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NcTopus peaaktmpoBaHus

e 20.03.2020 cosgaHa pegakumnsa 1.00;
e 13.01.2021 cospaHa pegakumnsa 1.01:
= WcnpaeneHo o6o3Ha4veHne Tuna double (32 6Guta ncnpaeneHo Ha 64 6uTa);
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1 BBepaeHue

1.1 Oobwue cBegeHusn

[laHHOe onucaHue pacnpoCTpaHAETCss Ha PacXOAOMEpPbI-CHETUMKN SNEKTPOMArHUTHbIE
«Mutepdnoy T» mogudpunkaumm 1 (ganee - MNpnbop), ocHawaemble agantepom RS-485 u
peanuaytowme npotokon Modbus RTU. MNMpnbop no3sonaeTt nonyyatb TEKyLLUME N apXUBHbIE
napameTpbl, a Takke npeaocTaBnAeT AOCTYN K YTEHUIO M M3MEHEHUI0 HACTPOEYHbIX
napameTpoB Yepe3 KOMMYHUKAUNOHHLIA nHTepdenc. NMpnbop peanmayet npotokon Modbus
RTU B pexnme «BeOMbIN».

1.2 ®dusnyeckum nHtepcpenc

Ana cBA3M C cUCTEMOW BepxHero YpPoBHA npubop oOcCHalleH mnocrefoBaTeflbHbIM
nHtepencom RS-485. [Ing yTOYHEHUA XapaKTepUCTUK rnocregoBaTensHOro nHTepdgenca
cnepyeT obpallaTtbCa K pyKoBOACTBY NO 3KCnnyaTtaumMmn Ha npmnoop.

1.3 YpOBHM NpPOTOKONAa 0OMeHa

OTOT pasgen coaepXnTKpaTkne ceeaeHns nacradgapta « Modbusy. NMogpobHyto
MHOPMaLIMIO MOXKHO NOMYYMTb U3 JOKYMEHTOB, pa3MeLLeHHbIX Ha canTe www.modbus.org:

e Modbus Application Protocol;

e Modbus over serial line;

e MODBUS Messaging on TCP/IP Implementation Guide.

1.3.1 Jlozu4yeckul ypo8eHb

Jlormyecknin ypoBeHb NPOTOKONa OTBeYaeT 3a cnocob AocTyna K gaHHbIM. [1poTokon
«Modbus» onpegensiet noHstne PDU (Protocol Data Unit), HesaBucnmoe ot Mcnonb3yemoro
KOMMYHMKaUMOHHOro npotokona. PDU cogepxuTt 2 nons: kog yHKkumm (onnHa 1 6anT) n
AaHHble (annHa He 6onee 252 6anT). MNogpobHoe onmcaHne NorM4Yeckoro ypoBHs NpuBeaeHo
B pa3gene PeannsoBaHHble QYHKLMIM NPOTOKONA.

Function code Data

PDU
< >

PucyHok 4: Coctas PDU
1.3.2 KoMMyHUKaUUOHHbIU YpPOBEHb

KOMMyHMKaLMOHHBIN YypOBEHb MNPOTOKOSla OTBeYyaeT 3a [OOCTaBKy MepegaBaemMoMn
nHdopmMmaumm mexay AByMsi coBMectumbiMm « Modbusy». B pasnmyHbiX KOMMYHUKaLMOHHbIX
npotokonax PDU gononHaeTca nonsiMu ceTeBOoW agpec, KOHTPOSibHasi cyMma, 3arofioBOK U
T.4., obpasya npu atom, noHatme ADU (Application Data Unit). JononHuTenbHble nons
TpebytoTca Ana agpecaunmn, aeHTMUKaunm U KOHTPONS LLENOCTHOCTN AaHHbIX.

He3aBMCMMO OT KOMMYHWKaLUMOHHOro MpoTokornia npubop paboTaeT TOMbKO B pexume
«BeJOMbINY». OTO O3HA4yaeT, YTo NpPMOBOP MOXKET BbINOMHUTL MOCLINIKY TOMBbKO B OTBET Ha
3anpoc CUCTeMbl BepxXHero ypoBHA. Bpemsa otBeTa npubopa He npeBbiwaetr 500 mc. B
cnyyae OTCYTCTBMA oTBeTa OT npumbopa cuctema BEPXHEro0 YPOBHS [OSMKHA BbIMOSHUTL
NOBTOP 3anpoca.

ADU «Modbus RTU»

B cnyyae wucnonb3oBaHMs KOMMYHWKaUMOHHOro npotokona «Modbus RTU» PDU
AOMNosHAeTCA NoNIAMN ceTeBOM aapec U KOHTPONbHas CyMma.
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ADU
< >

Net. Address | Function code Data CRC

PDU
< >

PucyHok 5: ADU gna «Modbus RTU»

CeTeBon agpec cnyxuT ans agpecaumum npubopa B cetn. KOHTponbHasi cymma CriyxuT
ONa NPOBEPKM LEenOoCTHOCTU AaHHbIX. [1epedatouiee yCTPOMCTBO BblUYMCNAET KOHTPOSIbHYHO
CyMMy Haj, BCEMW MONAMU MOCHINKU, U 3aTeM pe3ynbTaT BbluMcrneHns obaBnseT B KOHel
nocbinkn. lNprHMMalowee yCTPOMCTBO, MOJSTIYYUB BCHO MOCHISIKY, BbIYUCIISAET KOHTPOSbHYHO
CyMMYy Kagpa Onsi Bcex 6GanToB cOObLWEeHnsA, ucknoyaa 6anTbl KOHTPOSbHOM CyMMbl. B
crniyyae, ecnv MpuHATas M BblYUCIIEHHAA KOHTPOSIbHbIE CYMMbl pPaBHbl, MPUHMMaETCS
pelweHne O [OOCTOBEPHOCTU MNPUHATOro kagpa. B npoTMBHOM crniyyae kagp cuymtaeTtcs
He4OCTOBEPHbLIM. Ecnv npnbop nonyyaeT HEQOCTOBEPHbLIM Kaap, OH €ro UTHOPUPYET U He
NOCbINaeT Kaknx-nmbo OoTBETHbIX COOBLLEHNIA. DTO O3HAYaET, YTO CMCTEMa BEPXHErO YPOBHS
He NomnyYuT OTBETa B TeYeHMe OXMOaeMoro BpeMeHu u OOofKHa caenaTtb NOBTOp 3anpoca.
Ecnu xe dakT nony4yeHns HegOCTOBEPHOWN NOCHISNKN OBHapYXeH CUCTEMON BEPXHErO YPOBHS,
TO OHa MOXeT BbINOMHUTBL NOBTOP 3anpoca.

Mpu nepepaye ncnonb3yeTca ABOMYHAA CUCTEMA KOOUPOBAHUS, HAa4aro U KOHeL, NOChISKN
onpeaenstoTcs No ANMTENbHOCTU «MHTEpBana TULWHbBIY» - BPEMEHU, B TEYEHME KOTOPOro He
npoucxoamno nepegayn. T.e. kagp COOOLLEHMA «3aKMOYEH» Mexay OBYMS MHTepBanamu
TULWKNHBI. BanTbl COOOLLEHN A OOMKHBI NepeAaBaTbCa HEMPEPbIBHBIM NOTOKOM. ANnTeNbHOCTb
MHTepBana TULWMHbLI No ctaHaapTy «Modbus RTU» onpepgensietca kak 3,5 AnNMTENbHOCTM
nepegayv 6anTta Ha 3agaHHON CKOPOCTW.

B kauecTtBe (pyHKUMM pacyeTa KOHTPONbHOM CyMMbl B pexxnme RTU ncnonbsyetcs Cyclical
Redundancy Checking (CRC16). lNpumep dyHkumm pacdyeta CRC16 npuBegeH B

[MpunoxeHnn 7, a onucaHue reHepaummn KOHTPOSNbHOW CyMMbl MOXET ObiTb HaNOeHo B
AOKyMeHTauumn Ha cante www.modbus.org.
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2 PeanunsoBaHHble (hpyHKLUM NpPOTOKONa

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

PyHKUMM NpegHa3HayYeHbl AN YTEHUS ABOMYHOIO COAEPKMMOrO LWeCTHaaUuaTU paspsaaH bl X
pernctpoB npubopa. Otnmume cyHkumMn 0x04 ot 0x03 B TOM, YTO OHA NPUMEHSAETCSA TOSNbKO
ANs YTeHWs napameTpoB, HEAOCTYMNHbIX A4na 3anucu. B obwem Bnge cTpykTypa 3anpoca u
oTBeTa MMEET crieayoLwWwmn BUA:

PDU 3anpoca:
DyHKLMS HayvanbHbI HavanbHbIn KonnyectBo KonnyectBo
y agpec agpec perncTpos perncTpoB
0x03/0x04 NS NS SN G
(ctapwuin 6anT) |(Mnagwni 6anT)| (ctapwmnn 6anT) | (Mnagwmm 6anT)

[Mone Data PDU cogepxuT nong «HavanbHbIn agpecy», ykasbiBaloLWMI C Kakoro perncrpa
HauMHaTb YTeHue, n «Konnyecteso perncTtpoB», ykasbiBarLlee, CKONbKO PErMcTpoB crneayeT
npoYnTaTh.

PDU oTtBeTa B cnyyae BbiNonHEHNs 6e3 owmnbok:

Konunyectso - o y
PyHKUNSA 6aiiT MaHHbIX B 1-bi peructp | 1-bid peructp | BanTbl pernctpoB
0x03/0x04 oTBETE (ctapwmn 6anT) |(MRagwmmn 6anT) 23...N

B cnyyae ycnewHoro BbINOMHEHUA B OTBETE MPUCYTCTBYET COAEPKMMOE 3anpoLUeHHbIX
pernctpoB. [lone «KonuyectBo 6GanWT [OaHHbIX B oOTBeTe» OyaeT paBHO KONMMYECTBY
3anpoLeHHbIX PErmcTpoB, YMHOXEHHOMY Ha aBa. [lpounTaHHOE coaepXMmMoe perncrposB
HauMHaeTca ¢ 6banTa, cnegyrowlero 3a nonem «Konnmyectso 6anT AaHHbIX B OTBETEY.

PDU oTtBeTa npu BO3HUKHOBEHUM OLLIM OKMU:

®yHKuMA 0x83/0x84
(ycTaHOBMEH cTapLmnin 6uT)

Ana nHopmmpoBaHns BeayLEro 0 TOM, YTO onepaums He BbIMOMIHEHA UMK BbINOSTHEHA C
ownbkon, npubop ycTaHaBnmMBaeT ctapwunn 6uT nona «PyHkuma» B oTBeTe. banT,
cnegywowmi 3a nonem «dyHKuMAy», ByageT cogepxaTb Kog OWNOKM (3HaYeHU A KogoB oLwmnbokK
npuseneHsbl B MNpunoxenunn 3).

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

OyHKUMA  npegHasHadeHa AN 3anMcM OBOMYHOTO  COAEPXMMOrO  OAHOro
LecTHaaUaTMpaspsaHoro permctpa nputopa.

Kopa owmnbkun

PDU 3anpoca:
PyHKUKNSA Anpec Anpec 3Ha4yeHune 3Ha4yeHune
0x06 (cTapwwui 6anT) |(Mnagwun 6anT)| (cTapwmn 6anT) |(Mnagwni 6anT)

Mone Data PDU 3anpoca cogepxuT nona «Agpecy, ykasblBalolWM B KakoW PErncrp
BbINOSHAETCS 3anuCb, U 3HAYEHUE 3anncbiBaeMoro perncrpa.

PDU oTtBeTa B crniy4ae BbINonHeHns 6e3 omn0bok:

dyHKUNSA Appec Anpec 3HayeHve 3HaveHve
0x06 (cTapwwuin 6anT) |(Mnagwwui 6anT)| (cTapwwni 6anT) |(Mnagwmn 6awnT)

B cnyyae ycnewHoro BeinonHeHns PDU oTBeTa cogepXuT Konuio nepsbix Nty 6ant PDU
3anpoca.
PDU oTtBeTa npu BO3HNKHOBEHWN OLLNOKN:

dyHKuna 0x86 (yctaHoBMNEH

cTapLwmm eumT) Koa owwnbku
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Ana nHpopmupoBaHns BegyLlero 0 ToM, YTo ornepauns He BbINOSIHEHA UK BbINOSIHEHA C
ownbkon, npubop ycTaHaBnmBaeT ctapwun 6uT nona «PyHkuma» B oTBeTe. banT,
cnegyowmi 3a nonem «dyHKUMA», ByageT cogepxaTb Kog oWnbKM (3HaYeHna Kogos ownbok
npuseaeHsbl B [MpunoxeHnu 3).

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

®dyHKUMA NpegHasHadeHa ans 3anmcu 4BOMYHOIO COAEPXKMMOro WeCcTHaauaTupaspsaHbixX
perncTtpoB npunbopa.

PDU 3anpoca:
Hau-bin | Hau-bii | Kon-go | Kon-o | (0 o0 1-b1A 1-bIA
PyHKUMSA agpec | agpec PEr-oB | Per-oB |qnr nq| PETVCTP | peructp BanTtbl per-
0x10 (cTapwwui| (Mnagwm | (cTapwumn|(Mnagwm 3anvom (cTapwwmi|(mnagwm | os 2,3...N
OanT) n 6anT) OanT) n 6ant) OanT) n 6anT)

Mone Data PDU 3anpoca cogepxuT nons « HavanbHbln agpec», yKasblBalOLWMUN C KAKOro
pernctpa HaumHaTb 3anucb, «KonmyecTtBo perncrTpoB», yKkasbiBatoLLlee, CKONIbKO PErmcTpoB
cnegyeT 3anucatb, «KonunyectBo 6anT Ona 3anMcM» M HENOCPEACTBEHHO 3HAYEHUS
3anucbiBaeMbIX PermcTpoB.

PDU oTBeTa B cny4ae BbINONHEHNA 6e3 oM OoK:

PyHKLMA
0x10

Hau-bIh agpec
(cTapwwun 6anT)

Hau-bi1 agpec
(Mnagwwmn 6awnr)

Kon-Bo per-oB
(cTapwui 6anT)

Kon-Bo per-os
(Mnagwwun 6awnr)

B cnyyae ycnewHoro BeinonHeHnsa PDU oTBeTa cogepXxuT Konuto nepsbix natn 6ant PDU
3anpoca.

PDU oTBeT npu BO3HMKHOBEHWUM OLUN OKM:

dyHkumna 0x90 (yctaHoBnEH
cTapLummn 6uT)

Kopn owinbkm

[Ana nHopMnpoBaHns BegyLero 0 ToM, YTo onepauns He BbiNOSIHEHA UK BbINOSIHEHA C
ownbkon, npubop yctaHaBnmMBaeT ctapwun 6uT nona «PyHkuma» B oTBeTe. banT,
cneaywowmi 3a nonem «PyHkUMA», ByaeT coaepkatb Ko OWMOKM (3Ha4YeHM s KoaoB oLwnBokK
npueeaeHsbl B MpunoxeHnnu 3).

2.4 ®yHKumna Modbus 20 (0x14 hex) (Read File Record)
PyHKUMS NpefHasHayvyeHa ang YTeHus permctpos anna. Pann opraHnsoBaH Kak Habop
3anncen ¢ Homepamm ot 0000 go 9999. OYHKUMA MOXKET YNTaTb HECKOSTbKO Pas3fMyYHbIX rpymnn

perncrTpos. prnnbl MOryT ObITb HenocnegoBaTeNbHbIMU, HO perncTpbl BHYTPU Tpyrnnb
OOITKHbI OblTb NOCNeaoBaTeNbHbIMU.

PDU 3anpoca:

Mpynna
X+1,
HoMep
davina
(cTapuLu.
OanT)

pynna
X+1,
HOoMmep
darina
(mnagw.
6anT)

Mpynna
X, AnvHa
3anucu
(cTapw.
6anT)

Fpynna
X, AnuHa
3anucu
(mnagw.
6anT)

Fpynna
X, HOMep
darina
(cTapw.
6anT)

Mpynna
X, Homep
canna
(Mnagw.
OanT)

Fpynna
X, Homep
3anucu
(cTapw.
6anT)

Fpynna
X, HOMep
3anucu
(mnagw.
6anT)

Mpynna
X+1, Tn
(BCcerpa
paBeH 6)

Mpynna
X, Tmn

(BCcerpa
paBeH 6)

OnunHa
3anpoca
(7+245)

PyHKUMA
0x14

Mone Data PDU 3anpoca coaepxuT:

e [lone «annHa 3anpoca»= 7 * N, rae N — konM4yecTBO rpynn 3anpallivBaeMblX
perncTpos;

e OnucaHue rpynn 3anpalivBaeMbIX PErMCTPOB, KaX40e U3 KOTOPbIX UMEET NOJs:
Twun. Bcerga paBeH 6;

o Homep anna;
o Homep 3anucu BHYTpU dhanna;
o [OnunHa 3anucu. OnpefensieT KONMYECTBO 3anpallMBaeMblX pPErncrpos

rpynnbl.




Mutepdnoy OnucaHne npoTokona obmeHa c.8

PDU oTBeTa B crny4vae BbinosiHeHs 6e3 owmnboKk:

pynna | Fpynna | Fpynna | Fpynna Ipynna | Mpynna | Mpynna | Mpynna
pynna | Mpynna X, X, X, X, pynna | Mpynna X+1, X+1, X+1, X+1,
®dyHkums | OnvHa X, X, ™7n | permcTp | perucTp | permcTp | permcTp X+1, |X+1, Tvn | perucTp | pervcTp | perucTp | permcTp
0x14 otBeTa | anuHa | (Bcerpa 1 1 2 2 anvHa | (Bcerpa 1 1 2 2
(6anT) |paBeH 6) | (cTapw. |(Mnapw. | (cTapw. |(Mnapw. (6anT) |paBeH 6) | (cTapw. | (Mnapw. | (cTapw. |(Mnaaw.
6ant) 6anT) Garr) 6ant) 6ant) 6anT) Ganr) 6ant)

Mone Data PDU 3anpoca cogepxuT:
e [lone «gnuHa otBeta»=(('pynna X, gnuHa) + 2)+((MFpynna X+1, anunHa)+2)+...;
e [ pynnbl perncTpoB, KaXxkaas u3 KOTOpbIX MUMEET:
o [OnuHarpynnbl (6anT);
o Twn.Bcerga paBeH 6;
o PerucTpbl gaHHbIX.
PDU oTtBeT npn BO3HUKHOBEHWW OLUNOKM:

®yHKuMA 0x94 (ycTaHOBIMEH

cTapLmm oumT) Koa ownbku

[Ana nHpopmupoBaHns BegyLlero 0 ToM, YTO onepauns He BbINOSIHEHA UK BbINOSIHEHA C
owmnbkon, npmbop ycTaHaBnMBaeT cTapwuin 6ut nona «dPyHkuma» B oTBeTe. banT,
cnenyowmi 3a nonem «dyHKuMAy», dyageT cogepxaTb Kog OWNOKM (3HaYeHU A KogoB oLmnBbokK
npuseneHsbl B [Npunoxenunn 3).
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3 OpraHumsauusa gocTtyna K AaHHbIM

3.1 McnonbsyeMble TUNbl AAHHbBIX N YCITOBHbIE 00603Ha4YeHus

unsigned char —6e33HakoBoe uernoe 41Mcno (8 ouT);

signed char —3HakoBoe uernoe yncno (8 6uT);

unsigned short—6e33HakoBoe Lenoe yncno (16 6uT);

signed short —3HakoBoe uenoe uncno (16 6uT);

unsigned long —6e33HakoBoe Lenoe yncro (32 buta);

signed long —3HakoBoe uenoe vncro (32 buta);

unsigned __ int64 —6e33HakoBoe Lernoe yncrio (64 6uta);

signed __int64 —3HakoBoe Lenoe vncrno (64 uta);

float — BewecTBeHHOE YNCIIO OaMHAPHOM TOYHOCTK (32 BMTa) C NnaBaroLen 3anaTon,
cooTBeTCcTBYOLWee cTaHaapTy «|IEEE 754y,

double — BeliecTBEHHOE YMCIO ABOMHON TOYHOCTU (64 BuTa) C NNaBaloLen 3ansaTon,
cooTBeTcTBYlOLee cTaHaapTy «|IEEE 754y;

R/O — pocTyn TONMbLKO Ha YTeHue;

R/W — pocTyn Ha YTeHue 1 3anuch (6e3yCcrioBHbIN);

PAS - poctyn Ha YTeHue, JOCTYN Ha 3anuch Npu NpeabaBreHn napons;

KEY - gocTyn Ha YTeHue, 4OCTYN Ha 3anvcb MNPy HanM4mMmn aneKTPOHHOIO KIoua;

JUM - pgoctyn Ha 4YTeHue, OOCTyn Ha 3anncb Mpu YCTaHOBJSIEHHOW MepeMblyke
«3awmTa;

e KEY+JUM - goctyn Ha YteHue, JOCTYN Ha 3anucb NpU HaNIMyYnm 9NeKTPOHHOIO Kroya v
npw yCTaHOBIIEHHOM NepeMblyke «3aLmTa;

3.2 PernctpoBbif BOCTYN U XapaKTEePUCTUKN NapaMeTpoB

J[locTyn K TeKylMM U HacTpOoeYHbIM napameTpam npubopa peanun3oBaH Yepes3 pyHKUMK
YTEHUS WU 3aMUCU PErUCTPOB — MNEPEMEHHbIX, MMEKLWMX TUN LWecTHaguatTmpaspsaHoe
GeasHakoBoe uenoe. Mpy opraHnsaumMm permcTpoBoro AocTyna AenaeTcs AOMyLeHne, 4To
BCE MHOroobpasHble CTPYKTYpbl JaHHbIX pacnonaralTcs B naMaTu, 3NeMeHTapHOW si4eliKon
KOTOpPON SAIBNSIETCA OAMH LIecTHaguatTupaspsaHblii perucTtp Tuna «6e33HakoBoe LEernoey.
®dun3nyeckn aaHHble MOryT HAXOOMTLCA B COBEPLUEHHO pasHbIX yvacTkax naMmaTtu npubopa n
Aaxke B pasHbIX TMNax namsTy (onepatuBHasi, 3HeproHesaBMcumasi U T.4.), HO Ans CUCTEMbI
BEPXHEro YPOBHS AaHHblEe «BbIMMAAAT» Kak eanHoe agpecHoe npocTpaHcTBo. B atom cnyyae
BCe [JOCTyMHble [aHHble MOXHO MpPeACTaBMTb Kak MaccuB LlecTHaguaTupaspsiaHbIX
PErMcTpoB, KaXKabll U3 KOTOPbIX XapakTepuayeTcss HOMEePOM B MaccuBe (Oanee agpecom).
Kaxabln napameTp npubopa MOXeT 3aHMMaTb YacTb PerncTpa, BeCb PerncTp Lenmkom nunm
HEeCKONbKO perncTpoB. Taknm o6pa3om, napameTp xapakTepuayeTcsi COOCTBEHHLIM TUNOM U
pacnorioXXeHnem BHYTPU MaccrBa perncTpos.

[locTyn K apxmBamMm oOpraHu3oBaH 4epe3 CcTaHgapTHble QYHKUMKM YTeHna ¢annos,
npeayCMOTPEHHbIE NMPOTOKoNoM « Modbusy.

3.3 lMopsagok xpaHeHUA n nepegayvm 6anT gaHHbIX

[ns yTeHna n 3anmcn pernctpoB B ctaHgapTe « Modbusy» npegycmMoTpeHbl cneunarnbHble
YHKUMU, KOTOpble ONEepupyroT COO4EPXUMbIM LeCTHaauaTMpaspsaHbiX perncTpoB. ATn
dyHKUMM npegnonaratT, YTo Npubop XpaHUT 4aHHbIe TONbKO TUNa WeCcTHaguaTupaspagHoe
0e33HaKOBOE LIENIOE M HMYEro HE «3HAKT» O TEX TUMAX AAHHbIX, KOTOPbIMU OENCTBUTENBHO
npeacTaBneHbl napameTpbl npnbopa. Takmum obpasom, nonyyaeTcs, YTo B npubope gaHHbIe
XpPaHATCA B HEKOEM MCXOOHOM dhopmaTe, a nepegarwTcsa no cetu B Buae Habopa
lWecTHaauaTMpaspsaHbelX pernctpoB. [lpy nepefade faHHbIX, YeW pas3Mep B UCXOOHOM
dopmaTe npesbiwaer 16 6uT (long, float, double v T1.4.), ncNonb3yrTC HECKONBLKO
nocnegoBaTenbHbIX perMcTpoB. [py 3TOM MNaglne crnoBa NepegarTcs B NEPBYIO o4Yepeb,
cTtapwue - B nocnegHow. T.0., ans npeobpasoBaHms K nopagky 6anTt, ecteCTBEHHOMY ANs
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nnatdopmbl PC, Tpebyetrca ang Kaxaooro npoyYMTaHHOro/3anvcbiBaeMoro permcrpa
M3MEHUTb NOPAJOK DanT.

Mpumep pasmeweHns paHHbiXx ans tmna long (MSB-most significant byte, LSB-least
significant byte):

B3 B2 Bl BO
MSB LSB
Pernctp Peructp AO Pernctp A1
Mopsgok nepegayn nepebIn nocnegHnmn
bant Bl BO(LSB) B3 B2(MSB)

Mpumep pasmewieHna AaHHbIX ang tuna float:

B3 B2 Bl BO
SEEEEEEE EMMMMMMM MMMMMMMM MMMMMMMM
Pernctp Pernctp AO Pernctp Al
Mopsgok nepegayn nepBbIn nocnegHunin
bant Bl BO(LSB) B3 B2(MSB)
Mpumep pasmelleHns gaHHbix ang Tmna double:

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

Mopsigok nepegayn |nepBbli nocnegHuni
bant B1 (BO(LSB)| B3 B2 | B5 B4 |B7(MSB) B6

3.4 TeHue/3anucCb TeKyLMX M HACTPOEYHbIX NapamMeTpPoB

UTeHne/3annucb TeKywmMX W HACTPOEYHbIX MapameTpoB MNPOU3BOAUTCA MpPU MOMOLLM
PYHKUMI YTeHus/3anucn pernctpoB (pyHkummn YteHmnsa 0x03, 0x04, dpyHkummn 3anmcm 0x06,
0x10). lNapameTpbl, OOCTYMHble TOMBLKO Ha YTeHWe, MOryT ObiTb MPOYUTaHbl TOJSBKO
dyHKunen 0x04. MNapameTpbl, OOCTYNHbIE KaK Ha YTEHWEe, Tak U Ha 3anncb, MOryT ObiTb
npoynTaHbl 06enmmn yHKLMAMM NO OANHAKOBbLIM agpecam. PacnpeaeneHne nepeMeHHbIX B
aZipeCHOM NPOCTPaHCTBE ONMCAHO B pasaene KapTa nepemMeHHbIX.

3.5 OpraHusauumsa apXxMBOB U CYMTbIBaHNE apXUBHbIX AAaHHbIX
Mpnbop coaepXXmnT apxnBbl cnegyowmx TMNoB.:
e CobbITuS;
e MUWHYTHbIN apXuB;
e Yacoson apxus,;
e CyTOYHbIN apXuB;
ApPXMBbl UMEIOT KOMbLEBYI CTPYKTYpPY, T.€. MPU MNOSHOM 3anofIHEHUW apxmBa HOBbIE
3anmcu NULWYTCS Ha MeCTO caMblX CTapbiX.

ApxnBbl XxpaHATca B npubope B Buae annos. Kaxabin dann cCoaepXuMT OEeCKpUnTop
anna (B nepeon 3anucu), a Takke 3anucu, npeacrtaBnsowme ogHo cobbiTve nnn oavH
«BPEMEHHON cpe3» AaHHbIX. [ns YTEeHUs COAEpPXMMOro apxXmMBOB MCMNONb3yeTcs (PyHKUUS
yTteHns pannos (PpyHkumsa 0x14).

Kaxgbin cavn B nepson 3anucu (Homep 0) xpaHuT geckpuntop cpanna. OcTtanbHble
3anuncu NpeacTaBnaoT AaHHble panna. [leckpuntop dpanna coaepxuT:

e [InnHa nepBow 3anucu (annHa geckpuntopa, 2 6anTa);
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Tun nepsown 3anucu (Tun geckpunrtopa, 2 6anTa, Bcerga paseH 1);

[nuHa cpanina B kKonn4yecTse 3anncen (bes ydeta nepsomn 3anucu, 2 banta);
[nnHa kaxgon 3anncu (Kpome nepeou 3anmcun, 2 6anta);

Tun cogepxmmoro canna (2 6anta). MoxeT npuHUMaATL 3Ha4YeHUA: 4 — dhann
cobbiTnin, 3 UK 5 — hann namepuTensHoOro apxmea (MMHYTHbIN, HACOBOW NN
CYTOYHbIN).

AnropuTm gocTtyna K pannam:

1. YteHue 3anmcu c Homepom 0 n3 cparina c Homepom 1 (nonyveHme geckpuntopa
danna). Ecnv npubop BepHyn owmnbKy C KOAOM 2, 3Ha4MT, hannos bornbLue
HeT;

2. AHanus geckpunrtopa Ha npegMmeT AnvHbl OCHOBHbIX 3anucen U aAnvHbl hanna;

3. YUTeHune ocTaBLUMXCA 3anucen hannaun nx uHTepnpeTaums;

4. lNNoBTOopeHne NnyHKTOB 1-3 Anga creaytoLlero ganna.

Kaxxgas apxmBHas 3anncb, He3aBUCMMO OT TUMa parna, MMeeT CNeayoLyo CTPYKTYpY:

Homep 3anncu. CyeTumk, KOTOPbIA YBENMYMBAETCA HA eaNHULY NP POPMUPOBaHUMU
HOBOW 3anucu BHYTpu aaHHoro hanna. MmeetT Tununsigned _ int64;

Maccue n3 52 6anT. B Hem pasmelLaeTcs CTPYKTypa AaHHbIX apXMBHOW 3anmcu (CM.
MHTepnpeTaums apxmBoB);

KoHTponbHasa cymma 3anucu. Mveet Tvn unsigned long n paccunTbiBaeTcs No
anropntmy Crc32 (MpoBepka LeNOCTHOCTN AaHHbIX AOSMKHA BbINOMHATLCS Hag BCEM
6rokoM AaHHbIX A4nMHOM 64 BanTa BKoYas KOHTPOSbHY CyMMy. PYHKLNS NPOBEPKN
KOHTPOJSIbHOW CyMMbI B [1pnnoxeHuu 4).

AnropyT™ ONTUMM3MPOBAHHOIO CYNTbIBAHUS apxmBa npueeaeH B MpunoxeHnn 6.

3.5.1 UHmepnpemayuss MUHYMHO20, 4aCOB020 U CYmMOYHO20 apXxueos

MWHYTHBIM, YaCOBOW W CYTOYHbIA apxuBbl BedyTcs Bcerga. XpoHorornyeckasi metka
3anuncu cogepXxmT Bpems HapaboTkn npubopa n MoXeT cogepaTtb AaTy/Bpems Npu Hanmymm
B Npnbope yacoB peanbHOro BpemeHun (onums). Hannume yacos peanbHOro BpEMEHN MOXHO
onpegenuTb NO 3HAYEHUK nepemeHHom «Pernctp coctosHus npubopa» (cm. Kaprta
NepeMeEHHbIX).

MWHYTHBIN apxuUB XpaHUTCA B dhanne HoMmep 6, YyacoBoun B hansie HoMmep 7, CyTOYHbIN B
dhanne Homep 8.

Heobxogumo npounTtaTh BCe 3anucu panna, BbICTPOUTb UX NO NPU3HAKy HapacTaHus
3HaveHMa nons «Homep 3anucu» M MHTepnpeTMpoBaTb Te 3anUCU, Y KOTOPbIX CXOOUTCH
KOHTPOJSIbHad cymMmma.

ApXxnBHag 3anncb COAEPXUT creayroLime nons:

e HTerpanbHoe BpeMsa HapaboTkM Ha MOMEHT 3anuncu (MMHyT). Tun unsigned long;

¢ [lokasaHns YyacoB peanbHOro BpeMeHn Ha MOMEHT apXMBupoBaHus. Ecnn nnarta He
MMeeT YacoB peanbHOro BpeMeHu, TO aHanna3mpoBaTb JaHHOE Norne He cnegyer.
3Ha4veHne npencraBreHo B Buae maccuBa unsigned char n3 6-tm anemeHTOB.
Kaxxgbin 6ant cogepxut umucno B ¢opmate BCD (cbyHKunmn npeobpasoBaHus
npeactaesnensbl B MNpunoxeHun 5). MNopsgok cneqoBaHus: cekyHaa, MUHYTa, yac,
AeHb, Mecsl, rog;

e WHTerpanbHoe 3HavyeHne V+ (M3). Tun double;

e VHTerpansHoe 3HadveHue V- (M3). Tun double;

e MrHOBeHHOE 3Ha4YeHune pacxoda Ha MOMEHT apxmBupoBaHus (M3/4). Tun float;
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Kogbl owwmbok. Tun unsigned long. Kogbl owmnbok n HanmeHoBaHUA oLMBOK
ONucaHbl B PyKOBOACTBE MO aKcnnyataummn Ha npndop. Mnagwwme 12 6ut (6utsbl 0-
11) XpaHAT onMcaHMe CaMOW Cepbe3HOW OLMOKM 3a MHTEepBan apXuBUpPOBaHMUS.
Mpun atom 6UTLI 0-7 XpaHAT 3Ha4YeHne oWwnbKn, BuThl 8-11 — paclnpeHne ownbKku.
HeHyneBoe 3HayeHne B 6uTax 0-7 o3HavaeT Hanmume owmnbkn. B cnyyae Hannuna
owmnbKkn cnegyet npoaHanuavMpoBaTtb pacwupeHve owmnbku (butel 8-11). Koa
ownbkn gormkeH ObiTb NpeactaBneH B Buae «X.Y», rae X - 3Ha4yeHne owmnbkm B
lwecTHaguaTtepMyHom  npepcrasneHMn, Y - pacwmpeHne  owubknm B
LecTHaguaTepmyHom npeacrasneHnmn. Ecnu pacwmperme owmnbkm pasHo 0, To Kog
ownbkn npeacTtaBnseTcs TOMNbKO 3HavyeHMem owmnbkn B Buae «X». Crtapwwue 2
Ganta (GuTtbl 16-31) XpaHAT NPU3HaAKU HanMuns owMBOK K dnarn COCTOAHWUI
npubopa. YCTaHOBMNEHHbIM BUT O3HA4YaeT Hannune ownbKNn Unnm yCTaHOBMEHHOTO
donara. Bo3aMOXHbl cCOMeTaHUSA cneayroumx 3Ha4eHNN

o (0x00000001 << 30) — gormkeH oTobpaxaTtbcs kak « RTCy;
(0x00000001 << 29) — pomkeH oTobpaxaTtbcs kak « MGy;
(0x00000001 << 28) — pormkeH otobpaxaTbcsa kak « Wy;
(0x00000001 << 27) — pormkeH otobpaxaTtbCs Kak «IN»;
(0x00000001 << 26) — pomkeH otobpaxaTtbcs Kak «IC»;
(0x00000001 << 25) — pormkeH otobpaxaTbCsa Kak « MX»;
(0x00000001 << 24) — pomkeH oTobpaxkaTtbcs kak « OF»;
(0x00000001 << 20) — pomkeH oTobpaxaTtbcs kak « GRy;
(0x00000001 << 19) — pomkeH oTobpaxaTtbcs kak « WCy;
(0x00000001 << 18) — pomkeH oTobpaxkaTbCs Kak « FR»;
(0x00000001 << 17) — pomkeH oTobpaxkaTtbcs kak « RRy;

o (0x00000001 << 16) — gormkeH oTobpaxaTtbcs kak «K».
WHTerpanbHoe Bpemsa HapaboTku npu owmbkax Ha MOMEHT 3annucu (MMUHyT). Tun
unsigned long;
MunHMansHoe 3Ha4YeHne pacxoga 3a MHTepBan apxmsupoBaHus (M3/4). Tun float;

O O O OO OO O o0 O

MakcumanbHoe 3Ha4YeHne pacxoda 3a nHTepean apxmsupoBanus (m3/4). Tun float;

Conpotnenenune xungkoctn (kOm). Tun float. MNpucyTcTBYET TONBKO B apXMBHOM
3anucu Tuna 5 (cM. onucaHune geckpunTtopa cdanna).

3.5.2 UHmepnpemayus apxuea cobbimutli

ApxnB cobbITUn MOXeT cogepxaTb 6onee ogHoro ganna. Noatomy cnegyeT npoynTatb
BCe 3anucm Bcex annoB apxvmBa cobbiTU. 3aTeM 3anucu, y KOTOPbIX CXOAUTCS
KOHTPOJSIbHas CyMMa OTCOPTUPOBAaTb NO BPEMEHU U 3aTEM UHTEPNPETUPOBATb.

ApXxnBHag 3anncb COAEPXUT creayroLime nons:

Tun cobbitna. Tun unsigned char. OnpegensieT TMN nNpou3oLwleawero cobbiTus.
MoxeT NnpuHMMaTh criefyoLlme 3Ha4YeHNA:

o 0x00 - HeT cobbiTug;
0x02 — 'ameHeHne napameTpa;
0x03 — Bkn. nutanus;
0x04 — lNepesanyck;
0x10 - Owwnbka cTeka;
0x11 — Owmnbka namepeHuns;
0x12 — Owmnbka yacos;

o 0x13 - lNepBbI 3anyck;
NHTerpanbHoe BpeMsa HapaboTkM Ha MOMEHT 3anncu (MMHYT). Tun unsigned long;
BHewHas BpemeHHas meTka. Tun signed long. lNpeacTtaBnseT KONMYECTBO CEKyHA,
npoweawee ot 01.01.1970 00:00:00;
[MokasaHM4 YacoB peanbHOro BpEMEHN Ha MOMEHT apxnBMpoBaHug. Ecnv nnata He
NMeeT YacoB peanbHOro BpeMeHu, TO aHann3MpoBaTb JaHHOE Nnone He cneayer.

O O O O O O
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3HayeHne npeacTaBneHo B BMae maccmBa unsigned char n3 6-tm anemMeHTOB.
Kaxgbin 6anTt copgepxmt uncrno B ¢opmate BCD (pyHKumm npeobpasoBaHus
npeactaenieHbl B NpunoxeHun 5). MNopsgok crnefoBaHUs: cekyHaa, MUHYTA, Yac,
AeHb, MecsU, rog;

e Twnn 3HayeHud. Tun unsigned char. OnpegensieT TMN AaHHbIX 3HAYEHU W, XPaHU Mbl X
B nonax «Ctapoe 3HadyeHMe» U «HoBoe 3HayeHue». MoxeT npuHMMaTb
cnegyowime 3Ha4YeHns:

o 0 — HeT 3HavyeHus;

8 — unsigned __int64;

9 —signed __int64;

10 — double;

17 — pata/Bpems. Maccus n3 6-tn 6ant B popmate BCD (cekyHaa, MUHyTa,

yac, AeHb, MecsL, roq).

e Twun nepemeHHon ans cobbitna «MameHeHne napametpa». Tun unsigned short.
CooepxuT 3HayeHue HadanbHoro agpeca peructpa «Modbus» M3mMeHeHHoro
napameTpa:

e CTtapoe 3HayeHue. MaccuB 13 8-mmn 6anTt. CogepXnT 3Ha4eHne B COOTBETCTBUUN C
TUMNOM, YKa3aHHbIM B Nnosne « Tun 3Ha4YeHna»;

e HoBoe 3HayeHne. MaccuB n3 8-mmn 6ant. CoaepXmT 3Ha4YeHNne B COOTBETCTBUUN C
TUNOM, YKa3aHHbIM B rnose « Tun 3HayYeHns»;

o WpeHTndukartop kntova goctyna. Maccms tmna unsigned char ns 4-x aneMeHTos;

e Kogbl owmbok. Tun unsigned long. MIHTepnpeTaumMsa aHanorM4Ha nHTepnpeTaumu
OZHOMMEHHOrO NOoMnsi B MUHYTHOM apXvBe;

e Homep cobbiTva. Tun unsigned long. CyeTuMk, KOTOpbIA yBenMYMBaeTCA Ha
eauHuuy npu opMmpoBaHnM HOBOW 3anucu (CKBO3HAs Hymepaumsi cobbiTun,
obuwas ans Bcex pannos apxusa cobbiTnin).

o 1-unsignedchar;
o 2-signedchar;

o 3 - unsignedshort;
o 4 - signedshort;

o 5—unsignedlong;
o 6-—signedlong;

o 7-float

(@)

(@)

(@)

(@)



Mutepdnoy

Onucaxue NpOoTOKONa obmeHa

c.14

4 Kapta nepeMeHHbIX

Pasme
HassaHue Anpec (6a|7|T)p Tnn [ocTyn MpumeyvaHue
Tun npubopa 0 2 unsigned short R/O [0x170E — Mutepdnoy T1
P P
: cTapwwmin 6anT Bepcus,
Bepcusa nporpammel 1 2 unsigned short | R/O MNaAWNA-pEnaKLS
Mopsgok 6anT un cnos 3 2 unsigned short | R/O |He ncnonbsyetcst
. WHovumpoBaTth B
CRC npowmnBku 4 2 unsigned short | R/O LIECTHALATEpYHOM BUAS
Mnagwwmii 6ut onpenenseT
Pernctp coctosHusa npubopal 6 2 unsigned short | R/O  |Hanuuue 4acoB peansHOro
BpemMeHu
Kann6p. koadhpumumeHT A 7 4 float R/O
Kannbp. koadhdpunumeHT B 9 4 float R/O
Tekywmn pacxog (Mm3) 100 4 float R/O
UHTepnpeTaumns
Kopg owwmn6kun 102 4 unsigned long R/O |aHanornyHa ofHOMMEHHOMY
)il
nosto MMHYTHOIO apXxmBea
NuTterpan V+ (M3) 104 8 double R/O
WHTerpan V- (m3) 108 8 double R/O
Bpems HapaboTkun (MWH.) 112 4 unsigned long | R/O
3anuck cbpackiBaeT gocTyn
YpoBeHb focTyna 200 2 unsigned short R/W |B HOnb. ButoBas macka: 6ut
0-PAS; 6ut 1-KEY; 2-JUM
unsigned o .
BanTtbl 0..15: cTPOKOBbIN
ABTOpV3aLMS 201 20 uncs?;;[elo?]lgng RIW napornb + MeTKa BpeMeHy
Mpepnen koppekunun Yacos 410 5 unsigned short | RO PaspelueHHble npeaensi
peanbHOro BpemeHu (Cek.) KOPPEKLMM Yacos
Koppekuns yacos 411 2 signed short PAS
peanbHOro BpeMeHu (Cek.)
YcTtaBka komnapaTtopa F1 490 4 float PAS
(M3/4)
YctaBka komnapatopa F2 430 4 float PAS
(M3/4)
CeTeBou agpec 440 2 unsigned short | PAS
Tun Bbixoga F1 500 2 unsigned short | KEY
Tun Bbixoga F2 510 2 unsigned short | KEY
Bec umnynbsca (n) 520 4 float KEY
. KEY+JU
ay (mm) 540 2 unsigned short M
Knacc pacxogomepa 550 2 unsigned short KEI/TJU Cumeonsl ‘A", 'B','C', "'
MakcnmanbHbIn pacxon 560 > unsigned short KEY+JU
(M3/4) M
o o . KEY+JU
CepuiHbI HOMEp 570 4 unsigned long M
YpOBEHb OTCEYKM 580 4 float KEY*
Yacbl peanbHOro BpeMeH! 590 6  |unsigned charf6]| KEY |CSK MUH., uac, ek,

mecsu, rog B opmarte BCD

MpumeyaHue (*): ypoBeHb AOCTyNa K napameTpy «YpoBeHb OTCeYKM» Ans npnbopos C
Bepcuen [103.12 KEY+JUM.
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MepeMmeHHasn «Pernctp coctosHuA npubopa» CoaepXnT MHAOPMALMIO O HANMYMn Ha
nnaTte 4acoB pearibHOro BPEMEHU . YCTaHOBIEHHbI MNaawmn GuT roBopmT O HaNM4Mmn 4yacos
Ha nnaTe.

MepemeHHyo «Koa owmnbKu» creyetT MHTepnpeTMpoBaTtb TaK Xe, Kak OnucaHo Ans
OAHOWMEHHOrO Mo MUHYTHOIO apxuBea.

[MepemeHHas «YpoBeHb AOCTyna» MO3BOSIIET NPOYMTATh TEKYLUMA YyPOBEHb AOCTyna K
N3MEHEHMIO NnapameTpoB. Tpu Mnagwmnx duTa KogupyoT Hannuue goctyna. but 0 — PAS,
out1 - KEY, 6ut2 — JUM.

[MepemeHHas «ABTOpM3auusa» HeobxoaMma ONna nepedadu napons npu  nonbiTke
n3MeHeHns napameTpa, TpebytoLlero goctyna no naponto. Ecnu Tekywmin ypoBeHb JocTyna
MeHee ypoBHs PAS, nepen naMeHeHMeM napamMmeTpa cucrtema BEPXHEro YpOBHS OO0IMKHa
BbIMONHUTbL 3anNMcb B NepemMeHHyo «ABTopu3auus». B 6anTel 0+15 maccuBa aBTopmnsaumm
KOMMpPYeTCs CTPOKOBbIN Maposib (C 3aBepllarolinm HyrieM Ha KOHLE), B norie BPpeMEHHOM
METKM KOMUPYeTCHA 3HadeHwe JioKanbHOro BpemeHu (B popmaTte Konm4yecTBa CeKyHA,
npoweawmnx ¢ 01.01.1970 00:00:00). NepemeHHasn «ABTopu3aumsa» OOMKHA BbITb 3anMcaHa
eanHbiM maccneom (20 6anT).

MepeMeHHble «Tun Bbixoaa Fx» MOryT npMHUMaTh 3HAYEHUS:

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

Pacxopa npsimon n o6patHbin, nHBepcHbIn Bbixoq: (0 | (1<<7) | (1<<6) | (1<<5));
Pacxog npsimoii: (0 | (0<<7) | (0<<6) | (1<<5));

Pacxopn npsimon, nHeepcHbln Bbixoq: (0 | (1<<7) | (0<<6) | (1<<5));

Pacxopg obpatHbii: (0 | (0<<7) | (1<<6) | (0<<H));

Pacxop obpaTtHbln, HBEpPCHbIN BbixoA: (0 | (1<<7) | (1<<6) | (0<<5));
KomnapaTtop: (1 | (0<<7));

KomnapaTtop, uHBepcHbIn Bbixod: (1 | (1<<7));

Owwmbka: (2 | (0<<7)).
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NMpunoxeHue 1. ®DyHKUUA pacyeTa KOHTPOoNbHOM cyMmmbl LRC

Mpumep PyHKUMN pacyeTa KOHTPOSBHOM CyMMbI Kagpa Ha a3bike CU:

unsigned char Lrc(unsigned char * pSrc, int length) {
unsigned char locLrc=0;
for (int i1=0;i<length; i++)
locLrc += * (pSrc+i);
return locLrc = ~locLrc + 1;

}
roe:

e pSrc — ykasaTenb Ha bydep, cogepxawmn coobLlieHne;
¢ length —konnyecTBo BanT AaHHbIX, AN KOTOpbIX TpebyeTcs npon3secty noacyeT LRC.
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MpunoxeHue 2. PyHkuum npeobpasoBaHna B ASCIl n o6paTtHo

Hwuxe npuBegeHbl npumepbl Ha a3bike CU dyHKkUMI npeobpasoBaHnda ns ASCII goopmaTta
B ABOWYHbLIN 1 oBpaTHOro npeobpasoBaHunsa na ggonyHoro B ASCIL.

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]={

'O’,'l', '2','3','4','5','6','7','8','9','A','B', vclllellEv, "F'};

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

unsigned char cb;

cb=0;
for (i=0; 1i<2; i++) {
ca=*cptr++;
cb<<=4;
if((ca >= '"0") && (ca <= '9") || (ca >= '"A'") && (ca <= "F"))
cb|=CharToBin [ca-0x30];
else
return (0);
}
*bptr=cb;
return (1) ;

)
roe:

e Cptr — ykasaTenb Ha bydep, cogepxawmn cumaosnbl ASCII;

e bprt - ykazatenb Ha Bydep, Kyaa 3anncobiBalOTCA ABOMYHbIE BaniThI.

voidBINtoTwoASCII (unsigned char *bptr, char *cptr) ({
unsigned char cb;

cb=*bptr;
*cptr=BinToChar[ (cb>>4) & 0xO0F];
cptr++;
*cptr=BinToChar[cb & O0x0F];
}

roe:
e bptr — ykazatenb Ha Oycep, cogepxxalumii 4BONYHbIE GanThbl;
e cprt - ykasatenb Ha 6ydep, kyaa sanuceiBatotcs cumsornbl ASCIL.
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MpunoxeHue 3. Koabl owinb60K, BO3Bpawaembie npudbopom

0 - HET oWwKnboOK;

1 - HepgonycTUMmas pyHKUUS;

2 - HeJonNyCTUMbI adpec B 3anpoce;

3 - HegoNyCTMMblE 3HA4YEHNA B NOSie JaHHbIX 3anpoca;

4 — HenonpaBmnmas oM bKa BO3HMKIIA BO BPEMSI BbINOMHEHN S ONepaumniu;

5 — noaTBEPXXAEHNE BbINOSIHEHNA onepaunn (He MCNonb3yeTcs);

6 - 3anpoc He MoxeT bbITb 0b6paboTaH cenyac, HeobxoaNMMo NOBTOPUTL 3arNpocC NO3HEE;
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NMpunoxeHue 4. PyHKUUA pacyeTa KOHTPONbHOU cyMMmbl Crc32

#define CRC32_
#define CRC32_
#define CRC32_
#define CRC32_

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

unsigned long

unsigned long

Pre() 0xFFFFFFFF
Pnom () 0xEDB88320
XOR () OXFFFFFFFF

Check (_C) (_C == 0xDEBB20E3)

3
_CRC;

_CRC = CRC32 Pre();

for (3=0; j <

_CRC = CRC32_Calc_ Byte (* ( (BYTE*) (pBuf) +3),

len; j++) {

if (CRC32 Check( CRC)) {

return 1;

} else {

return 0;

unsigned long CRC32 Calc Byte(unsigned char D, unsigned long C)

unsigned char i = 8;
~C *= (D & OxFF);
do {
if (C & 1) { C=(_C>>1)"CRC32_Pnom();
} while (-—_1);

return (_C);

{

_CRC) ;

} else { C>>=1;
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NMpunoxeHue 5. PyHkuuun npeobpaszoaHna B BCD n o6patHo

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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NMpunoxeHue 6. ONnTUMM3aUMA aNrOpUTMa CYNTbIBaAaHUA apXUBOB

[octyn kK apxuBam npubopa peannsoBaH 4Yepes cynTbiBaHWe hannos no sanuvcsam des
BO3MOXHOCTM YKa3aHW s XXenaemMoun gaTbl apXnMBHOW 3anucun. 3To npeanonaraeT CYMTbiBaHN €
BCero pansia apxvBa LENMKOM B KaXJoOM ceaHce CBsA3W. [1pn perynsapHOM CUYMTbiBAHUMU
apxuBa 3TO NPUBOAUT K SOMOSHUTENBHLIM BPEMEHHbBIM 3aTpaTtaM Ha NofyvYeHne apxXmBHbIX
3anuncen, KotTopble 6bINM NPoYNTaHbI BO BpeMS NpeablayLimMX CEaHCOB CBA3N. [ANg 3KOHOMU K
BPEMEHU CUMTbIBAHUS anropuTM MOXeT ObiTb ONTUMU3NPOBAH HA CTOPOHE NPOrPaMMHOroO
obecneyeHnsa BEPXHEro0 YPOBHSHA, €CIM OHO MMEET BO3MOXHOCTb COXPaHsATb MPOYUTaHHbIE
AaHHble B KAKOM-HMOYab XpaHunuue, Hanpumep, 6ase AaHHbIX.

AnNropuT™M OCHOBaH Ha TOM, 4YTO 6a3a AaHHbIX (B[) XpaHUT Kak COAepPXXNMMOE apXMBHbIX
3anucen, Tak n cnyxebHyo nHpopmaunio o 3anncax (Homep anna U MHOEKC 3anucu, U3
KOTOpbIX 3anuckb bbina npounTtaHa).

Ecnun gna gaHHoro cdavna B B[ HeT nHdopmaumun, To NPON3BOANTCH CYMTbIBAHME BCEX
nmerowmxca B npnbope 3anncen. Npu cunTeiBaHN KN KaXKaom 3anmcn uMeeT CMbICITNPOBEPSATL
KOHTPONbHYO cymmy. [lpu nocnegoBaTtenibHOM HecoBMaLeHWM KOHTPOSbHOW CyMMbl 5 U
bonee pa3 MOXHO MpeKpaTUTb CYUNTbIBAHME OAHHOro danna, T.K. JaHHas CUTyauus MOXeT
yKasblBaTb Ha TO, YTO pans He 3anosiHEH MOSTHOCTbLIO.

Ecrv B[l comepXuT uHpopmauuio O npegploywieM CYMTbiBaHUU, TO Heobxoaumo
NPOn3BECTU CYUMTbIBaAHME N3 NpMbopa, ykasaB Homep dpannia n MHOEKC 3anncu Takme xe, Kak
B nocnegHen 3anucu B (T.0. BbINOMHAETCA KOHTPONIbHOE CUYUTbIBAHME MNOCNEenHEN
N3BECTHOW 3anncn).

HecoBnageHne NHKpeMeHTHOro Homepa 3anucu (Tun unsigned __ int64) nnmM KOHTPONbHON
CYMMbI NPOYUTaAHHOM U3 NpMbopa 3anncu c aHanorM4HbLIMM nonsmm 3anmcu n3 b rosoput o
TOM, YTO apxMBHas 3anucb Obina nepennucaHa ¢ MOMeHTa NOCreaHero CYNTbIBaHUA (apxuB
«3akonbueBarncs»). B atom cnydae cnegyeT NpoM3BECTU CUUTbIBAHWE [OAHHbIX TaK, Kak
oyato B[] He copepkana nHdopmaumm ob apxuse.

B npotMBHOM crnyyae cuMTbiBaHME [aHHbIX BbIMNOSIHAETCH, HauMHasi Co crieayoLlen
3anucu. CunTtbiBaHME NPOAOIHKAETCH 40 BO3HUKHOBEHUS OAHOMO M3 COObITUIA:

e [lpouMTaHbl BCe 3anucu anna;

e [lpounTaHo 5 nnu Bonee 3anucen c HecoBnagaroLLen KOHTPOSIbHOM CyMMOM;

e [lpouMTaHa 3anucb, uUMelWaa 3HAYEeHUE WHKPEMEHTHOITO HOMEpP MeHbLue
MakCUMarbHOMO W3BECTHONO 3HA4YeHUs UHKPEMEHTHOro HomMepa 3anucu
(xpaHsweroca B B[l vnM NpoynTtaHHOrO BO BPEMS TEKYLLEero ceaHca CBS3W).
[aHHasa cuTyaumsa roBopuT O TOM, YTO MPOYUTaHA 3anncCb, KOTOpas yXe O0IDKHA
HaxoanTbes B B.
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MpunoxeHue 7. PyHKUUNA pacyeTa KOHTPONbHOWU CYMMbI
Cyclical Redundancy Checking (CRC16)

PacyeTr KoOHTponbHOM cymMmbl kagpa RTU mMoXeT BbIMNONHATLCA MO  crnegylowemy
anropuTMy (TEKCT Ha A3blke nporpammupoBaHng 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++) {
if((Sum.w&0x1l)==1)
Sum.w= (unsigned short) ( (Sum.w>>1) “0xa0010U) ;
else

Sum.w>>=1;

}

return Sum.w;

MycTb kakoe-nnbo cooblieHne, nmetowero annHy N, 3anmcaHo B maccuBe Data[N+2] Tuna
unsigned char. Torga ans 3Toro COOBLLUEHNS KOHTPOSIbHYHO CyMMYy criegyeT dhopMmnpoBaTb
cnenyowmm obpasom:

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



