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NcTopusa pepakTMpoBaHus

26.07.2012 co3paHa pegakuus 1.00;

05.05.2013 pobasneHo lMpunoxeHue 6 (pepakuunsa 1.01);

01.08.2013 pobaBneHo onncaHne nameHeHnn ana pacxogomepa sepcun MO 3.12.
14.09.2020 co3gaHa pegakuus 1.05:

= [lo6aBneHo onncaHne NPMMEHMMOCTU LOKYMEHTA K pasHbIM Tunam npmbopos;
08.10.2020 co3gaHa pegakums 1.06:

= [lob6aBneHo onucaHne nons «ConpoTUBREHME XNOKOCTU» B apXMBHON 3anucy;
27.10.2020 co3paHa pegakuus 1.07:

= W3ameHeH pasgen onucaHuna paboTbl ¢ agantepamMmu MHTepgencos;

= [lo6aBneHo onucaHune pexunma RTU,;

24.06.2021 co3paHa pegakuus 1.08:

= KcnpasneHo o6o3HaveHne Tuna double (32 6uta ucnpaeneHo Ha 64 6uta);

= [loBaBneHo onucaHue LenoyYncneHHbix nHterpanos V+, V- (agpeca 182, 184);
13.07.2022 cosgaHa pegakuma 1.09:

= WcnpaBneHa o6nacTb NPUMEHEHNSA LOKYMEHTA;

= [lononHeHo onucaHne BHewWHero agantepa RS-485;

19.09.2023 cosgaHa pegakumsa 1.10:

- ﬂ,06aBJ'IeHO onncaHme nomna «Bepcud MeTporiorm4eckun HE3Ha4YMMOM YacTu

nporpamMmmbly;
= [lo6aBneHo npumevaHne o peanusauum napaMmeTpoB ¢ agpecamn 182, 184.
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1 BBepeHue

1.1 OO6bwue cBegeHun

[laHHOe pYyKOBOACTBO pacnpocTpaHseTcs Ha pacxogomepbl  «[utepdrnoy PCy,
«Mntepdnoy K».

Pacxogomep «lutepcdnoy» (aanee lNpubop) no3BonseT nonyyaTb TeKywme U apxXuBHble
napamMeTpbl, a Takke npegocTaBnaeT LOCTYN K YTEHUIO U U3MEHEHUK HACTPOEYHbIX
napamMeTpoB 4epes3 nocrnegoBaTesibHbIN UHTepdenc. Pusnyeckn ypoBeHb UHTepdenca
BbINONHEH B cooTBeTcTBMM cO cTaHgaptom LIN (Local Interconnect Network), ncnonbsyetcs
BHYTPEHHUA KOMMYHUKaUMOHHbLIA npoTokon. MNMapameTtpbl HacTpoek: 19200 6uTt/cek., 8 6ut
AaHHbIX, 1 CTONOBbLIN, KOHTPOJSIb YHETHOCTU OTCYTCTBYET.

1.2 Apantepbl MHTepcencoB

CoegnHeHne npubopa C CUCTEMOM BEpxXHEro YPOBHA OCYLIECTBNAeTCA 4epes
WHTennekTyanbHble aganTepbl, KOTOpble HABNAKTCA  KOHBepTOopamu  MHTepdencos
PU3NYECKOr0 YPOBHS M KOMMYHWUKALMOHHOIO npotokona. Co CTOPOHbI CUCTEMbI BEPXHErO
YPOBHA  OHU  UMEKT pasnuyHble  uandeckne UHTepdencbl n  peanusaumm
KOMMYHUMKALMOHHOIO NMPOTOKOMa nepefayv aHHbIX, @ CO CTOPOHbI npubopa Bceraa MMeT
dousndeckum nHtepenc LIN n peanmsyoT BHYTPEHHUA KOMMYHUKALMOHHLIW MPOTOKOJT.

CyLecTByOT aganTepbl cregyowmx omusmyecknx NHTepdEenNCcoB:

e EthernetSlpubop. MNo3BonsaeT nogknounTb 40 ABYX pacxogomepos «[Mutepdnoy». B
cetn Ethernet peanusyeT cepsep KOMMYHUKaUMOHHOro npotokona «Modbus TCP» (TCP
nopt 502 — pacxogomep Ne1, nopt 503 — pacxogomep Ne2 (mopm 503 moxem
omcymcmeogame 8 3agucuMocmu om UcrosiHeHUs adanmepa)). Agantep no3sondet
OCYyLLECTBNATb HE3AaBUCUMbI OOHOBPEMEHHbIN ONMPOC NOAKMOYEHHbIX NPUOOPOB.

LIN
Ethernet Mopt 502« > I-IMTeI\II:z’dlmOy
Apantep :
K ﬁ‘(v
oMnbloTEP ¥\ Ethernet LIN |
MopT 503« > MTe%qmoy
Modbus TCP s

PucyHok 1: Agantep EthernetSMpu6op

e RS-2325Mpubop. o3BonseT NOAKMIOYUTbL OAMH PacXo4oMep K KOMMbHTEpy wnu
mogeMy. He gonyckaeTtcs ucnorb3oBaHue B CETU, paspeLleHOo MOAKMYEHNEe TONbKO
TMNa ToYKa-TouKa. icnonb3yeTcsa nocnenoBaTesibHbI aCUHXPOHHbLIA NOMNYAYNNEKCHbIN
nHTepderic. MNMapameTtpbl HacTpoek: 9600/19200 6ut/cek., 8 GUT AaHHbIX, 1 CTOMOBLIN,
KOHTPOSb YeTHOCTK oTcyTcTBYEeT. Co CTOpPOHbI RS-232 peanuayeT KOMMYHUKaLMOHHbIE
npoTokonbl «Modbus ACSII», «Modbus RTU» (peanusayusi npomokosia Modbus RTU
MOXxem omcymcmeogamb 6 adarimepax, 8bifyu,eHHbix 0o 01.06.2020).

RS232 LIN

KomnbioTep |(ummmms) Asg;;‘;p < > HMT?“%?”OV

Modbus ASCII/RTU

PucyHok 2: Agantep RS-2325TMpubop

e RS-4845Mpubop (BHewHun agantep). No3BonseT NoakNOYMTL PacxogoMep B CETb
RS-485. Wcnonb3dyetca nocrnegoBaTenbHblA  aCUHXPOHHBIA  NMOSyAYNneKCHbIN
nHTepdenc. NMapameTtpbl HacTpoek: 9600/19200 6ut/cek., 8 GUT AaHHbIX, 1 CTOMNOBLIN,
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KOHTPOSb YeTHOCTK oTcyTcTBYyeT. Co CTOpOHbI RS-485 peanuayeT KOMMyHUKALMOHHbIE
npotokonbl «Modbus ACSII», «Modbus RTU» (peanusayus npomokosa Modbus RTU
Mo)xem omcymcmeogams 8 adarnimepax, ebinyu,eHHbix 0o 01.06.2020).

e RS-4845MMpubop (BCTpoeHHbIV aganTep). [o3BONsSET NOAKMYNTL pacxogoMep B CETb
RS-485. Wcnonb3yetca nocriegoBaTeribHbIA  @CUHXPOHHBLIN  MOSyAYMNieKCHbIN
nHTepdenc. NapameTpbl HacTpoek: 1200-115200 6ut/cek., Kof-BO BUT AaHHbIX, KOJSI-BO
CTOM-6UT, KOHTPOSb YETHOCTUN B 3aBUCMMOCTU OT HacTpoek agantepa. Co cTOpoHbl RS-
485 peanusyeT KOMMYHUKaLMOHHBIA npoTokon « Modbus RTU».

RS485 LIN

KomnbioTep |(ummmms) Asgz;gp < > nmiﬂ‘fnoy

Modbus ASCII/RTU
PucyHok 3: Agantep RS-4855Tpubop

1.3 YpOBHM npoTokona o6meHa

OTOT pasgen coaepxXuT Kkpatkme ceegeHus ua ctaHgapta « Modbusy». MogpobHyto
NHOPMaLMIO MOXHO MOMY4YnUTb U3 JOKYMEHTOB, pa3MeLLeHHbIX Ha canTte www.modbus.orq:

e Modbus Application Protocol;

e Modbus over serial line;

e MODBUS Messaging on TCP/IP Implementation Guide.

1.3.1 Jlozuyeckul ypoeeHb

Jlornyecknin ypoBeHb NpOTOKONa oTBevaeT 3a cnocob goctyna K gaHHbiM. [lpoTokon
«Modbus» onpeaensieT noustue PDU (Protocol Data Unit), HesaBucnmoe ot ncnonb3yemoro
KOMMYHUMKaLMOHHOIO npoTokona. PDU cogepxut 2 nons: kog dyHkuumn (onvHa 1 6ant) um
AaHHble (onnHa He Bonee 252 6anT). NogpobHoe onucaHmne NorMyeckoro ypoBHSA NpuBeaeHo
B pasgene Peanu3oBaHHble OYHKLIMK MPOTOKONA.

Function code Data

PDU
< >

PucyHok 4: Coctas PDU
1.3.2 KoMMyHUKauyUOHHbIU ypOBEHb

KOMMYHUMKaUNOHHBIN  ypOBEHb MNPOTOKOMla OTBeYaeT 3a [JOCTaBKy repenaBaemMon
WHopMauun mexay OByMs coBMecTUMbIMM «Modbus». B pasnnyHbiX KOMMYHMKaALWMOHHBLIX
npoTtokosniax PDU gonosiHaeTcs NonsiMu ceTeBOW afipec, KOHTPOSMbHAs CymMMa, 3arofioBoK U
T.4., 0bpasya npu atom, noHatTme ADU (Application Data Unit). [JononHUTEnNbHbIE MO
TpebytTca Ana agpecaunn, naeHTUUKaumm n KOHTPONA LeNOCTHOCTU AaHHbIX.

HesaBMCMMO OT KOMMYHMKaLMOHHOIO npoTokoria npubop paboTaeT TOMbKO B pexume
«BeAOMbIN». OTO O3HA4YaeT, YTo NPUBOP MOXET BbLIMNOMHUTL MOCHINKY TOMBKO B OTBET Ha
3anpoc CUCTEMbI BEPXHErO YpoBHs. Bpems otBeTa npnbopa He npeBbiwaeT 500 mc. B cnyyae
OTCYTCTBUSA OTBETa OT Npubopa cuctemMa BepxXHEero YypoBHS OOSDKHA BbINOMHUTE MOBTOP
3anpoca.

ADU «Modbus RTU»

B cny4yae wucnonb3oBaHUs KOMMYHMKaUWMOHHOroO npoTtokona «Modbus RTU» PDU
AOMNOJSTHAETCA NONsAMU CeTEBOW aipec U KOHTPOSbHas CyMma.
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ADU
< >

Net. Address | Function code Data CRC

PDU
< >

PucyHok 5: ADU ansa «Modbus RTU»

CeTeBon agpec cnyxuT gnga agpecaunmm npnbopa B ceTn. KOHTponbHasi cymma CriyxuT ans
NPOBEPKN LIENOCTHOCTU AaHHbIX. Mepefatoliee yCTPONCTBO BbIYUCASET KOHTPOSBHYIO CYMMY
HazZ BCEMMW NOSIIMU NOCBISIKA, U 3aTeM pe3ynbTaT BblYUCIIeHNa o0aBnaeT B KOHEL, MOCLINKN.
MpuHUMatoLee yCTPOMCTBO, MNOMYYMB BCHO MOCHISIKY, BbIYUCAAET KOHTPOSBHYHO CyMMY Kagpa
ana Bcex 6anMToB coobuieHusi, ucknodass 6anTbl KOHTPONbHOM cymMmbl. B cnyvae, ecnu
NPUHATaAs W BbIMUCNEHHAs KOHTPOJSIbHblIE CYMMbl pPaBHbl, MNPUHUMAETCA peLueHne o
AOCTOBEPHOCTU MPUHATOrO Kagpa. B mpoTmuBHOM cryyae kagp cuYMTaeTcs He4OCTOBEPHbLIM.
Ecnn npnbop nonyvyaet HeAOCTOBEPHLIN Kaap, OH €ro UTHOPUPYET U HE NOCLINIaeT Kaknx-nmbo
OTBETHbIX COODOLEHMA. DTO O3HAYaEeT, YTO CUCTEMA BEPXHENO YPOBHS HE NOMyYnT OTBETa B
TeYeHne O0Xmgaemoro BPEMEHW W OOSMKHA caenaTtb MNOBTOp 3anpoca. Ecnun xe akt
nosly4eHns HeJOCTOBEPHOWN NOCHLINIKM OBHapy>XeH CUCTEMOM BEPXHEIO YPOBHS, TO OHA MOXET
BbINOMHUTL NOBTOP 3anpoca.

Mpn nepegayve ncnonb3yeTcs ABONYHAsS CUCTEMA KOAUPOBAHUSA, Hayaro 1 KOHeL, MOCbISKN
onpenensarTcs No ANUTENbHOCTU «MHTEpPBana TULLNHbBI» - BDEMEHN, B T€YEHNE KOTOPOro He
npoucxoauno nepefadn. T.e. kagp COOBLLEHNSA «3aKM4YeH» Mexay OBYMS MHTepBanamu
TULWNHBI. BanTbl COOOLLIEHNS AOMKHbI NepeaaBaTbCA HENPEpPbIBHbIM MOTOKOM. ANMTENbHOCTb
WHTepBana TUWwwuHbl no ctaHgapty «Modbus RTU» onpegensietca kak 3,5 AnMTEnNbHOCTU
nepegayun 6anTta Ha 3agaHHON CKOPOCTM.

B kauecTBe dyHKLMM pacyeTa KOHTPOSbHOM CyMMbl B pexxume RTU ncnonbsyetcs Cyclical
Redundancy Checking (CRC16). Npumep cdyHkumnmn pacdeta CRC16 npuBeneH B [NpunoxeHum
7, a onucaHue reHepauum KOHTPONbHON CyMMbl MOXeT ObiTb HaWAEHO B LOKYMEHTauuMu Ha
cante www.modbus.org.

ADU «Modbus ASCII»

B cnyyae wucnonb3oBaHUs KOMMYHMKaLMOHHOrO npotokona «Modbus ASCIl» PDU
AOMNOJSTHAETCA NoNsAMU CeTeBOW apec U KOHTPOrbHas CyMma.

ADU
< >

Net. Address | Function code Data LRC

PDU
< >

PucyHok 6: ADU ans «Modbus ASClI»

CeTeBoli agpec CnyxuT ans agpecaumm npnbopa B cetn. KOHTponbHas cymma CnyxuT ans
NPOBEpPKM LIENOCTHOCTK AaHHbIX. [Nepenatolee yCTPOMCTBO BbIYUCIISIET KOHTPOIbHYO CyMMYy
Hag BCEMW NONSMU MOCLINKKX, U 3aTEM pe3ynbTaT Bbl4UCNEHUst 400aBMNSET B KOHEL, NOCHISTKN.
MprHMMatoLLLee YCTPOMCTBO, NOSYYMB BCKO MOCLISIKY, BbIMUCASIET KOHTPOSbHYO CyMMY Kaapa
ana Bcex 6amToB coobuieHusi, ucknioyas ©anTbl KOHTPOSMbHOW CyMMmbl. B cnyvae ecnu
NPUHATAsE N BbIYUCINEHHAA KOHTPOSbHbIE CYMMbl paBHbl, MNPUHUMAETCA pelleHne o
AOCTOBEPHOCTU MPUHATOro kagpa. B npoTMBHOM cnyyae kagp cYMTaeTcs HegOCTOBEPHbIM.
Ecnn npnbop nonyvyaet HeAOCTOBEPHbLIN Kaap, OH Ero UTHOPUPYET M HE NOCLINAeT Kaknx-nmbo
OTBETHbIX COOOLLEHMIA. DTO O3HAYaET, YTO CUCTEMA BEPXHENO YPOBHS HE MOMy4YnT OTBETA B
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Te4yeHne oxmngaemoro BpemMeHU W1 [OOoJPKHa caeliaTb MOBTOp 3alpoca. Ecnu xe (baKT
noJsiydeHusd He,D,OCTOBepHOVI NOCbIJTIKA 06Hapy>|<eH cuctemom BEPXHEro YpOBHA, TO OHa AOJTXHa
BbIMOJIHUTb MOBTOP 3anpoca.

Mpn nepepaye ncxogHble ABOMYHbIE AAHHbIE KOAMpYOTCA. Hadano u koHew cooblieHuns
noMeYeHbl crneuunanbHbiMM Mapkepamn. Havanom coobuieHus Bcerga siBNSeTcd CUMBOI
asoetouna «:» (Ox3A B WecTHaguaTepuyHoM npeacTtasneHun). KoHuom coobuleHns Bcerga
SBMsieTCA napa cumMBosoB «Bo3Bpat kapeTku» (CR) n «nepesog ctpokun» (LF) (0XOD n Ox0A
COOTBETCTBEHHO B LWlecTHaguatepuyHoMm npegcrasneHun). Kaxablh 6anT ABOMYHOrO
ncxogHoro coobueHna nepegaeTcsa B Buae napbl cumMmBonoB. Hanpumep, 3HaveHne 27 (0x1B
B LWeCTHaguaTepuyHoOM npencraBneHnmn) dyageT npefcraBneHo Kak napa cumeonos ‘1’ (0x31 -
CUMBOJbHOE npeacTaBneHne ctapwmnx 4-x 6utos) u ‘B’ (0x42 - cMMmBoOsSibHOE NpeacTaBrieHne
Mnagwmnx 4-x 6utos). [JonycTumble CMMBOSbLI Afs nepedadn - 3TO WecTHaguaTepuyHble
cumBonbl 0-9, A-F. B kayecTtBe (PYHKUUM pacyeTa KOHTPOSIbHOW CYyMMbl WCMOSb3yeTcs
Longitudinal Redundancy Checking (LRC). lNpumep ¢yHKkummn pacdeta LRC npuBegeH B
MpunoxeHnn 1, a onucaHue reHepauum KOHTPOSIbHOW CYyMMbl MOXET OblTb HangeHo B
AOKyMeHTaumu Ha cante www.modbus.org. MNMpumepbl pyHKLMIA NepekognpoBKM U3 ABOUYHOIO
npeacrtasneHns B ASCIl u n3 ASCIl B [OBOMYHOE nMpedcTaBrieHMe npuBedeHbl B
MpunoxeHnn 2. Hag OBOMYHBLIM coepXumbiM Oydpepa nepegayvvm cHadana BbINOSHAETCS
pacyeT KOHTPOJSIbHON CyMMbI. 3aTeM BOVYHbIE AAaHHbIE BMECTE C NOSIEM KOHTPOSbHOM CYyMMbI
nogsepratotca npeobpasosaHuto B ASCIl 1 3atem pesynbTaT AOMNOSHAETCA CUMBOJSIAMU
Hayana v KoHua Kagpa.

ADU «Modbus TCP»

B cnyyae wucnonb3oBaHWs KOMMYHWUKauuMoHHoOro npotokona «Modbus TCP» PDU
pononHsietca 3aronoskom MBAP (MODBUS Application Protocol), cnyxawmm ans
naeHTuduKaumn.

ADU
< >

MBAP Header] Function code Data

PDU
< >

PucyHok 7: ADU ansa «Modbus TCP»
MBAP cogepxuT crnegytoLime nosns:

e UWpeHTndpumkatop 3anpoca (onvHa 2 6anTa). 3anonHaeTcss CUCTEMON BEPXHETO YPOBHS.
KonupyeTcs npubopom 13 3anpoca npwv BbINOMIHEHWMM OTBETA;

e WpeHTndpukatop npoTtokona (gnuHa 2 6anta). [JormkeH ObiTb paBeH 0;
e [InuHa coobuweHuns B bantax (anvHa 2 6anTa). [lormkHa 6biTb paBHa gnvHe PDU + 1;

e CeteBou agpec npubopa (anmHa 1 6anT). 3anonNHAETCs CUCTEMOW BEPXHErO YPOBHS.

[Mpn BbINONHEHUN OTBETA NPMOOPOM 3aNOMHAETCA B COOTBETCTBMM C €r0 HACTPONKON.
[1Byx6anTHbIE NONA 3arofnoBka nepeaarTcs B Nopsake cHavana ctaplumin, 3aTem Mnaglimm
GanrT.
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2 Peanun3oBaHHble (pyHKLUM NpoOTOKOSaA

2.1 ®yHkuma Modbus 03 (0x03 hex) (Read Holding Registers) n 04 (0x04 hex) (Read
Input Registers)

OyHKUMM NpefHa3HayYeHbl 4515 YTEHUS OBOMYHOIO COAEPXUMOro LecTHaauaTnpaspagHbIX
pernctpoB npubopa. Otnuune pyHkumm 0x04 ot 0x03 B TOM, YTO OHa NPUMEHSAETCS TOSIBLKO
ANa YTeHna napamMmeTpoB, HEAOCTYMHbIX AN 3anvcu. B obwem Buge CTpyktypa 3anpoca u
OTBEeTa MMeeT crneayoLwmn sua;

PDU 3anpoca:

DYHKLMS HavanbHbIn HavanbHbin KonunyectBo KonuyecTtBo
Ong /(I)'lx 04 agpec agpec pernmcTpoB perncTpoB
(cTapwmn 6auT) [(Mnagwun 6anT)| (ctapwwun 6anT) | (Mnagwwnn 6anT)

Mone Data PDU cogepxut nona «HavanbHbI agpecy», yKasbiBalOLWMA C KaKOro perucrpa
HauMHaTb YTeHune, n «KonnyectBo perMcTpoBy, ykasbiBatoLlee, CKONbKO PerncTpoB creayet
npoynTaTb.

PDU oTtBeTa B crnyyae BbINONIHEHUS 6€3 OLLIMOOK:

KonuyectBo y y y
dyHKUNA 6aiiT JaHHbIX B 1-bw peructp | 1-bi peructp | bantel pernctpos
0x03/0x04 oTBETE (cTapwwmn 6anT) |(Mnagwunn 6anT) 2,3...N

B cnyyae ycnewHoro BbINOMHEHUS B OTBETE MPUCYTCTBYET COAEPXUMOE 3anpoLLeHHbIX
peructpoB. [Mone «KonuyectBo 6alT [aHHbIX B OTBeTe» OyAeT paBHO KOMUYECTBY
3anpoLLEHHbIX PErMcTpPoB, YMHOXEHHOMY Ha ABa. [lpounTaHHOE CoaepXXMMoe PEerMcTpoB
HaunHaeTcs ¢ GanTa, criegytolero 3a nonem «Konumyectso GanT AaHHbLIX B OTBETEY.

PDU oTtBeTa npu BO3HUKHOBEHNWN OLLUMOKN:

dyHKuma 0x83/0x84
(ycTaHoBneH ctapLumi 6uT)

Kon owmnbku

[ns nHdopMmMpoBaHusa BeayLLEro 0 TOM, YTO onepauns He BbINOSIHEHA UMK BbINOJTHEHA C
owmnbkomn, npnbop yctaHaBnmnBaeT ctapLumi 6ut nonsa «PyHkumna» B otBeTe. banT, cnegyowmmn
3a nonem «PyHKUMAY», ByaeT cogepxaTtb Kog OLNOKKM (3HAa4YEHNSA KOAOB OLLIMOOK NpMBEAEHbI B
MpunoxeHun 3).

2.2 ®yHkuma Modbus 06 (0x06 hex) (Write Single Register)

®dyHKUMA  npegHasHayeHa  AnA 3anMcM ABOMYHOTO  COAEPXWMMOro  OJHOro
LuecTHaauaTupaspsaHoro permctpa npuéopa.

PDU 3anpoca:

DyHKUMA Anpec Appec 3HauyeHne 3HauyeHne
0x06 (cTapwwuin 6anT) |(Mnagwwun 6anT)| (cTapwmn 6anT) |(Mnagwun 6anT)

Mone Data PDU 3anpoca cogepxuT nons «Agpec», ykasblBalOLUW B KakoOW PErncrTp
BbIMOSTHAETCS 3anucb, M 3HAYeHNe 3anMcbiBaemMoro perncrpa.

PDU oTtBeTa B cry4ae BbINONHEHUS 6€3 OWnBOoK:

DyHKUMA Anpec Appec 3HauyeHne 3HauyeHne
0x06 (cTrapwwuin 6anT) |(Mnagwwn 6anT)| (cTapwmi 6anT) |(Mnagwmn 6anT)

B cnyyae ycneuwHoro BbinonHeHnst PDU oTBeTa cogepXmut Konuto nepsbix natn 6ant PDU
3anpoca.

PDU otBeTa npu BOSHMKHOBEHNWN OLUNOKMN:

dyHkuma 0x86 (yctaHOBMEH

cTapLumin 6ur) Kon owmbku
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[na nHdopMmnpoBaHna BedyLero 0 ToM, YTO onepaumsi He BbINOSTHEHA UMW BbINOSTHEHA C
owmnbkomn, npnbop yctaHaBnmBaeT cTapmi 6ut nonsa «PyHkuma» B otBeTe. banT, cneayowmm
3a nonem «PyHKUMA», ByaeT cogepxaTb Kog owmnbKn (3Ha4YeHMs KogoB ownboK npuBeaeHbl B
MpunoxeHun 3).

2.3 ®yHkuma Modbus 16 (0x10 hex) (Write Multiple Registers)

dyHKUMA NpegHasHavyeHa ansa 3annucu BOUYHONO COA4EePXXMMOro LecTHaguaTMpaspsaHbIX
pernctpoB npubopa.

PDU 3anpoca:

Hay-bin | Hau-bi1 | Kon-so | Kon-Bo Kos-Bo 1-bin 1-biA
PyHKUMA agpec aApec | per-os | per-oB | .. | PermcTp | permcTp BanTbl per-
0x10 (cTapwwmin| (Mnagwm | (cTapwumn | (mnaawm A (ctapwwmn | (Mnagww | os 2,3...N
9 NS . oo 3anuncu 9 NS
BanT) n 6ant) | Gaur) n 6anT) BanT) n 6anT)

Mone Data PDU 3anpoca cogepxuT nonst « HavyanbHbI agpecy, ykasbiBaroLMi C Kakoro
perucTpa HauyuHatb 3anucb, «KONMYecTBO PerucTpoBy», yKasbiBatollee, CKOMbKO Perncrpos
cnegyet 3anucatb, «KonunyectBOo 6ant Ans 3anuMcu» M HENocpeaCcTBEHHO 3HayeHus
3anuncbiBaeMbIX PErmcTpoB.

PDU oTtBeTa B cryyae BbINOfIHEHUS 6e3 OLMOOK:

Kon-Bo per-os
(cTapwwmn 6anT)

Kon-Bo per-os
(Mnagwwmn 6anT)

DyHKUMSA
0x10

Hau-bin agpec
(cTapwmin 6anT)

Hau-bi agpec
(Mnagwwmin 6anT)

B cnyyae ycnewHoro BbinonHeHns PDU oTBeTa coaepXuT Konuto nepsbix natn 6ant PDU
3anpoca.

PDU oTBeT npu BO3HUKHOBEHUW OLUNOKMU:

dyHkuma 0x90 (ycTtaHOBEH

cTapLumn 6ur) Kon owmbku

[ns nHdopMmMpoBaHusa BeayLLEro 0 TOM, YTO onepauns He BbINOSIHEHA UMK BbINOJTHEHA C
owmnbkomn, npnbop yctaHaBnmnBaeT ctapLumi 6ut nonsa «PyHkumnay B otBeTe. banT, cnegyowmin
3a nonem «PyHKUMAY», ByaeT cogepxaTtb Kog OLNOKKM (3HAa4YEHNSA KOAOB OLLIMOOK NpMBEaEHb! B
MpunoxeHun 3).

2.4 ®yHkuua Modbus 20 (0x14 hex) (Read File Record)

DyHKUMA NpegHasHayeHa ans YTeHusa peructpoB davna. dann opraHM3oBaH Kak Habop
3anucen ¢ Homepamu ot 0000 o 9999. OyHKLMS MOXET YMTATb HECKOSNBKO PasfUYHbIX rpymnn
pernctpoB. [pynnbl MoryT ObiTb HenocregoBaTeNlbHbIMW, HO PEerncTpbl BHYTPU rpynnbl
OOIMKHbI BbITb NOCreaoBaTesbHbIMU.

PDU 3anpoca:

pynna | Mpynna | Fpynna | Fpynna | pynna | pynna Fpynna | Fpynna
pynna X X X X X X pynna X+1, X+1,
DyHKUA OnvHa X T , HOMep | X, Homep | X, Homep | X, Homep | X, AnuHa | X, AnvHa | 12 HOMeD HOMED
3anpoca ’ cdanna | canna | 3anmcu | 3anmcu | 3anMcu | 3anucu ' o o
0x14 . (Bcerga (Bcerpa | cdavna | damnna
(7+245) aBeH 6) (ctapw. | (Mnagw. | (ctapw. | (Mnagw. | (ctapw. | (mnagw. aBeH 6) | (cTapw. | (Mnaaw
P Gait) | 6ait) | Gait) | 6ait) | 6aint) | Gant) |P o Vf’T)' Gavﬂ) :

Mone Data PDU 3anpoca coaepxur:

e [lone «anuHa 3anpoca»= 7 * N, rae N — konu4ecTBo rpynn 3anpalinBaemMbix
pPerncTpos;

e OnuncaHue rpynn 3anpawmnBaeMbiX PEMMCTPOB, KaXK40€ N3 KOTOPbIX MMEET NONs:
Twvn. Bcerpa paBeH 6;

o Howmep danna;
o Homep 3anuncu BHyTpK dpanna;
o [HOnuHa 3anucu. OnpegenseTr KONUYECTBO 3arnpallvMBaeMblX PeErncTtpos

rpynnbi.
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PDU oTBeTa B cnyyae BbiNnonHeHUs 6€3 OLWnBOK:

pynna | Mpynna | Mpynna | Mpynna pynna | Mpynna | Mpynna | Fpynna
pynna | Mpynna X, X, X, X, pynna | Mpynna X+1, X+1, X+1, X+1,
DyHkuus | OnuvHa X, X, TUN | perncTp | perucTp | perucTp | peructp X+1, |X+1, TMn| perncTp | perucTp | perucTp | peructp
0x14 oTBeTa | AnuHa | (Bcerga 1 1 2 2 anvHa | (Bcerga
(6anT) |paBeH 6)| (cTapw. |(Mnagw. | (ctapw. |(Mnagw. (6anT) |paBeH 6)| (cTapw. |(Mnagw. | (cTapw. |(MnagLw.
6anT) GanT) GaniT) GawiT) 6awiT) 6awiT) 6awiT) 6awiT)

Mone Data PDU 3anpoca coaepxur:
o [lone «gnuHa otBeTta»=((pynna X, gnvHa) + 2)+((Mpynna X+1, gnuHa)+2)+...;
e [pynnbl perncTpos, Kaxaasa n3 KOTOpbIX UMEET:
o [OnuHa rpynnsl (6anT);
o Twn. Bcerga paBeH 6;
o Pernctpbl gaHHbIX.
PDU oTBeT npu BO3HUKHOBEHUM OLUNOKMW:

®dyHKums 0x94 (ycTtaHoBNeEH

cTapLmmn 6ur) Koa owmbku

Ana nHdopmMmmpoBaHuA BeayLLEero 0 TOM, YTO ornepaumnsi He BbINOMHEHa UMW BbINOMNHEHa C
owmnbkomn, npubop yctaHasnmeaeT ctapLumii 6ut nonsa «PyHkuma» B otBeTe. banT, cneayowmin
3a nonem «®PyHKUMA», OByaeT cogepxaTb Kof ownbKM (3Ha4YeHMa KogoB OWMBOoK NpuBeaeHbI B
MpunoxeHun 3).
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3 OpraHumsaumsa AocTyna K AaHHbIM

3.1 MCHO.ﬂb3yEMbIe TUNbl AAaHHbLIX U YCJIOBHbIE 0603Ha4YeHus

unsigned char —6e33HakoBoe Lenoe 4ncno (8 6ur);

signed char —3HakoBoe uenoe 4mcno (8 éur);

unsigned short —6e33HakoBoe Lenoe 4ncro (16 our);

signed short —3HakoBoe uernoe yucno (16 6uT);

unsigned long —6e33HakoBoe Lenoe Yncno (32 6uta);

signed long —3HakoBoe uenoe vncrno (32 éurta);

unsigned __int64 —6e33HakoBoe Lienoe Yucno (64 buta);

signed __int64 —3HakoBoe Lenoe 4ncno (64 éuta);

float — BewecTBeHHOE YMCIIO OAMHAPHOW TOYHOCTU (32 BuTa) C NNaBawLwen 3ansaTon,
cooTBeTcTBYOLWee cTaHaapTy «|EEE 754,

double — BellecTBeHHOE 4YUCMO ABOMHOW TOYHOCTM (64 ©uTa) C Nnasatowen 3ansTon,
cooTBeTcTBYOLWee cTaHaapTy «|EEE 754,

R/O — pocTtyn TONbKO Ha YTEHueE;

R/W — pocTyn Ha 4YTeHue 1 3anuck (6e3yCcrioBHbIn);

PAS - gocTyn Ha YTeHne, AOCTYN Ha 3anucb Npu NpeabsiBlIeHMM Napons;

KEY - gocTyn Ha 4YTeHne, AOCTYN Ha 3anucb NPU HanM4Ynm anNeKTPOHHOIO KIYa;

JUM - foCTyn Ha YTeHne, AOCTYN Ha 3anucb Npu YCTaHOBIIEHHOM NepeMblyke «3alumtay;
KEY+JUM - goctyn Ha YTeHue, JOCTYN Ha 3anncb Npv HanM4ynu aNeKTpoHHOro Kro4va v
Npwu YyCTaHOBIIEHHOW NepeMbIYKe «3almTay;

3.2 PerMCTpOBbIﬁ A0CTYN U XapaKTepuCTtukn napameTpoB

[locTyn K TeKkylWMM M HacTpoeYHbIM napameTpam npubopa peanunsoBaH vepe3 OyHKUUM
YTEHWsT U 3anncu pPEerncTpoB — MepemMeHHbIX, MMEWLMX TUN LecTHaguaTMpaspsaHoe
6e33HakoBoe Lenoe. MNpu opraHnsaumnm permcTpoBoro 4ocTyna AenaeTcs AonyLleHne, YTo Bce
MHOroobpasHble CTPYKTYpbl OaHHbIX pacrornaralTcs B NaMsiTU, 3NeMeHTapHOW siYelrKon
KOTOPOM SABNSIETCA OAMH LUeCTHaAauaTupas3psigHbld pernctp Tuna «be33HakoBoe Lenoey.
®dun3nyeckn AaHHbIe MOTYT HAXOAMUTbLCS B COBEPLUEHHO pasHblX yyYacTkax namsitu npubopa u
Aaxe B pasHblx TUNax namsitu (onepaTtuMBHasi, aHeproHe3aBucUmas 1 T.4.), HO Ansi CUCTEMbI
BEPXHEro YPOBHSA AaHHbIE «BbIMMAAAT» Kak eauHoe aapecHoe NpoCcTpaHCcTBOo. B aTom cnyyae
BCE [OCTYMHble [aHHble MOXHO NpPeAcTaBUTb Kak MacCMB LUeCTHaguaTMpaspsigHbIX
PEerMcTpoB, Kaxabll U3 KOTOPbIX XapakTepu3yeTcsi HOMepPoOM B MaccuBe (Oarnee aapecom).
Kaxgbii napameTp npubopa MOXeT 3aHMMaTb YacTb perncrpa, BeCb Pernctp LesIMKom unm
HEeCKONbKO pernctpoB. TakMum obpas3om, napamMeTp xapakTepusyeTcsi COOCTBEHHbIM TUMOM U
pacnonoXeHnem BHyTpM MaccuBa PerMcTpoB.

[locTyn K apxumBaMm OpraHuM3oBaH 4epe3 CcTaHAapTHble QYHKUMN 4YTeHua annos,
npenycMoOTpeHHbIE NPOTOoKoNIoM «Modbusy.

3.3 [opsapok xpaHeHUA U nepeaayn 6anT fgaHHbIX

[nsa 4yTeHus n 3anucn perucTpoB B cTaHaapTe «Modbus» npegycmoTpeHbl cneumanbHble
PYyHKUMM, KOTOpPbIE OMEPUPYIOT COLAEPXUMbBIM LUECTHaAUATMPa3psaHbIX PEerncTpoB. 3Tu
dyHKUMM NpegnonararT, 4To NpMbop XpaHWUT AaHHbIE TOMBKO TUMa LWeCTHaguaTnpaspsgHoe
0©e33HaKoBOE Lerioe N HUYETo He «3HaKT» O TeX TUMNAxX AaHHbIX, KOTOPbIMW OENCTBUTENBHO
npencraeneHbl napameTpbl npubopa. Takum obpas3om, nonyvaeTcs, YTo B Npubope AaHHbIe
XpaHATCA B HEKOeM WcxogHOM dopmaTte, a nepepjakwTcs Mo ceTu B Buae Habopa
lecTHaguaTnpaspsaaHbix pernctpoB. [lpu nepepave OaHHbIX, Y€l pasmMep B MCXOOHOM
dopmaTte npesbiwaetr 16 6ut (long, float, double n T1.4.), MCNONbL3yKOTCA HECKONBLKO
nocnegoBaTenbHbIX perncTpoB. [pu 3ToM MNaflive croBa NepeaarTcs B NEPBYH 0Yepeab,
cTapwue - B nocnegHwow. T.0., Ana npeobpasoBaHmsa K nopsaaky 6ant, ectecCTtBeHHOMY Ang
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nnatgopmbl PC, TpebyeTca Ang Ka)kaoro NpoYMTaHHoro/3anvcbiBaeMoro perucTpa U3MeHuTb
nopsaaok 6anT.

Mpumep pasmelleHna gadHbix ana tmna long (MSB-most significant byte, LSB-least
significant byte):

B3 B2 Bl BO
MSB LSB
Pernctp Pernctp AO Pernctp A1
[Mopsagok nepegaym nepBbIn nocrnegHun
Bant Bl BO(LSB) B3 B2(MSB)

Mpumep pasmeleHns AaHHbIX anga Tuna float:

B3 B2 Bl BO
SEEEEEEE EMMMMMMM MMMMMMMM MMMMMMMM
Peructp Pernctp AO Pernctp Al
Mopsiaok nepegayn nepBbIn nocneaHnn
bant Bl BO(LSB) B3 B2(MSB)

Mpumep pasmelleHns AaHHbIX ans Tuna double:

B7 B6 B5-B1 BO
SEEEEEEE EEEEMMMM MMMMMMMM MMMMMMMM
Pernctp Pernctp AO Pernctp Al | Pernctp A2 Pernctp A3

lMNopsigok nepegayn |nepBbIn nocnegHun
Bant B1 |BO(LSB)| B3 B2 B5 B4 |B7(MSB) B6

3.4 UYrteHme/3anncb TEKyLMX N HACTPOEYHbIX NAapamMeTpPoB

UTeHune/3anncb TeKyWwmUX W HACTPOEYHbIX MapamMeTpoB MNPOU3BOAUTCA NPU MOMOLLM
dYHKUMIA YTeHnsa/3anncu pernctpoB (dpyHkumm yteHnst 0x03, 0x04, cdyHkuum 3anucm 0x06,
0x10). MapameTpsbl, AOCTYNHbIE TOMNBKO HA YTEHNE, MOTYT ObITb MPOYNTAHBLI TOSTLKO OYHKLMEN
0x04. lMapameTpbl, AOCTYMNHbIE KaK Ha YTEeHWe, Tak U Ha 3anucb, MOryT ObITb MPOYUTaHbI
obenMn yHKUMAMU MO OOUHAKOBbLIM agpecam. PacnpefeneHve nepemMeHHbIX B apeCcHOM
NpoCcTpaHCcTBe onncaHo B pa3saene Kapta nepeMeHHbIX.

3.5 Opraﬂwsauvm dpXuUBOB N CYNTbIBaHUe apXUBHbLIX AAaHHbIX

Mpnbop coaoepXuT apxmsbl cneayoLwmx TUNOB:
e CoOblTuS;
e MWHYTHbLIN apXuB;
e YacoBou apxus;
e CyTOYHbIN apXuB;
ApXu1BbI UMEIOT KOMbLEBYHO CTPYKTYPY, T.€. NPU NOMHOM 3anoSIHEHUN apXmnBa HOBbIE 3anucu
NMULLYTCHA HA MECTO CaMbIX CTapbIX.

ApxuBbl XxpaHATCcs B npubope B Buae annos. Kaxagbin dann cogepxut geckpuntop darina
(B nepBou 3anucu), a Takke 3anucu, NpeacTasnsowme ogHo cobbITe NN O4MH «BPEMEHHOMN
cpe3» AaHHbIX. [Ins 4TeHNa CO4EPXKMMOro apXmMBOB NUCMNOSb3yeTca (PYyHKUMA YTeHna hannos
(cbyHkumsa 0x14).

Kaxxabii dann B nepsow 3anucu (Homep 0) xpaHuT geckpuntop garna. OctanbHble 3annucu
npeacTaBnaAlT AaHHble hanna. JeckpunTtop dpanna coaepxuT:

e [InuHa nepBoK 3anucu (onvHa geckpunropa, 2 6anta);
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Tun nepeon 3anucu (Tvn geckpunrtopa, 2 6anta, Bcerga paBeH 1);

AnuHa danna B konnyecTtse 3anucen (6e3 yuyeta nepson 3anucu, 2 6anta);
[nuHa kaxgon 3anucu (kpome nepsown 3anucu, 2 6anta);

Tun cogepxmmoro cdarna (2 6anta). MoXeT npMHMMaTh 3Ha4YeHus: 4 — chann
cobbiTui, 3 unn 5 — chann U3MepuUTEnbHOro apxmea (MUHYTHBLIA, YACOBOW UK
CYTOYHbIN).

Anroputm gocTtyna K dpannam:

1. YteHune 3anucu c Homepom 0 13 panna c Homepom 1 (NnonyyeHne geckpuntopa
danna). Ecnn npnbop BepHyn owmnbKy € KOAOM 2, 3Ha4nT, hannos 6osnbLue
HeT;

2. AHanua geckpunTtopa Ha npeameT ANUHbI OCHOBHbIX 3anucen 1 AnvHel anna;

3. UTeHue ocTaBLUMXCS 3anucen anna n nx HTepnpetTauus;

4. lMoBTopeHue nyHKTOB 1-3 AN crieaytowero danna.

Kaxpas apxXxmnBHa4qa 3arnncb, He3aBMCUMO OT TUNA cba|7|r|a, MMEET CrieayrLlyro CTPYKTYpPY:

Homep 3anucu. CHeTUmK, KOTOPLIN YBENNYNBAETCHA Ha eanHuLY npy (hopMUpOBaHUM
HOBOW 3anucu BHYTpU AaHHoro danna. Mmeet tmn unsigned __int64;

Maccus 13 52 6ant. B Hem pasmeLyaeTcsa CTpykTypa AaHHbIX apXMBHOM 3anncu (CMm.
NHTepnpeTaums apxmsBoB);

KoHTponbHasa cymma 3anucu. Mimeet Tun unsigned long n paccynTtbiBaeTcs rno
anroputmy Crc32 (MpoBepka LenoCcTHOCTM AaHHbIX JOMMKHA BbIMNONHATLCS HaL BCEM
ONOKOM AaHHbIX ANUHON 64 BanTa BKtoYast KOHTPOSIbHYIO CyMMY. DYHKLNSA NPOBEPKM
KOHTPOSbHOW CyMMbI B [MpunoxeHun 4).

ANropuTM oNTMMMU3MPOBAHHOIO CYMTBLIBAHUS apxmBa npuBeaeH B MNMpunoxexHum 6.

3.5.1 AUHmepnpemayuss MUHYMHO20, 4aCOB020 U CYMmMOYHO20 apxueoe
MwuHYTHbIN apXxmB BegeTcs Bcerga. HYacoBown M CyTOYHbIN apXuBbl BE4YTCA:

e ansa npubopos ¢ Bepcuen MO 3.07 TONbKO Npy HANMYUK YacoB pearnbHOro BPEMEHMU;
e ansa npubopos ¢ Bepcuen MO 3.12 - Bceraa.

Hannune yacoB peanbHOro BpeEMEHM MOXHO onpefesniTb MO 3HaYeHU nepemMeHHOM
«Pernctp coctosiHma npnbopa» (cm. Kapta nepemeHHbIX).

MUWHYTHBIN apXuB XpaHUTCA B (panne Homep 6, YyacosBon B dpanne HoMep 7, CYyTOYHbIV B
dranne Homep 8.

Heobxoaumo npouuTtatb BCe 3anucu panna, BbICTPOUTb MX MO MPU3HAKYy HapacTaHus
3HavyeHus nons «Homep 3anucu» U MHTepnpeTuMpoBaTb Te 3anucu, Yy KOTOPbIX CXOAUTCHA
KOHTPOSbHasa cymma.

ApXuBHasg 3an1cb COAEPXKUT cnepyroLime nons:

e UWHTerpanbHoe Bpemsi HapaboTkn Ha MOMEHT 3anncu (MMHYT). Tun unsigned long;

e [lokasaHusi YacoB pearibHOro BpEMEHN Ha MOMEHT apxMBupoBaHus. Ecnu nnaTa He
MMEET YacoB pearnibHOro BPEMEHW, TO aHanNM3npoBaTb AAHHOE MOne He creayer.
3HayeHne npeacTtaBneHo B BMAe maccuBa unsigned char u3 6-Tm 9nemMeHTOB.
Kaxaobin G6ant copgepxut uumcno B ¢dopmate BCD (dpyHkumm npeobpasoBaHus
npencraeneHsl B MNpunoxeHun 5). MNopagok cneqoBaHus: cekyHaa, MUMHYTa, 4yac,
OEHb, Mecsl, rog;

e UHTerpanbHoe 3HadyeHue V+ (m3). Tun double;

e UHTerpanbHoe 3HadeHune V- (m3). Tun double;

e MrHoBeHHOe 3Ha4yeHne pacxofa Ha MOMEeHT apxuBupoBaHus (M3/4). Tun float;



Mutepdnoy Onucanne npotokona obmeHa c.14

e Kogabl owmnbok. Tun unsigned long. Kogbl olwMB0oK 1 HaUMeHOBaHNS OLLIMGOK ONUCaHbI
B PYKOBOACTBE MO aKcnnyaTauum Ha npubop. Mnagwwve 12 6ut (6utbl 0-11) xpaHat
onucaHme camon cepbe3Homn ownbKN 3a MHTepBan apxmenpoBaHus. Mpn 3Tom GUTHI
0-7 XpaHAT 3HayeHue owmnbku, 6uTbl 8-11 — pacwmpeHve owmnbkn. HeHynesoe
3HavyeHne B Gutax 0-7 o3HayaeT Hanunume owmnbkn. B cnyyae Hanuums owmbku
cnegyeT npoaHanu3npoBaTb paclwmpeHne owmnbkn (6utel 8-11). Kog owmbkm
pomkeH ObiTb npeacTtaBneH B Buae «X.Y», rge X - 3HayeHue owunbknm B
lecTHaguaTepuyHoM  npegctaeneHun, Y - pacwmpeHve  ownbkn B
LecTHaguaTepn4yHoM npeacTtasneHnn. Ecnmn pacwmnpenune owmnbkm pasHo 0, To Koa
owmnbKn NpeacTaBnsaeTcs TONbKO 3Ha4YeHneM owndkn B Buae «X». Ctapwme 2 banta
(6uTbl 16-31) XpaHAT NpPU3HaKU Hanuuna owKnboK U cnarnm CoCTosHMK npubopa.
YCTaHOBMEHHbIN OUT O3HayaeT HannyMe OWWuBKM WK YyCTaHOBMEHHoro dnara.
Bo3MOXHbI codeTaHnst cneayowmx 3Ha4eHUNn:

o (0x00000001 << 30) — gormkeH oTobpaxaTbca kak « RTCy;

(0x00000001 << 29) — pormkeH oTobpaxaTbca kak « MGy;

(Ox00000001 << 28) — gormkeH oTobpaxaTtbca kak « Wy ;

(0x00000001 << 27) — pormkeH oTobpaxaTtbca Kak «IN»;

(0x00000001 << 26) — gormkeH oTobpaxaTbca kak «ICx»;

(0x00000001 << 25) — gormkeH oTobpaxaTbca kak « MXy;

(0x00000001 << 24) — pormkeH oTobpaxaTbca kak « OF»;

(0x00000001 << 20) — pormkeH oTobpaxaTbca kak « GRy;

(0x00000001 << 19) — gormkeH oTobpaxaTbca kak « WC»;

(0x00000001 << 18) — gormkeH oTobpaxaTbcs kKak « FR»;

(0x00000001 << 17) — pormkeH otobpaxaTbcs kak « RR»;

o (0x00000001 << 16) — gormkeH oTobpaxaTbcs Kak «Ky.

e UWHTerpanbHoOe Bpemsi HapaboTkM Npu owmnbKax Ha MOMEHT 3anncu (MUHYT). Tun
unsigned long;

e MuHUManbHOe 3HauYeHne pacxoaa 3a uHTepsan apxusupoaHusa (M3/4). Tun float;

e MakcumanbHoe 3HayeHue pacxona 3a MHTepsan apxusupoBarus (M3/4). Tun float;

e Conpotuenenune xuagkoctn (KOm). Tun float. MNMpucyTcTByeT TONBKO B apXMBHOW
3anucm Tuna 5 (cM. onncaHme geckpuntopa dganna).

3.5.2 UHmepnpemauyus apxuea cobbimutl

ApxuB cobbITUIN MOXET cogepxaTtb 6onee ogHoro danna. Noatomy cnegyeT npoynTaTh BCe
3anucu Bcex ¢annoB apxuea cobbiTuin. 3aTeM 3anucK, y KOTOPbIX CXOOUTCHA KOHTPOSbHasi
CyMMa OTCOpPTMPOBAaTb MO BPEMEHU M 3aTEM UHTEPNPETUPOBATb.

ApXxuBHasg 3an1cb COAEPXUT criegyoLimne nons:

e Tun cobbitna. Tun unsigned char. Onpegensdetr Tmn npousoLwenwero codbiTus.
MoxeT npuHMMaTh cnegyrowmne 3Ha4yeHus:
o 0x00 - HeTt cobbiTus;
0x02 — N'ameHeHne napameTpa;
0x03 — Bkn. nutaHus;
0x04 — Nepe3sanyck;
0x10 - Owwubka cTeka;
0x11 — Owwnbka namepeHus;
0x12 — Owwnbka Yacos;
o 0x13 - lNepBbInt 3anyck,;
e WHTerpanbHoe Bpemst HapaboTkM Ha MOMEHT 3anncu (MMHYT). Tun unsigned long;
e BHewHss spemeHHaa meTka. Tun signed long. lNpeacrtaBnaeT KONMYECTBO CEKyHA,
npoweawee ot 01.01.1970 00:00:00;
e [lokasaHusi YacoB pearibHOro BpeEMEeHN Ha MOMEHT apxmBupoBaHus. Ecnn nnaTa He
MMeeT YacoB pearibHOro BpeMeHW, TO aHanusaupoBaTb AaHHOe rone He crieayer.

O OO O O O O O 0 O

O O O O O O
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3HaveHne npeacTtaBrieHO B BuAe MaccuBa unsigned char u3 6-Tm 9nemeHTOB.
Kaxgbin 6ant cogepxut udmcrno B c¢opmate BCD (dpyHKkumm npeobpasoBaHus
npeacraeneHsl B [NpunoxeHun 5). MNopagok cnefoBaHus: cekyHAa, MUHYTa, 4yac,
AeHb, Mecsl, roa;

e Tun 3Ha4veHus. Tun unsigned char. OnpegensaeT TMN JaHHbIX 3HAYEHUW, XPaHUMbIX
B nonax «Ctapoe 3HayeHve» n «Hosoe 3HayeHne». MoxeT NnpuHuMaTh cnegyouine
3Ha4YeHus:

o 0 — HeT 3Ha4YeHus;

o 1-unsigned char;

o 2 —signed char;

o 3 —unsigned short;

o 4 - signed short;

o 5 —unsigned long;

o 6 —signed long;

o 7 -float

o 8-—unsigned __int64;
o 9-—signed __int64;

o 10 -double;

o 17 — paTa/Bpemsa. MaccuB u3 6-tn 6ant B dpopmate BCD (cekyHaa, MuHyTa,

yac, AeHb, Mecsu, rog).

e Tun nepemeHHon Ons cobbiTna «M3meHeHne napameTtpa». Tun unsigned short.
CooepXut 3HadyeHne HayanbHoro agpeca peructpa «Modbus» wn3MeHeHHoro
napamertpa:

e Crtapoe 3Ha4vyeHne. MaccuB 13 8-mun 6ant. CoaepXuT 3Ha4YeHne B COOTBETCTBUMN C
TUNOM, YKa3aHHbIM B nofne «Tun 3Ha4yeHus »;

e HoBoe 3HauyeHne. MaccuB 13 8-mu 6ant. CogepXuUT 3Ha4YeHne B COOTBETCTBUN C
TUNOM, YKa3aHHbIM B nofne «Tun 3HavyeHns »;

o UpeHTndpukatop knroya goctyna. Maccus Tvna unsigned char ns 4-x anemMeHTOB;

e Kogpbl owmnbok. Tun unsigned long. MHTepnpeTauus aHanorndyHa uHTepnpeTaumm
OZHOMMEHHOrO NoJi B MUHYTHOM apXuBE;

e Homep cobbiTus. Tun unsigned long. C4eTumK, KOTOPbIV YBENNYMBAETCA HA €ANHULLY
npu doOpMUPOBaHMM HOBOWM 3anucu (CKBO3HasA HyMepaumsi cobbiTui, obulasn ans Bcex
dhannoB apxmBa cobbITUi).
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4 KapTa nepeMeHHbIX

Paame
HasBaHue Apnpec (6a|7|T)p Tun HocTtyn MpumevaHune
. 0x1701 — MuTtepdcnoy PC
Tun npnubopa 0 2 unsigned short | R/O | 7207~ Muepchnoy K
. cTapLumn 6anT Bepcus,
Bepcus nporpammsl 1 2 unsigned short | R/O MIAnULIM-peraKLMs
Mopsigok 6anT n cnos 2 unsigned short | R/O  |He ucrnonbayetcs
. WHaunumnposaTts B
CRC npowuusku 4 2 unsigned short | R/O LecTHaaLaTepUYHOM BUAE
Mnagwwuii 61T onpegenset
PerlgCTp COCTOSHNA 6 2 unsigned short R/O  |Hannuyue 4YacoB pearibHOro
npubopa BpPEMEHU
Kannbp. koacbdmumneHT A 7 4 float R/O
Kannbp. koadpcomumneHT B 9 4 float R/O
Mpu 3HaueHnn Gonee Hyns
Bepcusa meTponornyecku pobaBnseTcs K
HE3Ha4YMMOW YacTu 11 2 unsigned short R/O |oToGpaxaemor Bepcum
nporpaMMb|* nporpamMmmbl 4epes TOYKY
(3.15.X)
Tekywmin pacxog (M3/4) 100 4 float R/O
UHTepnpeTtaums
. aHanorn4yHa
Koa owwmnbku 102 4 unsigned long R/O OJHOVMEHHOMY MO0
MWHYTHOIo apxmBa
WNuTterpan V+ (v°) 104 8 double R/O
WNuterpan V- (M%) 108 8 double R/O
Bpems HapaboTku (MUH.) 112 4 unsigned long | R/O
3 . Llenas yactb napameTpa ¢
WHterpan V+ (m°) 182 4 unsigned long R/O anpecom 104
(n3 . Llenas yactb napameTpa ¢
WHTterpan V- (m°) 184 4 unsigned long R/O anpecom 108
Banuncb cbpacbiBaeT gocTyn
. B HOMb. buToBasa macka:
YpoBeHb gocTtyna 200 2 unsigned short | RIW | < "0 5 S. 6irr 1-KEY: 2-
JUM
unsigned - . -
BanTbl 0..15: cTpokoBbI
ABTOpU3aLWS 201 20 uncsTgrz[gg]I;ng RIW napornb + MeTKa BpemMeHu
Mpenen koppekumn Yacos 410 2 unsigned short | R/O PaspeLueHHble npeaerns
peanbHOro BpemeHu (cek.) KOppeKLUnn YacoB
Koppekuus 4acos 411 2 signed short PAS
peanbHOro BpemeHu (cek.)
YC:;I'aBKa komnapaTtopa F1 420 4 float PAS
(M3/4)
YC:;I'aBKa KoMmnapatopa F2 430 4 float PAS
(M3/4)
CeteBol agpec 440 2 unsigned short | PAS
Twn BbiIxoga F1 500 2 unsigned short | KEY
Twvn BbiIxoga F2 510 2 unsigned short | KEY
Bec nmnyneca (n) 520 4 float KEY
ay (mm) 540 2 unsigned short KEI/T‘]U
Knacc pacxogomepa 550 2 unsigned short KEI/T‘]U CumBonbl ‘A, 'B', 'C', "
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MagkcwmaanbIVI pacxon 560 5 unsigned short KEY+JU
(M°/4) M
CepunHbIN HOMepP 570 4 unsigned long KEI/TJU
YpPOBEHb OTCEYKM 580 4 float KEY**
CekK., MUH., 4Yac, AeHb,
Yachkl peanbHOro BpeMeHu 590 6 unsigned char[6]| KEY |mecsu, rog B dpopmarte
BCD

MpumeyaHue (*): peann3oBaHO TOMLKO B Npubopax, MMEeLMX BEPCUID METPONOrn4yeckn

He3Ha4YMMom 4YacTn NporpaMmmsl He MeHee 1.

MpumeyaHue (**). ypoBeHb AoCTyna K napameTpy «YpOBeHb OTCeYKu» Ansi npubopoB C

Bepcuen MO 3.12 KEY+JUM.

MepemeHHasa «Pernctp cocTosiHMA npubopa» CoaepXUT UHGOPMAUUIO O HanNu4ynn Ha
nfaTe 4YacoB peanbHOro BpeMeHU. Y CTaHOBIEHHbIM MaaWmnin GUT rOBOPUT O HanNM4mMmM 4acos
Ha nnare.

MepemeHHyto «Koa owwmbKu» crnefyetr UHTEpnpeTMpoBaTh TaK e, Kak onucaHo ans
OAHOWMEHHOIO NONA MUHYTHOIO apXmBa.

MepemeHHas «YpoBeHb AOCTyna» MO3BOMSET MpoyMTaTh TEKYLMWA YPOBEHb AOCTyna K
N3MEHEHMI0 NapaMeTpoB. Tpu Mnagwwmx 6uta kogupyoT Hanuyue goctyna. but 0 — PAS, 6ut
1 - KEY, 6ut 2 — JUM.

lMepemeHHas «ABTOpu3auusa» Heobxoauma pAns nepefayn napons npu  nonbiTke
N3MeHeHNsa napameTpa, Tpedyouwlero goctyna no naponto. Ecnun Tekywun yposeHb Joctyna
MeHee ypoBHA PAS, nepen u3aMeHeHWeM napamMeTpa CUCTEMA BEPXHEro YpPOBHS OOSKHA
BbIMNOMHUTL 3anuUCb B NepemMeHHyo «ABTopusaumsi». B 6antel 0+15 maccuBa aBTopum3aumm
KOMMpyeTCcsa CTPOKOBbIM Naporb (C 3aBepLuatoLLMM HyneM Ha KOHLE), B Nofe BPEMEHHOM METKU
KOMupyeTcsa 3HadYeHue NoKanbHOro BpeMeHu (B oopmaTte KonuyecTsa CekyH, npoleawmx ¢
01.01.1970 00:00:00). MNepemeHHaa «ABTopu3auus» AOMMKHA ObITb 3anucaHa efuHbiM
maccusom (20 6anT).

MNMepemeHHble «Tun Bbixoga Fx» MOryT npuHMMaTh 3Ha4YeHUs:

e Pacxog npsamon n obpatHbin: (0 | (0<<7) | (1<<6) | (1<<5));

e Pacxog npsimon n obpaTtHbIn, MHBepCHbIV Bbixod: (0 | (1<<7) | (1<<6) | (1<<5));
e Pacxog npsamon: (0 | (0<<7) | (0<<6) | (1<<b));

e Pacxog npsimon, nueepcHbin BbixoA: (0 | (1<<7) | (0<<6) | (1<<5));

e Pacxopg obpatHbin: (0 | (0<<7) | (1<<6) | (0<<5));

Pacxog obpaTHbIn, MHBepCHbIN Bbixod: (0 | (1<<7) | (1<<6) | (0<<5));
Komnapartop: (1 | (0<<7));

Komnapatop, niBepcHbin Bbixoa: (1 | (1<<7));

Owmwmbka: (2 | (0<<7)).
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MpunoxeHue 1. PyHKUUA pacyeTa KOHTPONbHOMU cyMMbl LRC

Mpumep yHKUUKM pacyeTa KOHTPONbHOW CyMMbI Kagpa Ha a3blke CUL:

unsigned char Lrc(unsigned char * pSrc, int length) {
unsigned char locLrc=0;
for (int i=0;i<length;i++)
locLrc += *(pSrc+i);
return locLrc = ~locLrc + 1;

}
roe:
e pSrc — ykasaTesnb Ha bydep, cogepxalmim coobuieHne;
¢ length — konuyecTBo BanNT gaHHbIX, 4S8 KOTOpbIX TpebyeTca npomnssecTn noacyet LRC.
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MpunoxeHue 2. dyHkuumn npeodbpasoBaHna B ASCIl n obpaTtHo

Hwxe npuBeneHbl npumepbl Ha sa3blike CU pyHkumi npeobpasoBaHms n3 ASCII oopmata B
ABOVYHbIN 1 06paTHOro npeobpasoBaHusa s gsonyHoro B ASCII.

const unsigned char CharToBin[23]={
0,1,2,3,4,5,6,7,8,9,0,0,0,0,0,0,0,10,11,12,13,14,15};
const char BinToChar[16]={

YO, TLT, T2, T3, T4, TS, T, T, T8, N9 AT TR, 'CY, DY, TR, TE};

char TwoASCIItoBIN (char *cptr, unsigned char *bptr) {
char ca,i;

unsigned char cb;

cb=0;
for (i=0; i<2; i++) {

ca=*cptr++;

cbh<<=4;
if((ca >= '0") && (ca <= '9") || (ca >= 'A') && (ca <= 'F'")
cb|=CharToBin[ca-0x30];
else
return(0);
}
*bptr=cb;

return (1) ;

)
roe:

e Cptr — ykasartenb Ha 6ydep, cogepxawmn cumosnsl ASCII;
e bprt - ykazaTenb Ha Bydep, Kyaa 3anncbiBaoTCA LBOMNYHbIE BaNThI.

void BINtoTwoASCII (unsigned char *bptr, char *cptr) {

unsigned char cb;

cb=*bptr;
*cptr=BinToChar|[ (cb>>4) & O0x0F];
cptr++;
*cptr=BinToChar[cb & 0x0F];
}

roe:

e bptr — ykazaTtenb Ha 6ydep, cogepxalumin 4BOUYHbIE BanThl;
e cprt - ykasaTtenb Ha bydep, kyaa 3anucbisatotcss cumaonbl ASCII.
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MpunoxeHue 3. Koabl owunb0K, Bo3Bpalwaembie npmdbopom

0 - HEeT oWwnboK;

1 - HegonycTUMas PyHKLUUS;

2 - HeJgoNyCTUMbIN agpec B 3anpoce;

3 - HegonycTUMble 3HAYEeHWs B NOSe AaHHbIX 3anpoca;

4 — HenonpaBMmas onMbKa BO3HMKIIA BO BPEMSI BbINOJSTHEHNSA Onepauuu;

5 — nogTBeEpXaeHNe BbINOSTHEHMSA onepaumm (He ncnonb3yeTcs);

6 - 3anpoc He MOXeT BbITb 06paboTaH cenyac, HeobxoaMMo NOBTOPUTL 3anpoc No3gHee;
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MpunoxeHue 4. ®yHKUUA pacyeTta KOHTPONbHOU cyMMbl Crc32

#define CRC32_
#define CRC32_
#define CRC32
#define CRC32

Pre () OxXFFFFFFFF
Pnom () 0xEDB88320
XOR () OxXFFFFFFFF
Check( C) (_C == 0xDEBB20E3)

unsigned char CRC32(void * pBuf, unsigned long len) {

unsigned long

unsigned long

J;
_CRC;

_CRC = CRC32 Pre();

for (3=0; j <

len; j++) {

_CRC = CRC32_Calc_Byte (* ((BYTE*) (pBuf)+j),

if (CRC32 Check( CRC)) {

return 1;

} else {

return 0;

unsigned long CRC32 Calc_Byte (unsigned char _D, unsigned long _

unsigned char

i =28;

_C "= (_D & OxFF);

do {

if ((C & 1) { _C=(_C>>1)"CRC32_Pnom(); } else { _C>>=1;

} while (--_1i);

return (_C);

_CRC) ;
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MpunoxeHue 5. PyHkuumn npeobpasosaHma B BCD n obpaTtHO

unsigned char BinByteToBcdByte (unsigned char Src) {
unsigned char res;
res = (unsigned char) ( ((Src/10)<<4) | (Src % 10) );

return res;

unsigned char BcdByteToBinByte (unsigned char Src) ({
unsigned char res;
res = (unsigned char) ( ((Src>>4) * 10) + (Src & 0x0f) );

return res;
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MpunoxeHue 6. ONTUMN3aLNA aNrTOPUTMa CYUTbIBAaHUA apXUBOB

HocTyn Kk apxuBam npubopa peanusoBaH 4epe3 cuuTbiBaHMe hainnoB no 3anucam 6e3
BO3MOXHOCTM YKa3aHUs Xeraemon aaTbl apXMBHOW 3anncu. JTo npeanonaraeT cYnTbiBaHWE
BCero (pansia apxmea LieSIMKOM B KaXX[10M ceaHce cBs3u. [pn perynsapHoM cYnTbiBaHUN apxuBa
3TO NPMBOAUT K AOMNOSTHUTENBHBIM BPEMEHHbBIM 3aTpaTaM Ha NosflydeHne apXuBHbIX 3anucen,
KoTopble 6bINn NpoYnTaHbl BO BpeMs npeablayLimx ceaHcoB CBA3n. [na 3KOHOMUM BpeMeHU
CUYMTbIBaAHMUS anropmuTM MoXeT BbITb ONTUMU3MPOBAH HA CTOPOHE NPOorpaMMHOro obecrneyeHuns
BEPXHErO YPOBHS, €CIIM OHO UMEET BO3MOXHOCTb COXPaHATb NPOYUTAHHbIE JaHHbIE B KAKOM-
HWMOYOb XpaHunuule, Hanpumep, 6ase gaHHbIX.

ANroputM OCHOBaH Ha TOM, 4YTO ©asa gaHHbix (B[l) XpaHUT Kak coaepXumMoe apXMBHbIX
3anucen, Tak u cnyxebHy nHpopmaumo o 3anucax (Homep danna v MHAEKC 3anucu, u3
KOTOPbIX 3anucb Bbina npoynTaHa).

Ecnn gna gaHHoro gavna B B[ HeT uHdopmauumn, To NPON3BOAUTCH CYMTbLIBAHUE BCEX
nmetomxca B npubope 3anuncen. Npn cUNTbIBAHUN KaXKOOW 3anncu MMeeT CMbICIT NPOBEPATb
KOHTPOSbHY0 cyMmmy. [Mpu nocnegoBaTtenibHOM HECOBMAAEeHUN KOHTPOSBHOM CyMMbI 5 1 Bonee
pa3 MOXHO NpeKkpaTUTb CYMTbIBaHME JaHHOrOo hanna, T.K. JaHHas CUTyauus MOXeT yKasblBaTb
Ha TO, YTO pann He 3anofIHEH NOMHOCTLIO.

Ecnn B[l cogepXuT uHGoOpMauuio O npegbigywemM CcuMTbiBaHUKW, TO Heobxoammo
NPoOn3BeCTU CcHUTbIBaHME U3 NpMbopa, ykazaB HoMep dharna 1 NHOEKC 3anucn Takme Xe, Kak B
nocnegHen 3anucn B (T.0. BLINOMHAETCSA KOHTPOMbHOE CYMTbIBaHUE NocrneagHen U3BecTHOM
3anucum).

HecoBnageHve nHKpeMeHTHOro Homepa 3anucu (Tun unsigned __ int64) nnv KOHTPOSbLHOM
CYyMMbI NPOYUTaAHHOM N3 npmubopa 3anucu ¢ aHanorm4yHbiMn nonamu 3anncu n3 b1 rosoput o
TOM, YTO apxuBHas 3anucb Oblna nepenucaHa ¢ MOMeEHTa MNOCfefHero CYMTbiBaHUS (apXxuB
«3akonbLeBancs»). B aTom cnyyae crnegyeT NnpoM3BecTy CYMTbIBAHME AaHHbIX Tak, Kak byaTo
B[l He coaoepxana nHdopmauum 06 apxuse.

B npotMBHOM cnyyae cuyuTbiBaHME [aHHbIX BbIMOMHAETCH, HayMHas Cco crnefyoLlen
3anucu. CuynTbiBaHWe NpoJosmKkaeTcs 4O BO3HUKHOBEHNS OAHOro U3 CObbITUI:

e [lpounTaHbl BCe 3annucu ganna;

e [lpouyuTtaHo 5 nnu Gonee 3anucen c HecoBnagalLeN KOHTPOSIbHOM CYMMOW;

e [lpouynTaHa 3anucb, wuMeloWwas 3Ha4YeHWe WHKPEMEHTHOrO HOMEpP MeHblue
MaKCMMaribHOro  M3BECTHOrO0  3Ha4yeHUs  WHKPEeMEHTHOro HomMmepa  3anucu
(xpaHsweroca B B[] nnn npoynMTaHHOro BO BpEMS TEKYLLIErO ceaHca cBA3n). [JaHHas
CUTyaLnsd roBOpPUT O TOM, YTO MpoYMTaHa 3anucb, KOTopas yxxe JOrmKHa HaXoaAnTbLCA
B bM.
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MpunoxeHue 7. PyHKUUA pacyeTa KOHTPONIbHON CYyMMbI
Cyclical Redundancy Checking (CRC16)

PacueT KoHTporibHOM cyMMbl kKagpa RTU MOXeT BbINOMHATLCS NO crieayowemy anroputmy
(TekcT Ha A3blke nporpammupoBaHua CU):

WORD Crcl6 (BYTE *Data, ULONG size) {
union
{BYTE b[2]; unsigned short w;} Sum;
char shift cnt;
BYTE *ptrByte;
ULONG byte cnt = size;

ptrByte=Data;
Sum.w=0xffffU;
for(; byte cnt>0; byte cnt--) {
Sum.w= (unsigned short) ((Sum.w/256U)*256U+ ( (Sum.w%256U) ~ (*ptrByte++)));
for(shift cnt=0; shift cnt<8; shift cnt++) {
1f ((Sum.w&0x1)==1)
Sum.w= (unsigned short) ((Sum.w>>1)"0xa001U) ;
else

Sum.w>>=1;

}

return Sum.w;

MycTb Kakoe-nMbo cooblueHne, nmetowero anvHy N, saanucaHo B maccuse Data[N+2] Tnna
unsigned char. Torga ang aToro coobLeHns KOHTPOSTbHYD CyMMy criegyeT dhopMmpoBaTh
cnegyowmnm obpasom:

WORD CheckSumm = Crcl6 (Data, N);
Data[N] = CheckSumm;
Data[N+1] = CheckSumm>>8;



