr 19 - xon enMHHLIBI H3MEpEHHs YeTBep-
TOM nepemeHHon FV

Baiit 20-23 - yerBepras nepemennas FV (F)

(O6wee xoa-Bo Oait Moxer Owbith 8, 13, 18
i 23 B 3aBHCHMOCTH OT  4MCHa
M0JUIEPKHBAEMbBIX NIEPEMEHHBIX)

6 3anuce on-
POCHOro aapeca

baiit 0 - onpocHbIf
azapec

KakK B KOMaHae

11 Yrenue yHu-
KaIbHOrO  HMIEH-
tudukaropa, ac-

Baiit 0-5- tar  (A)

Badit 0-11 - xak B xomangae #0

COLIHUPOBAHHOTO

C T3TOM

12 UYrenue co- HET Baiit 0-23 - coobmenne (32 cumBosa) (A)
obienus

13 Yrenue T3ra, HET Baiit 0-5 - tar (8 cumBosIOB) (A)
JECKPHUITOPA Ba#iT 6-17 - neckpuntop (16 cumBonoB) (A)
W J1aThl Baiit 18-20 - nara D)
14 Yrenue uH- HeT baiit 0-2 — cepuiiHbli HOMep AaT4HKa
dopmauum o Ba#t 3 — koI eqUHHULIBI H3MEpEHUs

JATYUKe TJIaBHOM
nepeMeHHod PV

Baiit 4-7 — Bepxuuii npenen usMepenus  (F)
BaiT 8-11 — uuxuuil npenen usmeperus (F)
Baitt 12-15 — munuManbubiit quanason  (F)
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Oxonuanue Tabdn. 4.2

Tabnvua 4.3

YuusepcanbHble komanas! B Bepcusax HART 2, 3, 4 (otnu4us ot Bepeuu 5)

15 Yrenwne BuI- HeT baiitT 0 - kox BeIOOpa aBapHiHHOH CHTHaJH3a-

XOmHOH  uHQOp- LMK

MaLHH ‘baitr | - xon dyHKUHH TpeoOpa3oBaHus
iBaiiT 2 - X0/ emHHHLLI H3MepenHns PV
'Baiit 3-6 - Bepxuuii npenen auanasona  (F)
baiit 7-10 - HmkHUE npenen auanazoHa  (F)
Baiitr 11-14 -speMs ycnokoenwus (c) (F)
Baiit 15 - xoz 3amKMTBI OT 3aIMCH
baifit 16 - kon creumanbHOM METKH ITUCT-
pubbioTopa

16  Urenwue 3a- HET baiit 0-2 - nomep koHeuHOH cOOpKH

BOJCKOTO HOMEpa
(HomMepa KkoHeu-
HOH cOopkH)

KaJbHOTO HACH-

| Komaunau ee JlaHHbIE B Janubie B oTkiIHKe  (THI)
HOMeEp KOMaHIne
(Tun)
0 YreHve yHH- HET baiit 0 - ko4 THIA nepenaryuka

baiit 1 - xonnuectBO CUMBONOB MpeaMOy bl

17 3anuce
cooOLeHus

[EeHHe
(32 cumBoma) (A)

Baiit 0-23 —  coob-

KakK B KOMaHa¢e

18 3anuce Tora,
JECKPHIITOPA,
JaThl

Baiit 0-5 — Tar

Baiit 6-17 — nec-
KPHIITOD
(16 cumBonos) (A)

Baiit 18-20 - nata

D)

Kak B KOMaHIe

(8 cumBosioB)  (A):

i

TudHKaTopa BaiT 2 - Bepcus yHHBEPCATBHBIX KOMAH]
yCTPOMHCTBA baiit 3 - Bepcusa cienHUUHBIX KOMaHI
baiit 4 - Bepcus nporpaMMHOTO
obecneveHus
baiit 5 - Bepcus annapatHoro obecrnieueHus
(H)
Baiit 6 - gnaru gyuxumii yerpodicrea  (B) |
baitt 7-9 - 3aBonckor HOMep ycTpolcTBa |
(HOMep KOHE4HOH cOOpKH) |
4 Urenne 06-|banr 0 - 6ok NeQ |Baiit 0 - 6ok Ne 0 !
MMX CTATHYECKHX Baiit 1-24 - cooOmenue (A):

manubix (Onox 0):

Yrenne coobiue-
HUS
4 Urenne 06~ Baiir 0 - 610K Nol

OIMX CTATHYECKHX
nanHbix (Onok 1):
Urenue Tara, neck-
pHIITOpA M AATHI

Baiit 0 - 6ok Nel

bairt 1-6 - Tor (A)
baiit 7-18 - neckpunrtop A)
Bai#iT 19-21 - nara (D)

Baiit 22-24 - "250"

19 3amnuce 3a-
BOICKOTO HOMepa
(Homepa KkOHeu-
HOWM COOpKH)

KOHEYHOH cOOpKH

Baiitr 0-2 - HoMmep’

KaK B KOMaHI¢e

i
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4 Urenne 006-
IIUX CTATHYECKHX
JaHHex (Onok 2):
Urenne wnudopma-
LIMH O JaTYHKe

Ba#r 0 - Gnok Ne2

Baiit 0 - Gnox Ne2 '
Baiit 1-3 - cepuiinbiii HOMep HaT4MKa

Baiit 4 - ko enuHHUBI H3MEPeHHs

bait 5-8 - BepxuHMH mnpenen u3aMmepeHUs
(F)

Bbait 9-12 - HmKHHE Tpenen H3MEpEHHs
(F) |
baiit 13-16 - MHUHHUMaJbHBIH JHANA30H |
(F)

bait 17-24 - "250"
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Oxkonuanue tadn. 4.3

4 Yrenne 00-
MX CTATHYECKUX
nanubix (6nox 3):
YreHre BBIXO/I-
HOH HH}popMauuu

Baiir 0 - 6ok Ne3

Baiit 0 - 6ok Ne3

Bait 1 - kon BeIOOpa aBApHHHOW CHIHANH-

3auvu

Baiir 2 - ko ¢y HkLUKMK npeoOpa3oBaHus
Bai#iT 3 - ko4 enHHHULBI M3MepeHus PV
Baiit 4-7 - Bepxuuit npenen guanasoHa (F)
Baiit 8-11 - HuxkHUE Mpenen auanasoHa

Baiit 12-15 - BpeMs ycnokoeHus (¢)
Baititr 16 - kom 3amMThEl  OT
("1" = "samuweno") *

baiit 17 - xon cielianbHOM METKH
auctpubbroTopa **

Baiit 18-24 - "250"

* 250" unmn "251" B Bepeuax 2 u 3

** 250" B Bepcuax 2 u 3

(F)
(F)

3anrMCH

5 3anuce 0obmmMX
CTaTHYECKHX
nansbix (6rok 0):

Baiit 0 - 6nox NeO
Baiit 1-24 -
coobmenne  (A)

Kak B KOMaHagE

JaHHbIX (6ok 1):
3amucr Tara, nOe-
CKpHIITOPa, AaThl

Basit 7-18 - nec-

KPUITOP (A)
Baut 19-21 — gara
D)

baiir 22-24 - "250"

3amice  cooliue-

HHUSA

5 3amuchy obmmx|baiit 0 - Gmox Nel KaK B KOMaHze
CTaTHYECKHUX Baur 1-6 — a1 (A)

5 3anuch  oOmux
CTaTHYECKUX
naHHbIX (61ok 4):
3anuch HOMEpa
KOHe4HOH cOopku

Baiit 0 - Grok Ned
Baiit 1-3 - HOMEp
KOHEYHOH cOopKH
Baiit 4-24 - "250"

KakK B KOMa”Hziae

11-19

DTuX KOMaHI HeT B Bepcusix, 00Jiee paHHHUX, YeM BepCHd 5
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ObweynoTpeGuTENbHBIE

Tabnuua 4.4
KOMaH/Ibl

Komanga
M ee HOMEDP

JlaHHble B KOMaHae

(Tum)

JlaHHbBIE B OTKITHKE (Tumn)

33  Yreuue ne-
pPEMEHHBIX Tepe-
aaTyvka

Baiit 0 - kon nepeMeHHOR
nepenaryyka uis cnora 0
Baiit 1 - ko nmepeMeHHOH

nepenaryuka Juis cnota 1

baiiT 2 - koa nepeMeHHOH
nepeaaTyuka Juis cnota 2
Baiit 3 - kon mepeMeHHOR
nepeaaTyHKa JUId cJiota 3

(ManHbie MOTYT OOPBIBATHCS

HOCTIE TOCTIEAHETO
3anpoieHoro Koaa)

Baiit 0 - kox mepeMeHHOMH Nepe-
naryuka s cinora 0

Baiit 1 - ko4 e1UHHLIBI H3MEpEHUs
s cnora 0

Baiit 2-5 - nepemenHas

st ciota 0 (F)
Baiit 6 - ko4 mepeMeHHOM Nepe-
maryuka s ciora 1

Baitt 7 - kon €1HHHULBI H3MEPEHHUs
s cnora 1

Baiit 8-11 - nepemennasn

qutst cnora 1 (F)
Baiit 12 - xon nepeMeHHOH nepe-
JaTyMKa JUIs cioTa 2

Baiit 13 - xoa eAWHULIBI H3Mepe-
HUA UIA CJI0Ta 2

Baiit 14-17 - nepemeHHas

Juts cnoTa 2 (F)
Baiit 18 - xox nepeMeHHOH nepe-
JaT4dKa 1y crorta 3

Baiit 19 - xoa eaAHULIBI H3Mepe-
HUs Ui cioTa 3

baiit 20-23 - nepemenHan

s cnora 3 (F)

(HanHuble MoryT 06pbIBaTHCA MO-
cle nmocneAHeH BbLAAHHOH Nepe-
MeHHOH)

34 3anwuck 3ua-|Baiit 0-3 -  Bpems ycmoko- Kax B KOMaHze
YEHHUSt  BpeMeHH|eHus (C) (P
|ycriokoeHuUs

35 3anuchp npe-
ZIEJIOB H3MEPEHHUS

Baiit 0 - xOn €OWHHLIBI H3Me-

peHMs

Baiit 1-4 - BepxHMi penen

Baiit 5-8 - HIKHMI Npenen

(F)
(E)

Kak B KOMaHae
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Ilponomxenue Tabn. 4.4

36 Ycranoska
BEPXHErO 3Have-
HUS  JManasoHa
(cooTBeTcTBYET
HXKATHIO KHONKH
" Iuanazon")

HET

HET

37 YcranoBka
HIKHEro 3Hadve-
HUS  JAManasoHa
(cooTBeTcTBYET
HAXATUIO KHOMKH
"Hom")

HET

HET

38 Copoc drara
"Koudurypauus
u3MeHeHa"

HET

39 VYmnpasneuue
3y

Baiit 0 - xox ynpasnenus [13Y*

* 0 - sanmucarts B [13Y,
1 - xomupoBatk coaepxumoe [13Y
B O3Y

KaK B KOMaHIe

40 VYnpasnenue
pexxuMoM  uk-
CHpPOBAHHOTO
TOKa

Baur 0-3 - 3HAY€HHUE TOKA
(MA) * ¥

* 0 - BrIX0A H3 pexuma

KaK B KOMaHe

41 Brinonuenue
CaMOTECTHPOBa-
|HUS yCTPOHCTBA

HET

42 BoimonHenue
cOpoca xocT-ycr-
podcrea |
43 Hacrpours
HOJTb TIaBHOH
nepemenHon PV

HET

HET

HET

HET

44 3anuce enu-
HULBI H3MEpPEeHHs
[JIABHOH Te-
pemensoit PV

bair0 - kon
H3MEpEHHUSs

€IHHHULb]

KaK B KOMaHae

45 Hacrpowurs
Honb 1TAIL

banr 0-3 - 3HAYEHHE TOKa
(MA) (F)

KaK B KOMaHae
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IIponomxkenue tabn. 4.4

46 HacrpouTtb
ko3 dunuent
npeoOpa3oBaHHs

HAIL

Baitr 0-3 - 3HadeHHe TOKa
(MA) (F)

KakK B KOMaHze

147 3anuce dyHk-
uH npeodbpaso-
BAHHS

Baiir0 -  xox QyHKuHH
npeoOpa3zoBaHus

KdK B KOMa”zue

48 UreHue no-
MONMHHUTENIbHOTO
craryca ycTpoH-
cTBa

HET

bair 0-5 - craryc yerpoiicrea  (B)
Baiit 6-7 - paboune pesxuMsl

bair 8-10 - ananoroBblie BHIXObI,
HaxozsAmuecs B Hackimenun  (B)
Banit 11-13 - ananoroBble BbIXOADI,
uMeromHe GpuKCHpOBaHHEIE
3HA4YEHUSA (B)
baitr 14-24 - cratyc ycrpoiicrea (B)

49  3amuce ce-
puHHOTO HOMEpa
JariMka TIaBHOH
nepemenHor PV

banr 0-2 - cepuitnbld HOMEp
narduka

Kak B KOMaHje

50  Yrenue xo- HeT Baiit 0 - kom nepeMenHoH mnepe-
JIOB MEepPEeMEHHBIX JaT4rKa JUIs [IaBHOH repeMeH-
rnepenarivka, co- Hoit PV
OTBETCTBYIOIMX baiit 1 - konm mnepeMeHHO# mnepe-
JHHAMHYECKHM Jard¥ka s BTOPOH MepeMeH-
NEPEMEHHBIM HO#M SV
Baiit 2 - xon mnepeMeHHOH nepe-
JaTHHMKA A1 TpeTbeH MmepeMeH-
Hoit TV
bait 3 - kox nepeMeHHOM nepe-
Iart4uKa g YeTBEPTOW  Tepe-
menHo# FV
51 3anuch komoB|bait 0 - ko;m mnepeMeHHOH KaK B KOMaH[e
NEpeMEeHHBIX [ie-|mepenariuka IJi Tnae-
penar4mka, COOT-|HOH nepeMeHHoH PV
BETCTBYIOMHNX bafir | - kon nepemeHHoOU
OHHAMHYECKHM  |llepenaTiuka st BTO-
nepeMeHHbIM po# mepeMeHHoR SV
Bait2 - koo mepeMeHHOH
niepeAaTHHKa UL Tpe-
Thel nepemeHHoH TV
| Baiir 3 - kon mnepeMeHHoM
i nepesaryuka I 4eT-

Beproi nepemenHoi FV
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IIpononxenue tabin. 4.4

52 YcraHOBHTH
HOJb  TIEpEMEH-
HOH nepenaTyHka

Bakit 0 — xoxm nepemeHHO
TiepeAaTinKa

KakK B KOMaHae T

53 3anuch enu-
HHULBI H3MEPEHHS

Baiitr 0 — kom mnepemenHoOH
Hepenariuka

KaK B KOMaHae

miss mepeMeHHoH|baiit 1 -  kom  emuHuIbBE

nepenaryHka HU3MEPEeHHS

54 Urenne wun-Baiit0 — koa mepemennoii|Bait 0 — kom mepemenHoi mepe-|

¢dbopmanuu nepenaTyuka JIaTyuKa

O  NEepeMEHHOH baiit 1-3 — cepuiinbiii HOomep apart-

nepenaryHka YHKa JUlA IEPEMEHHOH nepeaaTunka
baiit 4 — ko1 enUHHIIBI H3MEPEHHS
baiit 5-8 — BepxHHii mpenen usme-|
PEHHsA )
Baiit 9-12 — HuxHHit npeaen usMe-
peHust (F)
baiit 13-16 —Bpems ycnokoenus (c)

),

bairr 17-20 — MUHUManbHbId nHa-
na3oH (F)

55 3anuce Bpe-|baiit 0 — kox nepemenHoH KakKk B KOMaHze

MEHH  YCHOKOe-|Nepenarynka

Hus mua  nepe-|bafit 1-4 - BpeMsl

MEHHOI rnepenar-|ycnokoeHus (c) F)

YHKa 4

56 3amuch ce-|baiit 0 — koa nepeMeHHOI KaK B KOMaHze |

PUHHOrO HOMeEpa|nepenaTyuka

natyuka  nepe-ibaiT 1-3 ~ cepuiiHbiii HOMED

MEHHOH Nepenar-|aaryuka F

JHKa

57 Urenue Tora,
Jeckpunropa H
Jatel aas Onoka

HET

ba#it 0-5 — tar (8 cumBonos) (A)
Baiit 6-17 - neckpurrop (16 cum-

BOJIOB) (A)
Baiit 18-20 — nara (D)
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Ipomonxenue Tabn. 4.4

58 3ammch TIra,

Baiit 0-5 - Tar (8 cumBos1OB)

Kak B KOMa"Hac

JIECKPHIITOpA H (A)
narbl ans Onoka  |baiir 6-17 - neckpunTop
(16 cumeonoB.) (A)
Baiit 18-20 - nara (b)
59 3anmch konu-|ba#t 0 - KOTHUECTBO KakK B KOMaHJie
yecTBa CHMBOJIOB|CHMBOJIOB  mpeaMOy bl
npeamMOy bl
B OTKJIHKE
60 Yrenne|baiiT 0 - kon aHanoroeoro Baiit 0 - kox a”HanoroBoro BeIXoHa

3Ha4YECHUs aHalo-
TOBOro BbIX0OJa

BBIXOJA

Ba#it 1 - kox €IUHMIIEI H3MEDECHHSA
Baiit 2-5 - 3HaueHHe aHaNOroOBOTO
BBIXOZA (F)
Baiit 6-9 - oTHOCHTeNnbHOE
3HAUYEHHE  aHalloTOBOIO BbIXOJA
(8 % o1 AmanasoHa) )

61 Urenune 1u-
HAMHYECKMX Tle-
PEMEHHBIX H aHa-
JIOTOBOT'O BBIXOA

HET

Baiit 0 - KOI €AMHHIIBI H3MEPEHHS

aHAIOrOBOH BETHUHHBI

Baiit 1-4 - 3HaueHHe aHANOrOBOH

BEJTHYHHBI F)

Baiit 5- koa enAMHULIBI U3MEPEHHUS

I71aBHOH NepeMeHHoH PV

Ba#T 6-9 - rnaBHas nepemenHas PV
(¥)

Baiit 10 - ko e AHHHIIEI H3MEPEHHA

BTOPOil mepeMeHHoH SV

Baiitr 11-14 - BTOpas nepemes-

Has SV F

BaiiT 15 - kox eMHHUIILI U3MEPEHHA

Tperbe nepeMenHon TV

Baiir 16-19 - Ttperbs mepemen-

Has TV (F)

Baiit 20 - kox eaMHUIIBI H3MEPEHHS

4eTBEpTOH nepeMeHHol FV

Baiit 21-24 - yeTBepTas nepemMen-

Hai FV (F)

(OGuee kon-Bo GaiT MOXeET ObITH
9, 14, 19 unu 24 B 3aBHCHMOCTH OT
yMcNIa MOAIEPKHBAEMBIX EPEMEH-
HBIX)
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INMponomxenne tabn. 4.4

62 Urenwme 3Ha-
YEHUW aHaIoro-
BBIX BBIXOAOB

baiit 0 - kox Homepa anano-
rOBOTO BBIXOJa 1A cioTa 0
baitT 1 - kon Homepa anano-
rOBOT'O BhIXOMA AJNs cioTa 1
baiir 2 - kox HOMepa anano-
TOBOTO BBIXOJA IS CIOTA 2
baiir 3 - xox Homepa awano-
rOBOTrO BBIXOJA IS CJOoTa 3

(Hannbie MoOryT obpeiBaThCA
T1OCJIE€ TIOCJIEIHEro 3arpolue-
HOTO KOJa)

baiitr 0 - xox HOMepa aHaOroBOrO
BbIXOJA s ciota 0

baiit 1 - xox enuHKHLEBI U3MEpEHHS
s ciiota 0

Baiirt 2-5 - 3Ha4yenue BeIxOAa

s ciota 0 (F)
baliT 6 - kox HOMEpa aHaTOroBOro
BBIXOJA 114 cioTa 1

baiit 7 - xon eauHuub U3MEpEHHS
st coTa 1

BaiiT 8-11- 3nauenue BrIXOna

s crora 1 (F)
baiit 12 - xox HoMepa aHanorosoro
BBIXOAAa yIs cjiora 2

baiit 13 - ko1 equHULEI U3MEpEHUS
s cioTa 2

BaiiT 14-17 - 3nauenue Boixona

Jutst cioTa 2 (F)
baiir 18 - xon HOmepa ananorosoro
BBIXOJA IJIsA CJIOTa 3

ba#t 19 - ko equHULE H3MEPEHUS
s ciioTa 3

Baiit 20-23 - 3nauenue BrIXONa

JUTA ¢ioTa 3 (F)

(HaHHble MOTYT OOpbIBaThCs MOCTE
MOC/IEHEr0 BBIAAHHOrO 3HAYEHHS
BBIXO/1A)

63  Urenue
uHdopmauun
00 aHAIOrOBOM
BBIXOZE

baiit 0 - kon HoMmepa anano-
rOBOTO BBIXOa

baiit 0 - kon HOMepa aHanoroBoro
BBIXOJA

baiit 1 - xon BeiOOpa aBapuiinOMH
CHTHATH3aUHH

Baiir 2 - xox ¢dyskuud npeobpaso-
BaHHsI

baiir 3 - koJ enMHHULEI H3MEPEHHS
Bafit 4-7 - Bepxnunit npenen awuana-

30Ha (F)
batit 8-11 - HuxHUI npenen nuana-
30Ha (F)
baiir 12-15 -Bpems ycnokoenus (c)
(F)
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64 3anucbp Bpe-
MeHH  yCIIOKOe-
HHA pasiic| aHa-
JIOrOBOTO BBIXOAA

baiitr0 - kom  Homepa
aHaJIOroBOIO BBIXOJA
baiit 1-4 - Bpems ycrnokoeH#st

Kak B KOMaHze

65 3amucp rpa-
HUL  JAMana3’oHa
s aHATIOTOBOTO
BBIXO/a

KakK B KOMaHae

66 YrnpasieHnue
pexxumoMm  ux-
CHPOBaHHOIO
3HAuU€HHus aHalo-
rOBOrO BbIXOJA

(c) ()
baiir0 - kom  Homepa
aHAIOroBOr0 BBIXOA

baiitrl - kox enuHMUBI
H3MepeHus

baiit 2-5 - BepxHwmii npenen
IUana3oHa D)
Bai#t 6-9 - Huxuul npenen
JIvanasoHa (F)
balir0 - kom  HoMmepa
aHaJIOroBOr0 BBHIXOAA

baiit1 - «xox eauHHMLBI
H3MEpEHHUS

Baiit 2-5 - dukcupyemoe
3Ha4YECHHE  aHAIOrOBOTO
BbIXOHA* (F)

* - HEYUCOBOC 3HAYEHUE TIPHBO-
JHT K BRIXOAY U3 PerkpMa

KaxK B KOMaHJe

67 Hacrpoiika
HyJii aHaJOroBO-
IO BBIXO4a

Bbaiit 0 - xon HoMepa aHayo-
rOBOTO BBIXOZA

Banr 1 - kog enMHHLBI H3Me-
peHust

Baiit 2-5 - usmepenHoe
BHELIHUM  MpHOOpOM
3Ha4YeHHe  aHAOTOBOTO BbI-
Xx01a (F)

KaxK B KOMaHJe

68 Hacrpoiika
[Hana3oHa aHa-
JIOTOBOTO BBIXOAA

i
|

Baitt 0 - kom HOMepa aHasO-
rOBOTO BBIXOZA

Baiit 1 - xox exuHHULBI H3Me-
peHust

Bai#iT 2-5 - usamepenHoe
BHEUIHUM  NpPUOOpOM
3HaYeHHe  aHAIOTOBOIO BbI-
xo1a F

KaK B KOMaHae

69 3anuce
|byHKUHH TIpEOD-
pa3oBaHusl  aHa-
|Tlorosoro BbixoAa

i
i
i
1
|
!
|
I

BaiiT 0 - kox HoOMepa aHaso-
rOBOTO BbIXOAA

ba#t | - kox dbyHkuuH
npeoOpa3oBaHus

KaK B KOMaHae
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70 Yrenne max-
CHMAIbHOIO H
MHHHMAJIIbHOI'O
3HAYEHHH aHano-
rOBOI0 BHIXOJa

baiir 0 - xox HOMepa
aHaNIOrOBOTO BLIXOJA

OxoHuanue tabda. 4.4

Baiit 0 - xox HOMepa aHAIOrOBOrO
BBIXOZA

baiT 1 - kox eavMHHULBI H3MEPEHHS
Baiit 2-5 - makcuManbHOE 3HaYeHHE

AHaJIOrOBOTO BHIXOA (F) !
- |
Baiit 6-9 -MunuManbHOe 3HAYEHHE |
aHaJIorOBOTrO BBIXOA F)
j

107 3amuce
MEPEMEHHBIX Te-
penaryuka  UIs
[MaKEeTHOTO pe-
HKHUMa

(mans KOMaH IIbl
#33)

baiitr0 - xom nepemeHHOMH
nepenaruuka s ciora 0
Baiir1 - xox mnepemeHHOMH
nepenaruMka ans cjiorta 1
Baiit 2 - kom nepemeHHOMH
repexarymka ans cnora 2
Baiir 3 - xon nepemeHHOH
rnepesaryMka s caora 3

KakK B KOMaHI¢

108 3amuce Ho-
Mepa  KOMaHIbl
MaKeTHOrO pe-
SKHMa

Baiir 0 - HoMep xoMaH b
MaKETHOTO PEXHMA

Kak B KOMaHie

109 VYnpasneHue

Baiit 0 - xon ynpasieHus

KakK B KOMaHzac

MaKeTHbIM NaKETHBIM  PEKHMOM
PEXKHMOM (1- Bxom, 0 - BeIXON)

110 Urenue |Her Baiir 0 - xon egMHHLBI H3MEPEHUS
BCEX JHHAMH- TJIaBHOH nepemeHHo# PV

HYCCKHUX NECPEMEH-
HBbIX

Baiit 1-4 - 3Hauenue PV (F)|
baiit 5 - ko1 €OMHHUBI H3MEPEHUs |
BTOpOH nepeMenHoi SV

Baiit 6-9 - 3Hauenue SV (F)
Baiit 10 - kox exHHHLIBI H3MEpEHUS
TperbeH nepemenHod TV

baiit 11-14 - 3nauenne TV (F)
Baiit 15 - xox enqMHHLEI H3MEpEHHS
4eTBepTOH nepemeHHoi FV

baiit 16-19 - 3Hauenne FV (F)
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4.11. CrarycHast uHpopmanus

JlBa Oaiita Tak HaseiBaeMoro "craryca" (Mnd "koma oOTKIIMKA'")
BKJIIOYAIOTCS B Ka0€ COOOLEeHHE MOJIEeBOTO0 yCTpoicTBa. OTH OGalThl
MOIYT HECTH HH()OPMALMIO TPEX THUIOB: KOMMYHHMKALIMOHHBIE OIIMOKH,
OTKJIMKH Ha KOMaHAy U COOCTBEHHO CTaTyC (COCTOSIHHE) yCTPOHCTBA.

B Taba. 4.5 mokaszaHo, Kak 3TO pgejaerca. EcaM B moclieaHel
TpaH3aKIUH oOHapyskeHa omvOKa, cTapmuii 6uT (6ut 7) mepBoro Oalita
ycTaHaBIMBacTcs B "1", a meraiibHOEC ONMCAHHE OIUMOKH CONEPXHUTCH B
ocrtasuretics gacty aroro Oaiita. Bropoli 6alit npH 3TOM HOJHOCTBIO
3aMmoMHEH HyIsIMH. Eciu ske TpaH3akIUs MPOXOIUT yCIeIHo, To OuT 7
nepsoro Oafita yctanasnuBaercs B "0", a octaTok 6afiTa CONEPIKUT OTKIMK
Ha KOMaHAy, KOTODBI MOXET HHAWIMPOBATh HEKOTOpble MpoGIEMBI,
CBA3aHHBIE C CaMoOW KOMAHIOW, a  BTOpol OalT comepXXuUT cCTaryc
TI0JICBOT0 YCTPOUCTBA, HHAWULHPYIOLIHANA €T0 TEKyLIEe COCTOSHHUE.

KoMMyHHKalMoHHbIe OIIMOKA - 3TO, B OCHOBHOM, T€, KOTOPBIC
neTeKTUpYyroTCs MUKpocxemod UART - yHHUBEpCabHbIM aCHHXPOHHBIM
IPUEMONIEPEAATYHKOM: OINHOKM HYETHOCTH, NEPErpy3KH HO CKOPOCTH
obMeHa m omubku cuHXxpoHH3arm# (popmarta nocsutku). Kpome Toro,
MOJEBOE YCTPOMCTBO MOXKET CcoOOLIaTh O MEPEIOJIHEHUH CBOETO
npueMHoro 6ydepa ¥ HECOOTBETCTBHAX MEXIY COACPKHUMBIM COOOLICHHSA
W MPHAHATON KOHTPOJIBHON CYMMOI.

Koxas! oTkimka Ha koMaHay (1ensie uuciaa 0..127) nonpasaenstorcs,
C OIHOHM CTOpPOHBI, Ha OMmMHUOKA W TpPeRyNpPEeXAECHHA, W, C ApPyroi
CTOPOHBI, Ha OIHO3HaYHbIE W MHOTO3Ha4Hble. X 4HMCNOBble 3HAYCHHS
nokaszanel B T1abnm. 4.6. BuaHo, 49ro pacmpeneseHsl OHH TOBOJBHO
CTPaHHO. JTO pe3yiabTaT CTPEMJIEHHSA COXPaHHTb COBMECTHMOCTb C
panHumu BepcusMu HART.

B 1a6i1. 4.5 nokazaHb! KOAbI OTKIMKOB HA KOMaHbl, KOTOPbIE MOTYT
OBITH MPUMEHEHBI K JIt000H TpaH3akUuH. B 1abu. 4.7 mokasaHsl T€ U3 HHX,
KOTOpblE HMMEIOT pa3Hble 3HAUYEeHHS B 3aBUCHMOCTH OT KOHKPETHOI
YHUBEpPCATBHONU WM obuieynorpeburensHol koMaHael. B cnennuduynbix
KOMaHIaX MOTYT HCIONbL30BAThCS TAKUE K€ 3HAUCHHUS TS yKAa3aHHBIX
KOJIOB HIIH OTIPENENATHCS CBOH 0COOBIE /TS KaKOT0-TH00 yCcTpoiicTBa.

Craryc moneBoro ycTpoicTBa BKIIOYacT B ceOsA cooOLIeHHs O
HEHOPMAIIBHBIX YCJIOBHAX MM HapylleHUHd pabouux peXUMOB. ITO,
CJICJIOBATENBHO, €lE HE TOBOPHUT O HEUCHPaBHOCTH YCTpoicTBa. B
Tabn. 4.5 nokazana pacumdpoBka 3Toro Gaiita, a B Tabin. 4.8 omumcansl
3HAYEHHS KaKAOTO U3 COOOLIAeMBIX COCTOSIHHH.



Tabnuua 4.5

Konst orknukos Ha komanmy

Ilepseiii GaiT cTaTyCcHOrO nona:

| Kommynukanuonsas omnGka

but 6 - omubka YeTHOCTH

bur5 - nmeperpyska mo CKopocTH
obmeHa

bur4 - ownbka cHXpoHM3AIMHU
(dopmara mocsLEm)

bur 3 - HecooTeeTCTBHE
KOHTPOJIbHOH CYMME

bur2 - 0 (pe3eps)

bur 1 - nepenonxenue Gy depa

i TIPHCMHHKA

bur 0 - (ne onpeacnen)

Bropoii GaiiT cTraTycHoro noss:

(#e ucnonbayercs) HIn
bur 7
Bur 6
Bur 5 Bcee Gurer = 0
Bur 4 (xoraa B mepBoMm Oaiite
bur 3 coobmaeTcs 0
bur 2 KOMMY HHKALIHO HHOH
bur 1 omubKe)
bur 0
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bur7 =1: wim | Bur7 =0

!er}mnx Ha KOMaH 1y

| Bumet ¢ 6 mo 0 (AeKoaMpYIOTCS KaK OJHO
" ucnoe, Bes Pa30HBKH HAa OTAENLHBIE OHTHI):

i

© 0 - HeT KOMaH, 161

i 1 - (He onpeaeneH)

{2 - HeBepHbIi BEIGOP

{3 - nocneAHH#M MapaMeTp CIMITKOM BCIHK

! 4 - nocme mpmi MapaMeTp CIMITKOM Mai

5 - IOMYYEHO CIULIKOM Ma:I0 GaHTOB AAHHBIX
6 - ournOka crierMuuHON KOMaHAB!

7 - BLICTABIICH PEXKUM 3AIHHTHI OT 3AMHCH

8-15 - 3HAYEHHA Ppa3THYHBI A PA3HBIX
koMaHg (cM. Tabu. 4.7)

16 - nocTyn orpaHiIrcH

28 - 3HAYCHHA PA3AAYHBI 1S PA3HBIX KOMAHI
(cM. Taba. 4.7)

32 - yCTPOHCTBO 3aHATO

64 - KOMaH/Aa HC Peanu30BaHa

Craryc nosieBoro ycrpoiicTsa:

bur 7 - Field device malfunction:
HEHCIPABHOCTh YCTPOMCTBA

‘ Bm‘6 - Configuration changed:

1 KOH(HIypalus H3MCHEHA

BprrS - Cold start:
"X0I0aHBIH" cTapT
Bm 4 - More status available:
JIOCTYTIHA AOTIOTTHHTE TbHAs
cratycHas HHpopMauus

- bur3 - Analogue output fixed:
3HAYEHHC AHA/IOTOBOTO BBIXOA
(UKCHPOBAHO

bur 2 - Analogue output saturated:
AHAJIOTOBHIH BBIXO/] B HACHIIIICHUH

| Burl - Non-primary variable out of limits:
3HAYCHUC HErT1aBHOH MepeMeHHOM
BHE YCTAHOBJICHHBIX MPEACIOB

“ bur 0 - Primary variable out of limits:

‘ 3HAICHHC IIIABHOM MEPeMEHHOMN

! BHE YCTAHOBJICHHBLIX NPEAECIOB

uCM TaKxe 1ab. 4.8)

Muorue  yCTPOHCTBA  NPENOCTaBISIOT  OONbLIE  CTATYCHOM
uHGOpMALINH, YEM MOXCET 3aKal0ouaThCs B omHOM Oaiite. Jas Takux
yCTPOMCTB 4-i1 OuT cTatycHoro faiita ycranasnusaetcs B "1", HHIULHPY S
BO3MOKHOCTb TPENOCTaBICHHS DPACHIUPEHHON CTAaTyCHOM WH(OpMamuw,
KOTOPAas MOXKET ObITh NOMyUYeHa C HOMOUILIO KOMAHIBI #48.

HM3navyanbHo GaiiThl NAaHHBIX B OTKJIMKE Ha KOMaHIy #48 6bumu
OCTaBJIEHBI OTKPBITHIMHM Ul pa3pabOTUMKOB YCTPOWCTB, HO HAauuHas C
sepcun 5.1 6aiiTei ¢ 6 0 13 MMEIOT 0COObIE HA3HAYEHHS, MHIULEPYS
paboure pEXMMBI M CTaTyC aHAJOrOBBIX BBIXOAOB (Tabm. 4.4).
Ocrasiurecs 6aiThl MOTYT ObITh 3aHOJHEHBI N0 JKENAHMIO Pa3paboTdmka.
Oud 00BIMHO TMMOOMTHO pa3bHMBAOTCS [ WHIHKAIMU KAKHX-IHO0
COCTOSTHHH y3JI0B yCTpPOMCTBA.

Tabsnua 4.6
Krnaccuduxanns OTKIMKOB Ha KOMaHIy
Oumnbxu Ipenynpexnenns
OnHo3HauyHbIE 1-7 24-27
16-23 96-111
32-64
MHoro3Hayneie 9-13 8
15 14
28,29 30, 31
65-95 112-127 .
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MHoOro3sauHble KOAbl OTKIUKOB

Kon Komannst AJNbTEPHATHBHbLIE 3HAYCHH S
8* 1,2,3,33,60,61, 62,110 | /lanusie He 0OHOBALIOTCS
34,55, 64 VcraHOBIIEHO B OiHakaliliee BO3MOKHOE 3HAaYeHHE
48 Hpouncxoaut 0OHOBIEHHE NAHHBIX
9 35,65 HwuxHee 3naueHye AHana3oHa CIHLIKOM BBICOKOE
36,37,43,52 BricTaBiigseMoe 3Hau€HHEe CIIHUIKOM BEJIHKO
45, 46, 67, 68 KOH(IHKT ¢ TEKYLIHM PEXHMOM aHAJIOr OBOTO
BbIX0Aa (YCTaHOBIEH PUKCHPOBAHHBIH TOK)
10 6 MHOroTOUe4HbIH PEXXUM HE MONAEPAH BAETCA
35,65 HiuxHee 3HaYeHHe AHANAa30Ha CIIHIIKOM HH3KOE
36, 37,43,52 BricTaBiseMoe 3HaueHHe CIIMLIKOM MaJio
11 35,65 Bepxuee 3HaueHHe quana3oHa CIHMIIKOM BBICOKOE
40, 45, 46, 66, 67, 68 YcTpoHCTBO B MHOTOTOYEUHOM PEXKHME
53 HegepHublii KO TepeMERHOH nepefaTyHKa
12 35,65 BepxHee 3HaueHHe OHANA30Ha CIHIIKOM HU3KOE
53, 66, 67, 68 HeeepHblit KON €AUHHULIBI H3MEPEHUA
13 35, 65 0O6a xkpallHUX 3HAYEHHs AHANa30Ha
BHE BO3MOXHBIX [1pENeoB
69 Hegepueiii kon pyuxunn npeobpazopanus
14* | 35,36, 65 Koabduunent ycuaeHns CIMILKOM Ma
37 BepxHee 3naueHne avanas3oHa BhIILIO
33 YCTAHOBJIEHHBIN Ipenes
15 |65, 66,67, 68, 69 HegepHublit K01 HOMEPa aHAJIOTOBOT O BBIXOIA
28 |65 HegepHblii K0 €NHHHLBI H3MepeHHs
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* xoas! 8 1 14 BOCIIPHHMMAIOTCS KaK TIPSy TIPEXKICHHA, OCTANBHBIE - KaK OLIHOKH

Tabnuua 4.8

Craryc noseBoro ycrpoicraa

Huaunupyembri
cTaryc

3HayeHHe

Field device malfunction

YCTpOHCTBO HEHCIIPaBHO, M H3MepeHHs. MOTYT ObiTb
HEIOCTOBEPHBI

Configuration changed

VeTaHABIUBAETCA BCErAa, KOTAA MPOMCXOMUT H3MEHE-
HHE KOHQUrypalH| ¢ XOCTa HH MOPTATUBHOTO KOHGH-
rypatopa. I'naBHoe ympaesiouee yCTpOHCTBO BOC-
npunuMaet "1" B nmaHHOM OuTE Kak HeOOXOLUMOCTH
CUMTATh M 3aIOMHHTb KOH(HUIYPaLHOHHYIO HHGOpMa-
LHIO ¥ 3aTe€M COPOCHTD 3HaueHHe 6HTa B "0" MOCBIIKOM
KoMaH b1 #38

Cold start

YcTaHaBIMBAETCA TOJBKO HA OLHY TPAH3AKHHIO B MO-
MEHT BKJIIOUEHHS TIOJIEBOTO ¥ CTPOHCTBA

More status available

DakTHYECKH NPHIIAIIEHHE HCITONIb30BATh KOManmy #48
IUIA TIONIy4YeHHS TOMOJHHUTENBHOH ctaTyCHO# HHdopMa-
§90%0%1

Analogue output fixed

VCTpOHCTBO HaxXOOUTCA B MHOTOTOUEYHOM DEXUME,
HJTH QHAJIOTOBBIH BBLIXOZ YCTAHOBJIEH B (PHKCHPOBAHHOE
3HaueHHe (HaUpHMep, NPH TECTHPOBAHHH)., ITOT OHT
OTHOCHTCS TOJIKO K aHanorosomy eeixony #1. B MHO-
romnapaMeTpuyeckoM yCTpPOHCTBe KomaHzna #48 moxer
BO3BPATHTh TAKYI0 K€ CTATYCHYK) HHDOPMALHIO
VIS APYTHX BBIXOAOB

Analogue output
saturated

Pesynbrar u3sMmepenns (s aHaJIOroBOro Bbixoaa #1)
3a mpemenamu nuamnazoHa. OOBYHO NPH JTHHEHHOMN
mKane 3T0T OuT ycranaBnuBaetca B "1" mo mocTiike-
HUM 3HaueHHil Hike 3,9 MA u sbie 20,8 MA. JIna
MHOTOIIApAMETPHYECKHX YCTPOHCTB KoMmaHna #48
MOJXKET BO3BPATUTDh TAKYIO XK€ CTATYCHYIO HH(OPMAIHIO
IUISE Pa3HBIX BbIXONO0B

Primary variable
out of limits

3HayeHHe [JIaBHOM NEepeMEeHHOH HaxoauTCa 3a Ipene-
namu pabouero amanasona martyuka. [1o3ToMy pesyiib-
TaT MOXET OKa3aTbCs HEIOCTOBEPHBIM

Non-primary variable
out of limits

To ke, HO A1 OOHOH WK DONiee HErNIaBHBIX NMEPEMEH-
ueix. Ioka HeT cpencTs s oOHApyIKeHUsh KOHKPETHOM
MEpPEeMEeHHOMH, 3HayeHHe KOTOPOH BBILUIO 3a IpeAeisl
(kpome komanmpl #48)
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4.12, Pe3iome

HART-KkOMaHIbl MOJPa3AENAOTCSA HA TPU TPYIIIIbI: yHUBEPCAIBHBIE,
00y MOTpeOUTETILHBIC H CTICIH QUYHBIE.

JlaHHBIE B COOOINEHUSAX MOTYT OBITh HETBIMH YHCIAMH, YUCJIAMH C
[UIABAIOLICH TOYKOH, CHMBOJIBHBIMM CTPOKAMH WM  HYMEPOBAHHBIMH
3JIEMEHTAMM CITHCKOB,

CymecTBYIOT KOMaHbl I UACHTU(HKAILIMM TOJNEBLIX YCTPOMCTB,
JUIA. YTCHHS 3HAYCHUH MEPEMEHHBIX, U YCTAHOBKH MHOrOTOYECYHOI'O
PEXHMMA, JUTA MOAICPKKA MHOTOIIApAMETPHICCKUX YCTPOHCTB | JIp.

CoobieHHs OT MOJEBOTO  YCTPOWCTBA COAEPXKAT CTATYyCHYIO
MHQOPMAIMIO, OIUCHIBAIOUIYI0 TEKyllee COCTOSHME YCTPOHCTBA M
KOMMYHUKAIIUOHHOTO O0MEHad.

70

I'naBa 5. DDL - a3bIk onMcanusi yerpoiicTs

5.1. Beeaenne

S3pik onmcanus ycrpodcte DDL (Device Description Language)
peluacT MHOTHE MPOOIEMBI, KacaroLHecs BBOAA M SKCILTyaTallMH HOBBIX
HHTCILICKTYabHBIX  YCTpOHCTB. Camo mno cebe  Mcrnonb3oBaHuE
KOMMYHHMKAIIHOHHOTO IPOTOKONA CIIE HEAOCTATOYHO A OOECTIeucHHUs
3¢ eKkTHBHON PabOTBI CUCTEMBI, TIOCKOJIbKY pa3Hble YCTPOMCTBA OOBIYHO
HUMEIOT MHIUBUAYAILHBIC OCOOCHHOCTH MO paboTe ¢ MaHHBIMM. PaHee, B
snoxy nepBeix Bepcud HART, 3To o3Hauano, 4to XoCT-ycTpoicTBa
DODKHBI  OBUIM  TMOABEPraThcsi  HOpaboOTKE MO  H3MEHEHHI0  MX
TIIPOTPAMMHOT0 0GECTICYEHHS TIPH KaXI0H CMEHE MOJENEN NPUMEHAEMBIX
TIOJICBBIX YCTPOMCTB. DTO MPHBOAMIIO K CYLICCTBCHHBIM 3aTPAaTaM CPEICTB
U BPCMCHH, OrPaHMYMBAIO O007aCTH MPUMEHEHMSA KOHKPETHBIX XOCT-
YCTPOHCTB  (OOBIMHO  MOCTABUIMKH  XOCT-YCTPOHCTB — SBISUIMCH W
IIOCTABIIMKAaMH COTIPSDKCHHBIX ¢ HUMH TOJICBBIX YCTPOMCTB). C pocToM
nomnyyispHoctd HART-nipoTokona u yBennueHueM umciia npou3BoauTenei
HART-ycTpoiicTB CTal0 OYEBUIHO, UTO JAIbIIC HEBO3MOXKHO
HapaliMBaTh BBIYCK XOCT-yCTPOHCTB € TaKUM HErHOKHM MpOrpaMMHbBIM
obecreyeHuEM, KOTOPOE He MO3BOISET MOTPEOHTENIO MOIb30BATHCA BCEH
IIMPOKOH HOMEHKJIATY POH BBIITY CKAEMbIX MMOJICBBIX YCTPOHCTB.

Ota mnpobiemMa pewaercs ¢ nomompio DDL.  CrieudanbHbie
ONHCAHUsl YCTPOMCTB, PEAIM3yCMbIC B HEM, MO3BOJISIOT OCYIICCTBHTh
ObICTPYI0O ~ MOJCPHM3AHHIO XOCTOB Uil MOJNEPKKH HOBBIX [MOJNEBBIX
YCTPOHCTB 6€3 mepenuchbIBaHUs MPOrPaMMHOI0 00CCMECUYCHUS. DTOT S3BIK
MOXXET OBbITh MCIONBE30BaH B JIHOOOM XOCT-YCTPOHCTBE A7 0GCCrICHCHUS
HOJIHOTO U TOYHOro UHTEpdeiica ¢ KakAbIM MOJEBBIM YCTpoiicTBOM. DDL
00CCIeYMBACT  MOJHYI0  COBMCCTMMOCTb  YCTPOMCTB  OT  pasHbIX
npousBoxutenei. [lonb3oBarens Moxer Tenepr BbiOMpaTe JTydmiHe
OpubOpsl U KOHKPETHBIX 3a/a4 M HE 3aBHCETh OT MOCTABLIMKOB
3aKOHYCHHBIX CHCTCM.

B oroii rmaBe ommcambl ganeko He Bce ocobeHHOCTH DDL. s
O3HAKOMJICHHUS ¢ TOJHBIM  ONMHCaHWeM Tekyuled Bepcun DDL,
COOTBCTCTBYIOLIMM ~ MHCTPYMEHTApUEM M  YucOHBIMH  MaTepuaaaMH
cnenyet obpatuthes B Porn HART-koMMyHUKALIWIA.
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5.2. Yto npeacraBasier cob6oit DDL

DDL - ¢opmMasbHblil 31K A1 MOJIHOTO M OAHO3HAYHOI'O OITUCAHMA
MOJIEBOI0 YCTPOMCTBA, KOTOPOE JOCTYITHO B IIpoLiecce 0OpallicHUs kK HEMY
nocpencTBOM THM(PoBbIX KoMMyHHMKaumii. DDL dopMupyer kak Obl
IOMOJHUTENBHBIA  "cllolf  noab3oBarens” Ha BepumHe OSI-mozpenn
KOMMYHHUKAIMOHHON CHCTEMBI (M. 2.1).

DDL Bkimrodaer B cebsi OIMCaHHS HOCTYIIHBIX MEPEMEHHbIX, HAbOP
MOAIEPKUBACMbIX KOMaHA M OMMUCaHUs pabouux npoueayp (TakuX Kak
kanubposka). OH CONEP)KUT TakkKe OMHCAHUE CTPYKTYP MCEHIO, KOTOPbIE
HCIONb3yeT onepatop Tipu pabore ¢ XOocT-ycTpoiictBoM.  OnucaHue
yCTPOMCTBA, 3amMCaHHOE B TEKCTOBOM (opmaTe, IOCTYITHOM ISt
CMBICIIOBOFO BOCTIPHSTHS, COIEPXKHT CIMCOK OOBEKTOB C OIMCAHHEM
cBOMCTB (aTpuOyToB) Kaxkuoro. [lpumepHbie ¢parMeHTbl OMHCAHUS
HeKoero abCTpakTHOTO pacXojoMepa [IPHBEICHEI Ha PUC. 5.1,

OcnoBHbIe TuIbl 00bekTOB DDL (Tabn. 5.1):

o Ilepemennas - robas TIOMMEHOBaHHAs Pa3HOBUAHOCTb JAHHBIX
HOJIEBOFO  YCTPOMCTBA, OTHOCSINASCA K  HM3MEPeHHsM, pabounm
mapameTpam, HHpopManmu 00 yctpoiictee. Cpenn 1poyux aTpubyToOB y
MepeMeHHbIX €CTh MUCIUIeHHass MeTka (Habop CHUMBOJOB, KOTOPBIM
npencTaBjieHa MepeMeHHas Ha IUCIUIEE) M TUN JaHHBIX. B Tabm. 5.2
[IPUBEIEH CITUCOK BO3MOXKHBIX TUIIOB JaHHBIX.

e KomaHma -  oObektr, omnuceiBarowiuii  HART-xomaHnpy.
Onpeznensercs TONAMU AAHHBIX 3arpoca W OTBETA, a4 TAKOKE CTATYCHOH
nHpopMaLHeH (KOIOM OTKINKA).

e MeHo - cpencTBO TpeicTaBleHWsT HH(OpPMaIK onepaTopy.
OnpenensieTcss Kak CIACOK [PYTHX OOBEKTOB (MEPEMEHHBIX, IKPAaHOB
peIaKTUPOBaHMs, BIOXKEHHBIX [IOIMEHIO H METOOB).

® DKpaH pElaKTHpPOBaHHSA - OOBEKT, GOPMUpYIOWHUA 3JKpaH
(HanpyMep, JUCIUIEH MOpPTATHBHOIO KOMMYHHKatopa). Onpexensiercs
CIOMCKOM MEPEeMEHHBIX 18 0030pa W/MIM pENakTHPOBaHUA M MPOLEAYp
(MeTOTIOB), BBIMIONHSAEMbIX [0 U [10CTIE PEIAKTUPOBAHHUS.

o MeTon - omnpelencHHas MOCICIOBATEIBHOCTh B3aUMOACHCTBHI
XOCT-yCTPOMCTBA C TIOJIEBBIM YCTPOWCTBOM M OIEPaTOpPOM  [UIS
BBIITOJTHEHHS ONpEeNIeHHbIX OIepaliid (TakMX Kak KaluOpoBKa, CMeHa
IHamna3oHa u jap.). e CTBHsI OMUCHIBAKOTCS C UCTIOIb30BAHUEM OTHOTO U3
nogMHOkecTB s3bika C.  Ecte Oubimoreka BCTpoeHHBIX — (pyHKUMH,
TaKMX Kak: TMOCBIJIKA KOMaHI Ha [OJIEBOE YCTPOHCTBO,  aHAIU3
OTKJIMKOB, BBIBOJ COOOLIEHWH Ha JKpaH, KJIaBHATYpHbIH BBOA.
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VARIABLE low_flow_cutoff

{

LABEL [low_flow_cutoff];

HELP "Low Flow Cutoff - The value below which the process variable will indicate zero,
to prevent noise or a small zero ervor being interpreted as a real flow rate.™;

TYPE FLOAT
{
DISPLAY_FORMAT "6.4f"; I* fHE fHHEE ]

}
CONSTANT_UNIT "%";
HANDLING READ & WRITE;
}

MENU configure_io

{
LABEL [configure_io];

ITEMS
flow_units, /* variable */
rerange, /* edit-display */
low_flow_cutoff, [* variable */
flow_tube_config, /* menu */
pulse_output_config /* menu */

}
COMMAND write_low_flow_cutoff
{
NUMBER 137,
OPERATION WRITE;
TRANSACTION
{
REQUEST
low_flow_cutoff
}
REPLY
{
response_code,
device_status,

low_flow_cutoff

) }
RESPONSE_CODES

0, SUCCESS, [no_command_specific_errors];
3, DATA_ENTRY_ERROR, [passed_parameter_too_large];
4, DATA_ENTRY_ERROR, [passed_parameter_too_smali];
5, MISC_ERROR, [too_few_data_bytes_received];
7, MODE_ERROR, [in_write_protect_mode];

}

Puc. 5.1. ®parment onucanus yerpoiictea 8 DDL
[Nprvewarmas: 1. 3arnasruevu 6ykBaMu BeIICICHE! KogeBbie ciosa DDL.
2. TexcT, 3aKIOYCHHBIH B CKOOKH /¥...¥/, - KOMMEHTapHH.
3. 3anucy, 3aKTIOYCHHbBIC B KBAIPAaTHEIC CKOOKH, SIBIAIOTCS CCBLIKAMH
HA CTaHAaPTHHIA CIOBaph
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Cpennt BCTPOCHHBIX (YHKIMHA €CTh TaKHE, KOTODBIE MO3BOJSIOT
CHCTEME TPOACILKATE PAdOTy B yCHNOBHAX ommbox u cboes. Meton
TAKKE  MOXET OBITb  HMCOOJB30BAaH 7S BBIAAYH  ONEPATOPY

OPEAYNPEXKICHAS MEPEll BHITIOTHECHAEM KaKoro-iubo AeHCTBHS, KOTOPOE

MO2KET HeQIarolpruaTHO NOBIHATE Ha (PYHKIIHOHUPOBAHUE CHCTEMBI.

IlepemenHble (kak M JApYyrde  OOBEKTBI) MOTYT  TaKKe
IPYNIHPOBATLCS B Tak Ha3bIBAEMEbIE psaael  (arrays), KOJUICKLIHHA
(collections) u otHolieHus (rclations) JUIsL  BBIPAXCHUS HX
(GYHKIHMOHAILHON CXOXKECTH MM B3aMO3aBUCHMOCTH.

B ompenenennn muorux arpubyToB paspelieHbl apu()METHUYECKHE,
JIOTHYECKME MM YCIIOBHBIC BBIDOKCHHSA. OTO MO3BOjIAET 00pabaThiBaTh
UHQOPMALHIO [TO-Pa3HOMY B 3aBHCHMOCTH OT TEKYIMX OOCTOATENLCTB
(HanpuMep, KOHQUTYpallHOHHBIX TAPAMETPOB MJIM PadOYHX PEKUMOB).

Tak Ha3bIBaeMblll * CTAHOAPTHBIA CIOBaph HUCHOJB3yEeTCA  JUIS
nepeposia o0umx ¢pas s3pika DDL Ha pasHbie Apyrie S3bIKU: HEMETKHI,
Gpaninysckuil U ap. (puc. 5.2). Ero ucnonb30BaHHe [a€T CleayHOLIUe
IPEUMYIIIECTBA:

e OmucaHus yCTPOHCTB W CKOMOMIHpOBaHHBIe DDL-mporpaMmer
CTAHOBATCA KOpOYE, T.K. BMECTO TEKCTa, MOBTOPSIOLIETrOCS HAa Pa3HbIX
A3bIKAX, HCIIOJIB3YIOTCS MTPOCTO CCBITKH HA CJ10BAPb.

® BO03MOXHOCTb OJHOBPDEMEHHOTO MIHOBEHHOrO TMEPEBOJa HA
HECKOJBbKO A3BIKOB.

e PasHple NPOU3BOJAUTENH YCTPOHCTB  MCIOAB3YKOT YETKYHO H
OTHO3HAYHYIO TCPMHHOJIOTHIO OITHCAHUS yCTPOUCTB.

[251, 2] square_root “Sq root”,
“|033 Racine carree”,
“|049 Radiziert”
[251, 3] linear_with_input “Linear with input”,

“|033 Lineaire avec entree”,
1049 Linear z. Eingang”

254, 2] passed_parameter_too_large “Value was too high”,
“{033 Val trop haute”,
“|049 Wert war zu hoch”,

[301, 34] remove_from_auto_befor_send “WARN — Remove loop from automatic
control before sending. You may return
loop to automatic control after sending.”,
“|049 WARNUNG - Vor Senden die
automatische Steuerung abschalten.

Steuerg. ev. wieder einschalten.

Puc. 5-2. TlpuMep BXOZOB B CTAHZAPTHBIN CJiOBapb
[lpumeyanne: [l1a vuaeHTHHKALMH 93bIKA, OTIMYHOTO OT AMEPHKAHCKOrO AHTTHICKOTO, OGBIMHO
HCTIONB3YIOT MCKIYHAPOAHBIE TEIC(OHHBIE KOAB COOTBETCTBYIOLMX cTpaH (3aech: 033, 049)
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5.3. peamymiecrea DDL

['1aBHOM BEIFOJOH OT Hcnonb3oBaHus DDL ¢ TOYKM 3peHHs
[IOCTABILHKOB SBJIICTCS TO, YTO OTAEISIFOTCA JIpYyr OT Apyra pa3paboTku
XOCT-YCTPOHCTB M MOJIEBBIX YCTPOMCTB. Kaxkmelit pa3paboTdaMk MoxeT
Teneps Pa3padaTeiBaTh NPOAYKThI € YBEPEHHOCTBIO, YTO OHH OYIyT
COBMECTHMBI C TEM, YTO OBLIO CO3MaHO B 3TOM OOIACTH PaHEE M C TEM,
gro OyAeT cosmasaTeca noToM. Kpome Toro, mis otianku untepdetica ¢
KOHKPETHBIM YCTPOMCTBOM MOXHO HCIIOJIb30BaTh MPOTPaMMy-HMHTATOP
3TOrO YCTPOHCTBAa BMECTO HETO CaMOro.

C TOYKH 3peHHS MOJB30BATENA, ITIaBHBIM MpeuMmyinectsom DDL
SBJISIETCS BO3MOXHOCTh MPUMEHNTh NPOAYKThl PasHBIX MOCTABITUKOB C
YBEPEHHOCTBK, YTO  MOXKHO  OyJeT HOJHOCTBIO  HMCIIOJIBL30BaTh
BO3MOXXHOCTH K&)XI0ro. Jijisi BKIIIOUEHHs HOBOrO MOJIEBOTO YCTPOHCTBA
TpeOYIOTCA  JIMUIb  HEOOJbIIME KOPPEKTHPOBKH B  [POrPaMMHOM
00ECEYeHHH  XOCTa. CTaHOBHTCS JKeNaTeNbHbIM M BBIFOJHBIM
00OHOBJICHHE COCTaBa MOJIEBBIX YCTPOHCTB B CHCTEME,

Hcrnonp30BaHWE  CTaHAAPTHOrO  CIOBAaps, C OJHOW CTOPOHBI,
00ecneuHBacT MIHOBEHHBIH MEPEBO HA BCE MOMIEPKMBAEMEIE S3BIKH, A C
Apyro#, crnoco6CcTByeT TOMY, 4YTOObI pPa3pabOTYMKH CTPEMUIIUCH K
O7HOOOpa3HOH M  COBMECTMMOM  peajiM3allid  THIOBBIX  3a/1ad.
“COBMECTHMBIC” OIIMCAHUS YCTPOHCTB (CM. 5.4) crocoGCTBYIOT peanbHOi
B3aHMO3aMEHAEMOCTH YCTPOHCTB OJHOIO H TOIO K€ HA3HAYECHHA.

Tabnuua 5.1
OcHoBHbie THIB 06BekTOB DDL
Tun obvekra ATpuOyYTH KomMenTapuu
VARIABLE name MwMs 11 nepexpecTHBIX CCBUTOK
(ITepemennas) [LABEL HmMs nepeMenHol, oToOpaskaeMoe
Ha IHCTIee
TYPE Tun nanuerx (cMm. tabi. 5.2)
CLASS Knacc no Ha3nadensmo
HANDLING INpunagnexHocts xoManzam: READ unu
WRITE
CONSTANT_UNIT |Enuduua usmepenus
VALIDITY VYcioBHe, npy KOTOPOM MepeMeHHast
HMEET CMBICI
HELP TekcT nomckasku
READ & WRITE_  |Bpems, B Te4€HHE KOTOPOTO XOCT MOXET
TIMEOUTSs OKHAATh 3aBEPIIEHUs] YTCHHS MIIM 3aHCH
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Oxonuanue 1adm. 5.1

COMMAND name HMst 115t NEpeKpECTHBIX CCBIIOK
(Komanna) NUMBER Homep HART-koMaHzsl
OPERATION READ, WRITE unu apyras xoManna
TRANSACTION
REQUEST JlanHbie, BRITIOYEHHBIE B KOMaHIY
REPLY JaHHble, BRITIOYEHHBIE B OTKITHK

RESPONSE CODES Kon orknuka + nononuuTtenbHas
uHbopMarus

MENU name WM nnist nepekpecTHsIX CCbUIOK
(Menro) LABEL Hmst MeHI0, oToOpaxcaeMoe Ha AUCIee
ITEMS Crnucok NepeMeHHBIX, MEHIO, 3KPaHOB

penaKTHPOBaHHS M/HJIM METOJOB

EDIT_DISPLAY |name ' WM 1s nepexpecTHbIX CChUIOK
(Okpan LABEL OTtobpaxkaeMoe Ha AXCIIIee UM 3KpaHa
penaktupoBanusi) |DISPLAY ITEMS Cnucok nepeMeHHBIX TOJIBKO
UL OTOOP@KEHHS
EDIT_ITEMS Crnucok nepeMeHHbIX

Ul peIaKTHPOBaHHs
PRE_EDIT_ACTIONS |Merozasl, npuMeHseMbie
JIO PeIaKTHPOBAHMUS
POST_EDIT_ACTIONS [Meroabl, npUMeHAEMbIe
rocsie penaKTHPOBaHUs

METHOD name HmMs n1s nepexpecTHBIX CCBUTOK
(Meton) LABEL OrofpaxkaeMoe Ha qUCILIee UM MeTOIa
CLASS Knacc no HasHaueHuio'
DEFINITION ITocnenoBarenbHOCTL ONEPATOPOR HA
s3b1ke C
VALIDITY VYenoBue, npH KOTOPOM METOX HMeeT
cMbICT 2
HELP Texct momcka3ku

1. Cywectpyror, wanpumep, Ttakue kinaccei: DEVICE, INPUT, CORRECTION,
DYNAMIC, DIAGNOSTIC, SERVICE

2. Atpubyt VALIDITY mpeacraBiseT Co60H YCIOBHOES BBIPAXKCHHE, HMPHHHMAlOLIEE
sHauenre TRUE wan FALSE B 3aBHCHMOCTH OT 3HAa4eHHH APYTHX II€PEMEHHBIX, OMHCHIBAKOIIHX
TeKyIHe OOCTOSTEIBCTBA (PeXKUM, AUAIIA30H U Ap.)

3.Kox otx:iHka BHIGHpAaeTCs M3 OrPAHHYCHHOTO MHOXECTBA BOSMOMKHBIX 3HAYECHHH M
COMPOBOMIAETCS. COOTBETCTBYIOINCH JOMONHATEILHOH HH(pOpMalMeH, a MMEHHO BBLIAACTCS THIX
OTKJTHKA, OMHCAHHE H TEKCT MOMOINH-IIOICKA3KH.
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Tabnuua 5.2
OcHoBHble THIIBI TepeMeHHBIX DDL
Tunsl IepEMEHHBIX 1 ATpubyTts KommMmeHTapuun
dpugmeminicxie | "
FLOAT { 4-Gaiirorsiii popmar (IEEE 754)
DOUBLE { 8-Gaiitosniid popmar (IEEE 754)
INTEGER ‘Pasmep (B Gaifrax)

UNSIGNED INTEGER iPasmep (B GaiiTax)
'DISPLAY FORMAT |®opmar BiBoza (kak B onepatope C
§ “printf”)

{EDIT_FORMAT ®opmar BBoaa (kak B oneparope C

| “scanf)

‘MIN_VALUE Huxuuii npenen 3HaueHu

; NEePEMEHHON

'MAX VALUE BepxHuil npenen 3HaueHni

epeMEeHHOH

:SCALING_FACTOR |MHoxurens 111 BEIBOJA Ha 3KpaH

Hymeposannvie: 1

ENUMERATED ‘Pasmep (B GaiiTax) Yuciiosoe 3HayeHue +
JonoHUTeNbHas uHdOopManus |
BIT ENUMERATED :Pa3smep (B baiitax) Ha6op 6uToB + IONOIHUTENbHAS
unbopmanus >

Cmpoxossie:

ASCIl JlnuHa (CHMBOJIOB) 128 cumBonos no ISO 8859/1 (Latin 1)
PACKED_ ASCII Jnuna (cumBosioB)  [Yceuennsiit ASCIL (6 Gur na cumson)
PASSWORD JlnuHa (CUMBOJIOB) Ha skpaHe BBHITTAOUT Kak *****
BITSTRING Jnuna (B Outax)

Jlama u spems.:

DATE 3-Gaiitosbiii popmar (DD.MM.YY)
TIME ®opmar eme He ONPEAENEH
DATE_AND_TIME ®opmar ewie He ONpeneNeH
DURATION ®DopMar enie He ONpeAeieH

1. YucaoBoe 3HaueHHE BHIOUPAETCA M3 OrPAHMUCHHOTO MHOXECTBA BO3MOXKHBIX 3HAYCHHH H
CONPOBOXKAAETCS COOTBETCTBYIOWIEH JAOMONMHUTEIbHOM HH(BOpMAIMEH, a HMMEHHO BBIAACTCSH
OITHCAHHE U TEKCT MOMOIIH-MOACKA3KH

2. BoblmaeTcs 4HCIOBOC 3HAueHHE, HHGOPMALMIO B KOTOPOM HECET €ro MOGHTHOS
apeacTapncHue. JlomomHuTE bHAT HH(pOPMAaLMA BKIFOIAacT B ce0sl OMHCAHHE, TEKCT MOMOIIH-
TIOACKA3KH, a TAKKS K:Iaccml)m(aumo Ka)a0ro OHTa M0 HA3HAYCHHIO
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_______________________________________ 5.4, Co3naHve omuUCaHUA YCTpoiicrsa
Komneiortep pazpaGorunka ycrpoiicTs Ha pwuc.5.3 IpeACTaBJICH TMPOIECC CO3TaHHS M HCIOJIL30BAHHUS
ommcanma  ycrpo#ictea.  CosmaHume  3TOro  omucaHMs  Tpebyer

Onucanue Ucxommeiit | Penacriposanve OTBETCTBEHHOTO TOAXOJa CO CTOPOHBI pa3paboTHMKAa yCTPOCTBA,
NOJIEBOTO TeKCT KOTOpPbI BHAYal€ INHUIET UCXOAHBIM TEKCT OMHCaHHsl Ha s3bike DDL.
yCTpoHcTsa na DDL BuGnnorexa [10>TOMy OHO IOJDKHO OBITB IPAMOTHO COCTABIEHO, JIETKO YHTATHCS M

(cranmapTtHoe aapo

H ONHCaHHA
cemeicTs
yCTpOHcCTB)

\ CrannapTHelit

cloBapb

[OJHOCTBIO OIUCHIBATL YCTPOKUCTBO. Pa3paboTunk B HOBOM mporpamme-
OMHCAHMH MOXET HE OIHCBIBATh KAKAbIH pa3 CTaHIapTHBIC
HOBTOPSIFOLUMECS NaHHBIE W KOMaHAbl M3 YHCIAa YHWUBEPCAJBHBIX H
00LIEeYyNOTPEOUTENBHBIX, a HWMIIOPTHPOBATP HMX H3  CIEIHAIBHOR
oubnuorexku. Kpome toro, ®onn HART-koMMyHHKaIMHA peKOMEHAYET
UCMONbL30BaTh  YHUBEPCAJBHBIE TIapaMeTpbl ©  TIPOLEAYPbI  IJis
COBMECTHMBIX  YCTPOHCTB  OIHOTO Ha3HAYEHHS (HAOmpUMeEp, s
U3MEPUTENCH TeMIIEpaTypPhl, JABJICHHS , YPOBHS, pacXofa, YTIpaBliseMbIX
NPHBOOB 3aBUKEK).

IMocme Hamumcanuss DDL-Tekct 06pabaThiBA€TCs  CIIEHHAJILHOM
nporpaMMoH-npeobpaszosareneM (TaKk Ha3bIBAEMBIM  “TOKEHaN3epoM*),
KOTOpas “‘CXHMMacT’ OIHCAHUE, 3aMEHSs CTAHOAPTHBIE CJOBa H (pasbl
YHUCIIOBBIMH KOJaMH (CCHUIKAMH HA CTAHAAPTHBIM CIOBApb H OMOIHMOTEKY
CTaHOApTHBIX onHcanui). Tak nomyuaercs TpeoOpa30BaHHOE OMHCAHME,
KOTOpOE€ HasbIBAKOT MHOTAA “cChUIOYHOE” MK  “‘OuHapHoe’. TlocnenHee
Ha3BaHHE TMOIYYMIIO DPAcIpPOCTPAHEHHE OTTOTO, HYTO MHCTPUOYTHBHOM
(dopMoit 3THX omucaHuit (T.e. TOi GHOPMON, B KOTOPOH OHM MOMANAIOT B
XOCT-CHCTEMY) sBJISETCS UMEHHO OuHapHas (aBowunas) ¢opma. Ho 310
€llle HE HCTIOMHAEMBIH MAUIMHHBIA KOm, - OH (DOPMHPYETCS MO3KE
HHTEPIIPETATOPOM B XOCT-CHCTEME,

IIporpamma-
HMHTATOp
ycTpoicTBa

TIpeobpazo-
BaTellb TEKCTA
(Tokeniser)

Onucanue
ycrpoiicrsa
(Ounapnas dopma)

Xocr-cHcTeMa

DDL-onucanue
ycTpoicTsa
(OunapHas ¢opma)

Hucrueit

(cranmaptHOe A1p0

Hurepnperaro
U ONHCaHHUA pp P

DDL

i
i
i Bbubnauorexa
;
i

ycc?rhpdg}“p{xgg) IIporpaMMa-HMHTaTOp  HCMONB3yeTcs  pa3paboTuukoM st

_ IIPOCMOTPA M OTJIAAKH pa3spabOTaHHOTO MHTepdeHca ¢ MOJb30BATENEM.

CTi};ﬁaBg;':’m Ecmi Heo6X0auMo, HCXOOHBIN TEKCT PENAKTHPYETCS, M 3aTEM MPOLEypa
e T e ; nipe0Opa30BaHHs €ro TOKEHAH3EPOM ITOBTOPSAETCS.

BubinoTeka cTaHmapTHBIX OMUCAHMA M CTAHAAPTHBIA CIOBaph, a
TAKKE TOKEHAH3ePhl H HMUTATOPHI A1 IBM-COBMECTHMBIX KOMITBIOTEPOB
pacnpoctpanstoTcs PonnoM HART-koMMmyHHKaIIHIA.

[TporpaMmucTs, cocTapisioie onucaHus Ha DDL, IDOMKHBI

(HART-koMMy HHKamHsA)

e ¢ ________________ . u3berath Takux (pParMEeHTOB OIMCAHHH, KOTOPbIE JOMYCKAKT NeHCTBHS
! TloneBoe ycTpoicTBO | WIM CHUTyalliH, He paspeuleHHble IpyriMu TpeboBaHmamu HART-
T NIPOTOKOIA.

Puc. 5.3. T'enepanus W MCONb30BAHME ONMHCAHMH yCTPOMCTR
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5.5. Hcnoan3zoBaHHe ONMMCAHHI YCTPOHCTB

Onnoii u3 33134 pa3pabOTIMKOB XOCT-CUCTEM SIBJIIETCS HATIMCAHHUE
TAKOM ITPOTPaMMBbI (MHTEPIIPETaTOpa), KOTOpas MOXKET HHTEPHIPETUPOBATDH
ONMCAHUS TIOJIEBBIX YCTPOUCTB, TEHEPUPYS NPU 3TOM COOTBETCTBYFOLIHE
BH[Ibl 3KpaHa M peanu3ys B3auMoAcUcTBHE oniepatopa 1 HART-komanna.
HutepnpetaTop IODKEH OBITh pacCiUTaH HAa BO3MOXHBIC H3MEHEHMS
anmapaTHOH M MPOrpaMMHOH Cpeabl XOCT-CHUCTeMbI. HHTepnperaTop
JODKEH 00eCrieuMBaTh BCE CEPBHCHBIE BO3MOXKHOCTH, KOTOPBIE MOTYT
ObiTh ommcaHel Ha DDL, omHako 5TO HE 3HAYUT, YTO OH JOJ/OKEH
cofepkath B cebe abCcomoTHO MONHBIA KOf, peatu3anuu oobektos DDL.
Bosbiizas 9acTh €ro 3aKiroucHa B OMOIMOTEKE ONHCAHHUH, TIe coaepKaTcs
KOZbl PEATH3AIINH Il YHUBEPCATLHBIX U O0MIEYIOTPEOUTENBHBIX KOMaH]
(craHmapTHOE #APO) M KOABL AN CEMEWCTB COBMECTUMBIX YCTPOMCTB.
OOLIYHO HHTEPHPETaTOp, paboTasi ¢ WICHTU(HUIMPOBAHHBIM  MOJIEBBIM
YCTPOMCTBOM, TI0 Mepe HEO0OX0AMMOCTH obpauiaeTcs K 3Toil OubIHOTEKE,
a TaKKe K CTAHJIAPTHOMY CIIOBApIO.

Xoct-cucteMa nomkHa paboTath ¢ mOOBIM  YCTPOHCTBOM,
MIPEACTaBICHHBIM ei. Ecnu cucreMa He mmeer (aiina onmcaHUs Kakoro-
mGo  creruduyHOro ycTpoicTBa, OHa oOpamaercs k OHOMHOTEKe
CTaHOApTHBIX omucaHuil. TakuM oOpasoM, mns sr0boro ycTpoHCTBa
obecreynBalOTCA  BCErJa Kak MHHUMYM 0a30Bbie  BO3MOXKHOCTH.
TTOJTHOCTBIO BO3MOXHOCTH CTIEM(UIHOTO YCTPOHCTBA pEasTM3YIOTCS NPH
3arpy3Ke OMHCaHMsA 3TOT0 YCTPOHCTBa.

B HEKOTOpbIX XOCT-cHCTeMax Habopbl creur(UuHBIX ONUCaHUH
VYCTPOMCTB U CTaHIApTHBIE OMUCaHUs MOTYT OBITh 3apaHee OOBEIUHEHBI.
D10 MOXET OBITh cenaHo B pexuMe off-line ¢ MoMolLibl0 crienydanbHOM
MPOrpaMMBI-JINHKEPa, KOTOpas CUMTHIBAET OIMCAHMUS JUIS HEKOTOPOTO
KOJINYECTBA YCTPOICTB, OOBEAMHAET UX W NPEACTABIACT B CHEHUATBHON
tdopMe HMHTEpPIPETATOPY. OnucaHue yCTPOHCTBA MOXET OBITH
MPECTABICHO UHTEPIIPETATOPY TAKXKE MO CETH B pexHUME on-ling Toraa,
KOT1a HOBOE YCTPOHCTBO BKJIFOYAETCS B CHCTEMY .

5.6. PacnpocTpaHeHHe ONMHMCAHHH YCTPOHCTB

Jlns HOpManbHOM paboTBl XOCT-CHCTEMBI C HEKOTOPHIM HaboOpoM
TIOJNIEBBIX YCTPOMCTB HeoOXoAMMO Hammuue ¢aiijioB OnMMCcaHMit 3THX
YCTPOMCTB. OTH (haiibl MOTYT 3a8TPy)KaThCsl B XOCT-CHCTEMY MO-Pa3HOMY:
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HampuMep, IYTEM KOMMPOBaHMS C (UIONMH-IHCKAa WM IOCPEACTBOM
[IOCAEIOBAaTEIBHOIO  MOpTa. Bo3MOXKeH Takke BapuWaHT, Korua
paspaboTduku OGHOBISIOT MHGOPMALIMIO BO BCTPAaHBAEMbIX MOAYJISX
[OaMATH IIOPTATHBHBIX KOMMYHHKAaTOpoB. B mobom cimydae  Habop
HCIIONB3YEMBIX YCTPOHCTB BCETa JOJDKEH COOTBETCTBOBATh HaboOpy HX
ormcanuii. OOBIYHO pa3paloT4YUKH CHCTEM IpEeIiararoT HMOTpPeOHUTEIM
OazoBplii HAOOp OMHCAHWH YCTPOMCTB M YCIYrH MO MOCIEAYHOLICH
MHCTAJUIAIMKA HOBBIX ONHCaHWHA. Brpouem, mpomeaypa MoAepHH3ALUH
[aKkeTa OMMCaHWH MOBOJBHO TIPOCTA W MOXKET BBIIOJHATHECA CAMHM
TOJIb30BaTEIEM.,

®ong HART-koMMyHHKanMil COOEPIKUT LEHTPATU30BAHHBINH apXHB
3apPETHCTPUPOBAHHBIX W IIPOTECTUPOBAHHBIX OINHCAaHHH  YCTPOJCTB,
KOTOPBIf pErylspHO OOHOBNfETCA. MHOTHE TIPOM3BOMUTENMN IIOJIEBBIX
mpUOOPOB TAKOKE TMOCTABIAIOT HANPAMYIO CBOMM IIOKYIIATENSAM CBEXHE
BEPCHH OIHCaHUH CBOUX YCTPOMCTB.

B OynymeM, BUAUMO, OyOET MPOUCXOAUTH NANhHENIINEE CHMKCHHE
CTOMMOCTH MHKPOCXEM MAaMATH M YMEHBIICHHE MOTPeONIEMOM UMM
MOIIHOCTH. [IO3TOMYy MOXHO MPEAMONIOKHTh, YTO CTAHET BBITOIHBIM
ONMCAHMA TMOJEBLIX YCTPOHCTB 3aHOCHTHh B TIAMATh CAMMX YCTPOMCTB.
XOCT-CHCTEMA  CMOXET CYWTHIBATH 3TO OMUCAHHE TIPH  IIEPBOM
MOAKIIOYEHHH HOBOrO  ycrpoiicTBa. Takoe pemeHHe ObLto OBl
palMOHAIBHO, TaK Kak oHO H30aBWIO Obl mosb3oBareieii ot
HEOOXOAMMOCTH OTCJICKHBATE COOTBETCTBHE YCTPOHCTB WX OIMTHCAHHSM.
Onmako Ha cerogHsAuHUM geub HART-NPOTOKO HE  COAEPHKMT
COOTBETCTBYIOLIMX KOMAaHA I Takux mpoueayp. Kpome toro, o
paboTaeT 10BOJILHO MEIEHHO: HA MOJIHYIO 3arPy3Ky ONMMCaHHil yCTPOHCTB
MOTYT YXOAUTb MHOTHE MMHYTHI 3nech HapalIdBaeTCs Takoe
TEXHUYECKOE DPELICHHE, KOTOPOE peallM30BhIBalio Obl  MOATPY3KY
ONUCAHUHA HE MOJTHOCTbIO, & TOJNBKO TEX HX 4YacTell, KOTOPBIE B HOBBIX
YCTPOHCTBAaX OTIIMYAIOTCA OT CTAPbIX.

5.7. Peziome

S3bix onucaHus ycrpoiictB DDL — BCIOMOraTebHOE CPEACTBO IS
HART-cucrem, cnyxalnee a1 MOJHOTO OMMCAHMS MOBEACHHS MOIEBBIX
YCTPOHCTB B KOMMYHHMKALMOHHOM ceT. DDL mnpemocTasisier HaGop
THIIOB OOBEKTOB H HX aTPUOYTOB, M0 KOTOPHIM MOTYT ObITh MOCTPOEHBI
OMNMCaHUs AAHHBIX, KOMaHJ, MCHIO U BHUIOB 3KpaHOB. OcoObic 0OBEKTHI
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DDL — MeTofpi, NOCPEACTBOM KOTOPBIX ONHCHIBAETCS B3aUMOJICHCTBUE C
ONepaToOpPOM. Onucanusa yCTPOMCTB MOTyT HMIOPTUPOBATLCH U
3aMeHAThCA. [IpoBons aHAnOruu, MOXKHO ckasath, 4to DDL ams HART-
cucteM - 310 TO ke, 4T0 HTML nna Unatepnera.

Ilocpencteom DDL peanu3yercss COBMECTMMOCTh YCTPOMCTB OT
pasnuuHBIX mnpousBoguTencd.  [louytn Bce (GUPMBI-IIPOU3IBOIUTEINH,
sestowuecs wieHaMu @onna HART-kommyHukanui, nenoib3yior DDL
BO Bcex cBoux HoBeIx HART-npoaykrax. Xoct-ycTpoiicTsa,
noanepxusatonme DDL, cMoryT paboTtath ¢ MOOBIM U3 3THX MTPOIYKTOB.

®onn HART-koMMyHukanuil OoafepKUBaeT CTICUMABHBIA apXUB
OMHCAHHUH MOJIEBBIX YCTPOHCTB, B KOTOPOM IPOH3BOJAUTENH I[IPHOOPOB
MOryT peructpupoBats DDL-onucaHus cBoux HOBBIX yCTpoHCTB. DOHI
KOOPIUHHUPYET TaKOKe pacapocrpadedue DDL-onucanuii  cpenu
Pa3paboTIHKOB XOCT-yCTPOHCTB, KOTOPLIE ABJHAIOTCA WieHaMu DoHpa.
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TIpunoxenune

Hose3nble ccblilky HA caliThbl HHTEpHETA

http://www.hartcomm.org - ouumaneHeii caiit @onma HART-
KoMMyHuKartuii. Conepyxur TexHudeckne 063opsl, crenuduxarm HART-
MpoTOKoya, apxuBbl DDL-onucanuii NOJEBBIX YCTPOMCTB, CCBUIKA Ha
caiitel mponsBoautenci HART-npoayKToB.

http://www.romilly.co.uk - BechMa TIOJNE3HBIA caliT PoMuLH
BoyneHa — H3BECTHOrO B AHITIMM W BO BCEM MHpE MOMyJIspU3ATOpA
HART-cuctem.

htip://www.thehartbook.com - web-BepCHs  HM3aBAEMOro
MexayHapoaHoro xxypHana “The HART Book” ¢ noBoctsmm 0 HART-
MPOOYKLMH ¥ €€ IPOU3BOIUTEIIX.

hitp://'www.rosemount.com — OIWH W3 caliToB KommaHuu Fisher
Rosemount, sistomietics nepssiM pazpadborankoM HART-mpoTokona.

hup:/fwww fieldbus.org — opuvnmaneneiii caiit Fieldbus Foundation
— (onga noneBbix koMmyHuKaiwi Fieldbus.

hitp.//www.metran.ru — CaliT MpOMBIIIIeHHOH rpymmsl “Metpan”™ -

POCCHHCKOro TTPOU3BOIUTENA HUHTEJUIEKTYaJIbHBIX YCTPOHCTB,
noanepxupatominx HART-niporokodt.
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