oy TEPMOTPOHHK

OnucaHue NpoTokosia oomeHa
pacxogomepa «lMutep®Pnoy PC»
C CUCTEMOUN BEpPXHEro ypoBHS

3A0 «TEPMOTPOHUK»
193318, Poccus, Cankr-lNeTepbypr, yn. Bopowwurnosa, 4.2
TenedoH, cakc: +7 (812) 326-10-50
Cant 3A0O «TEPMOTPOHWK»: www.termotronic.ru
Cnyxba TexHMn4ecKon NnogaepKku: support@termotronic.ru
Ten. 8-800-333-10-34



Mutepcnoy PC OnucaHune npoTokona obmeHa c.2

CopepxaHue
N 1= 1=y =T 1 = 4
1.1 OBLLME CBEIEBHMSI.......cevvvrueieeeeeeeettiiaeseeeeeeesat e teeeaesees b e seeeseessabasaeesesssstanaaaeesssssasanssesesesssstansenaaseenes 4
1.2 ALANTEPDI MHTEPAIEIMCOB .....eeeieeiieiettteiteteeataatttteeeaeeaeaaaasnteeeaeaaeasaaassteseeaaaeeaaassbeeeeeaessaaanssssneeeeeeesaansnssees 4
1.3 YPOBHU MPOTOKOSIA OOMEHA ...eeeeiiiiiiiiiieeeeeeieiiitteeeeeeeessstatreeeeeeeesassntasaeaaeeesasnssbaseeeaeessanssnsaaneeeeeesansnrenns 4
1.3.1 B Lo AR =T ot 11 Y/ o Lo )= = o 5
1.3.2 KOMMYHUKALNOHHDBIN YPOBEHD .......vvvvvveeseersesesssessssssssssssssssssssnsssssssssssssssssssssssssssssssnssnssnssnssnsnnnsnnnnns 5
F B 1Y, oo o TU NS T O | D PP PR 5
F N 1§ RV [oTe | o TN I L O] = PR 6
2 Peann3oBaHHbIE PYHKLUNM MPOTOKOTIA ..uvuruuneeeeeeeeieiiuinnaseeeeeeeeesssnnnnsaaeeseeeesssnsnnaeaeeseeeennes 7
2.1 dyHkuma Modbus 03 (0x03 hex) (Read Holding Registers) 1 04 (0x04 hex) (Read Input Registers)...7
2.2 dyHkuma Modbus 06 (0x06 hex) (Write SiNgle REGISIEI) .....cccicciviiiiie e 7
2.3 OyHkuma Modbus 16 (0x10 hex) (Write Multiple REJISIEIS) .......vvviieiie i 8
2.4 OyHkuma Modbus 20 (0x14 hex) (Read File RECOI)......uuiiiiiiiiiiiiiiiie et 8
3 OpraHm3aums JOCTYNA K LAHHBIM ......ccoveuiiiiiieeeeeeeeeeeiiitiaaeeeeeeeeeeessnnnaeaeeseeeeessnnnnaaaeeaees 10
3.1 Mcnonb3yeMble TUMbl JaHHBLIX U YCITOBHBLIE OBO3HAUEHMSI.......cccivvreeeiiiieeeieiireeessareeessssaeeessnnseeessneeeas 10
3.2 PernctpoBbIi AOCTYN U XapaKTEPUCTUKN MAPAMETPOB ....ceeiuurrreeiurreeeiiireeesasireeessnseeesasnseeesasseeessnnees 10
3.3 Mopanok XpaHEHUST U NEPEOAYM BANT LAHHDBIX .....uvvreeeeeeiiiirtrereeeeeeiiitnrrereesesssasssnneeseesesssanssssseseeeesaannns 10
34 YUTteHune/3anmch TEKYLLUMX N HACTPOEYHBIX MAPAMETPOB ....cceeiiurrrrrrreeeeeiiitrrreeeeeesssassssrsreeesesssssnsrnseeeees 11
35 OpraHunsaumsi apxmBOB N CHUTBLIBAHNE APXUBHBIX JAHHBIX ....uuvvrreereeeieiiiirrreeeeeesesssnsnneesesssssssnnssseeeees 11
351 MHTepnpeTaums MUHYTHOIO, YaCOBOMO N CYTOUHOTO @PXMBOB ........cvvrreeraeeaaiiiriieeeeeaesaannnreneeeass 12
3.5.2 VHTEPNPETALNSA @PXMBA COOBITUM . ..cceiuvveiieiiiiieeitieeeesiieeeesstseeeessstseeesaseseeesnnseeeessnsseeesansseeessssees 13
I €= 1ok = T (=T 01 oo o PR 15
MpunoxeHune 1. PyHKUNA pacdeTa KOHTPOSTBHOMN CYMMbI LRC ........coiiiiiiii e, 17
MpunoxeHne 2. PyHkumnn npeodbpazoBaHns B ASCII M 0OBPATHO ......ccevvvvviiieeeeeeeeeeiiieee e 18
MpunoxeHne 3. Koabl OWMBOK, BO3BPALLAEMBIE NMPUBOPOM......ceeeeieeeiiiiiiieeeeeeeeeeeeaie e 19
MpunoxeHne 4. PyHKUNA pacyeTa KOHTPOMBHOM CYMMbl CrC32.......cccvvviiiiieeeeieeeeeiiiiie e 20
MpunoxeHune 5. PyHkUMKN NnpeodbpazoBaHns B BCD 1 0BPaTHO .........ccevvvviiiiieeeiieeiicee e, 21

MpunoxeHue 6. ONTUMU3ALMS aNrOPUTMa CUUTBIBAHUS @PXUBOB.........cvvveeeeeiirieeeeeeireeeeenns 22



Mutepcnoy PC OnucaHune npoTokona obmeHa

c.3

NcTopua pegaktmpoBaHus

e 26.07.2012 cosgaHa pegakuus 1.00;
e 05.05.2013 pobaeneHo MpunoxeHne 6 (peaakumna 1.01).
¢ 01.08.2013 pobaeneHo onucaHne nameHeHun ans pacxogomepa sepcum MO 3.12.



Mutepcnoy PC OnucaHune npoTokona obmeHa c4

1 BBepeHue

1.1 O6Lwue cBegeHun

Pacxogomep «[lMutep®noy PC» (manee [pubop) nossonseT nonyyaTb Tekywue u
apxvBHble NapameTpbl, a Takke npedocTaBnNAeT AOCTYN K UYTEHUIO U  U3MEHEHUIo
HaCcTpOeYHbIX NapameTpoB 4Yepe3 nocriefoBaTeribHbln UHTepdenc. Pusnyeckuin ypoBeHb
MHTepdenca BbINOSIHEH B cooTBeTCTBUM co cTaHgapTom LIN (Local Interconnect Network),
Mcnonb3yeTcs BHYTPEHHWA KOMMYHWKaLMOHHBLIN npoTokon. lMapameTpbl HacTpoek: 19200
6ut/cek., 8 BUT AaHHbIX, 1 CTONOBbINA, KOHTPOSMb YETHOCTU OTCYTCTBYET.

1.2 ApanTepbl uHTepdencon

CoegnHeHne npubopa C CUCTEMOM BEpXHEro YPOBHA OCYLLEeCTBNAeTCA 4epes
WHTEeNNeKTyarnbHble aganTtepbl, KOTOpble SBMASKOTCA  KOHBEPTOpPaMU  UHTepdencoB
PU3NYECKOrO YPOBHA M KOMMYHWKaUMOHHOro npotokosia. Co CTOPOHbI CUCTEMbI BEPXHErO
YPOBHS  OHU  UMELOT pasfiMyHble  uandeckne UHTepdencsl u  peanusauum
KOMMYHMKaLMOHHOIO NPOTOKOMa nepefavv OaHHbIX, @ CO CTOPOHbI Npubopa Bcerga MMeroT
dumsmyeckmnt nutepdenc LIN n peanmsytoT BHyTPEHHUA KOMMYHUKALMOHHbIWA MPOTOKON.

CyuiecTBylOT agantepbl crnegyowmx usnyeckmx NHTepqEencoB:

e EthernetSlpubop. lMos3BonseT nogknwounte OO0 ABYX pacxogomepoB «[utepdnoy
PC». B cetn Ethernet peanuayet cepBep KOMMYHUKaUMOHHOro npotokona «Modbus
TCP» (TCP nopt 502 — pacxogomep Ne1, nopt 503 — pacxogomep Ne2). Apgantep
NO3BOMSET OCYLEeCTBMATb HEe3aBUCUMbI OAHOBPEMEHHBIN OMPOC MOAKMYEHHbIX

npudopos.
LIN
Ethernet MopT 502 |« > I'IMTepI\?zJon PC
A7 Apantep -
K —
oMnbloTER Y\ Ethernet LIN [ — P
MopT 503 [« > P D Y
Modbus TCP N22

PucyHok 1: Agantep EthernetSTpu6op

e RS-2325Mpunbop. Mo3BonsieTr NOAKMOYMTL OOUH PACXOAOMEP K KOMMbHTEPY WIK
Moaemy. He gonyckaeTcsa MCNofnb3oBaHWE B CETU, paspeLleHO NOAKMYeHNE TOSNbKO
TUNa ToYKa-TouKa. cnonb3yeTca nocrnenoBaTesibHbI aCUHXPOHHBINM NOMYAYNEKCHbIN
nHTepgenc. MapameTpbl HacTpoek: 19200 ©ut/cek., 8 GUT OaHHbLIX, 1 CTOMOBbLIN,
KOHTPOJSIb YETHOCTU OTCYTCTBYET. CO CTOPOHbI RS-232 peann3yeT KOMMYHUKALNOHHbIN
npotokon «Modbus ACSII».

RS232 LIN

KoMnbloTep ((uummmmm)> A:g;;ezp < > HMTepl\cllgqoy PC

Modbus ASCII

PucyHok 2: Agantep RS-2325Tpnbop
1.3 YpoOBHMU NpOTOKONa oomMeHa
OTOT pas3gen coaepXuT KkpaTkue ceegeHus ua ctaHgapta «Modbus». MoapobHyto
MHGOPMAaLMIO MOXHO NOAYYUTb U3 JOKYMEHTOB, pasMeLLeHHbIX Ha cante www.modbus.org:
e Modbus Application Protocol;
e Modbus over serial line;
e MODBUS Messaging on TCP/IP Implementation Guide.



http://www.modbus.org/

Mutepcnoy PC OnucaHune npoTokona obmeHa c.5

1.3.1 Jloeu4eckul ypogeHb

JNlornyeckun ypoBeHb MNpPOTOKONa OTBeYaeT 3a crnocob goctyna K AaHHbIM. [MpoTokon
«Modbus» onpegensieT noHstue PDU (Protocol Data Unit), He3aBucnmoe oT MCnonb3yemMoro
KOMMYHWKaLMOHHOro npoTtokona. PDU cogepxuT 2 nons: kog dyHKuuu (anuHa 1 6ant) m
AaHHble (anvMHa He 6onee 252 6anT). NMNogpobHoe onncaHMe NorM4eckoro YpoBHSA NpuBeaeHO
B pa3gene PeanunsoBaHHble dyHKLUMM NPOTOKONA.

Function code Data

PDU
< >

PucyHok 3: Coctas PDU
1.3.2 KoMMyHUKauuoOHHbLIU ypOBEHbL

KOMMyHMKaUMOHHBIM  YpOBEHb MPOTOKONa OTBevYaeT 3a [JOCTaBKy nepegaBaemon
nHpopmauun mexagy osyms coemectumbiMn «Modbus». B pasnmyHbIX KOMMYHUKALMOHHBIX
npotokonax PDU gononHseTtcs nonsMm ceTteBon afpec, KOHTPOSNbHas CymMa, 3arofioBOK U
T.4., obpasya npu atom, noHsatve ADU (Application Data Unit). JononHuTensHble nons
TpebyloTca Ana agpecaumu, naeHTUdUKaumm 1 KOHTPONsa LEenoCTHOCTU AaHHbIX.

HesaBUMCMMO OT KOMMYHMKAUMOHHOrO MpoTOKosia npubop paboTaeT TONMbKO B pexume
«BegoMbIy. OTO O3Ha4yaeT, YTo NpMbop MOXET BbIMOMHUTL MOCHISIKY TOMIbKO B OTBET Ha
3anpoc cucTeMbl BEpXHero ypoBHA. Bpemsa oTtBeTa npubopa He npesbiwaeT 500 mc. B
crnyyae OTCYTCTBUA OTBeTa OT npubopa cucTeMa BEPXHEro YPOBHSA AOSMKHA BbIMNOMHUTL
NOBTOP 3anpoca.

ADU «Modbus ASCII»

B cnyyae wucnonb3oBaHWA KOMMYyHMKaUMOHHOrO npotokona «Modbus ASCIl» PDU
AOMNOSTHAETCA NONAMU CeTEBOM apec U KOHTPOSbHAas CyMma.

ADU
< >

Net. Address | Function code Data LRC

PDU
< >

PucyHok 4: ADU anga «Modbus ASClI»

CeTteBol agpec cnyxuT gns agpecaumn npubopa B cetn. KoHTponbHas cymma CryXuT
ANS1 NPOBEPKM LIENTIOCTHOCTM AaHHbIX. [lepepatouiee yCTPOUCTBO BbIMUCASIET KOHTPOSIbHYHO
CYMMY Haz BCEMM MOMSAMW MOCHINKK, N 3aTeM pe3ynbTaTt BbluMCreHus AobaBnsaeT B KOHeL
nocbinikn. MNMpuHUMatoLee yCTPOMCTBO, MOMYYMB BCH MOCHISKY, BbIMUCASIET KOHTPOJSIbHYHO
CyMMYy Kagpa Onsi Bcex 06amtoB cOOOLIEeHUs, uckmnoyas 6anTbl KOHTPONbHOW CyMMmbl. B
cnyyae ecnu MpUHATaAs W BblYUCIIEHHAs! KOHTPOSIbHblIE CYMMbl pPaBHbl, MNPUHUMAETCS
pelweHne O [OOCTOBEPHOCTU MPUHATOrO kKagpa. B npoTuBHOM cnyyae kagp cuuTaetcd
HeJOCTOBEPHbIM. Ecnv npmnbop nonyvaet HeOOCTOBEPHbLIA Kaap, OH €ro UrHopupyeT U He
nocbinaeT Kaknx-nmbo oTBETHbIX COOOLLEHMI. DTO O3HAYaeT, YTO CUCTEMA BEPXHErO YPOBHSA
He Nony4nT OTBETa B TEYEHWE OXMOAEMOro BPEMEHW M OOSMKHa caenatb NMOBTOp 3anpoca.
Ecnu xe cakT nony4eHnss He4OCTOBEPHOM NOCHISTKU OBHaPY>XEH CUCTEMOMN BEPXHENO YPOBHS,
TO OHa JOSKHa BbINOMIHUTL MOBTOP 3anpoca.

Mpn nepegayve ucxogHble ABOMYHbIE OaHHble KOAMPYOTCA. Hayano u koHew coobLieHus
NoMeyYeHbl cneuumanbHbIMU Mapkepamu. Hadanom coobuieHust Bcerga SABNAETCs CUMBOI
asoetoums «:» (Ox3A B LWeCTHaaUaTepuyHOM npeacTtasneHmmn). KoHuom cooblleHuns scerga
ABNSAETCA Nnapa CMMBONOB «B0o3BpaT KapeTku» (CR) n «nepesog ctpokm» (LF) (OxOD n Ox0A
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COOTBETCTBEHHO B LWIEeCTHaguaTepuMyHoM npeactaesnennn). Kaxgbin ©6ant  OBOWYHOIO
ncxogHoro coobuleHns nepefaeTcsa B Buae napbl cumBonoB. Hanpumep, 3HaveHne 27 (0x1B
B LWWeCTHaguaTepu4yHOM npencrasneHmm) byageT npeacrtaBneHo kak napa cumsonos ‘17 (0x31
- CUMBOJSIbHOE nMpeacTaBneHne cTapwmnx 4-x ©0uToB) M ‘B> (0x42 - cumBOsbHOE
npeactasneHne wmnagwux 4-x 6utos). [JonyctMmble CUMBONbI ANA nepegayn - 370
WwecTHaguaTtepuyHble cumsorbl 0-9, A-F. B kadecTBe (pyHKLMN pacdeTa KOHTPOSTIbHOMN CyMMbI
ncnonesyetca Longitudinal Redundancy Checking (LRC). lNMpumep dyHkumn pacyeTta LRC
npvBedeH B [lpunoxeHun 1, a onucaHue reHepauum KOHTPOSIbHOM CYyMMbl MOXET ObliTb
HangeHo B JOKYMeHTaumm Ha carmte www.modbus.org. MNMpumepbl hyHKUUM NepekoanupoBKu
13 asounydHoro npencrasnednsa B ASCIl n ns ASCIl B oBonyHOe npeacTaBneHve npuseaeHsl B
Mpunoxenun 2. Hag gBoudHbIM cogepxuMbiM Bydhepa nepefaunm cHavana BbINOSHAETCH
pacyeT KOHTPONbHOW CyMMbl. 3aTeM [ABOWYHblE [aHHble BMeCTe C MOSIEM KOHTPOSIbHOM
CyMMbl nopsepratotca npeobpasoBaHuio B ASCIl n 3ateM peaynbtaT [LOMOSHAETCSA
CYMBOJSIaMU Havara v KoHua Kagpa.

ADU «Modbus TCP»

B cnyyae wucnonb3oBaHus KOMMYHWKauuMoHHoOro npotokona «Modbus TCP» PDU
pononHsetca 3aronoskom MBAP (MODBUS Application Protocol), cnyxawwumm ans
naeHTuduKauunu.

ADU
< >

MBAP Header| Function code Data

PDU
< >

PucyHok 5: ADU anga «Modbus TCP»
MBAP cogepxuTt cnegytoLime nosnsi:

e WpaeHTndpukatop 3anpoca (gnvHa 2 6anta). 3anonHAeTCs CUCTEMON BEPXHErO YPOBHS.
KonupyeTtcsa npubopom 13 3anpoca npu BbINONHEHNN OTBETA;

e WpaeHTndpukatop npoTtokona (gnvHa 2 6anta). JJormkeH ObiTb paseH 0;
e [InuHa coobuieHuns B BanTax (anvHa 2 6anta). [JormkHa ObiTb paBHa gnnHe PDU + 1;

e CeteBon agpec npubopa (anuHa 1 6anT). 3anNonNHAETCS CUCTEMON BEPXHErO YPOBHS.

Mpwn BbINONHEHNN OTBETa NPUBOPOM 3aNONHAETCA B COOTBETCTBUMN C €r0 HACTPONKON.
[Byx6anTHble Monsa 3arofioBka MepefarnTcs B MNopsgke CcHayana crapluiin, 3aTtem
Mnagwum 6anT.



http://www.modbus.org/
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2 PeannsoBaHHble (pyHKLMU NpPOTOKONA

2.1 ®yHkuua Modbus 03 (0x03 hex) (Read Holding Registers) n 04 (0x04 hex) (Read
Input Registers)
®yHKUMKN NpeaHasHayeHbl ANs YTEHUS ABOMYHOIO COAEPXXMMOro LecTHaauaTupaspagHbIX
pernctpoB npudopa. Otnmune yHkumm 0x04 ot 0x03 B TOM, YTO OHA NPUMEHSIETCA TOSbKO
ANA YTeHUs napaMeTpoB, HEAOCTYNHbIX ANnda 3anucu. B obuwem Buae cTpykTypa 3anpoca u
OoTBEeTa MMeeT crnenyoLwmn sna;

PDU 3anpoca:

DVHKLMS HayanbHbIN HavyanbHbIn KonnyecTtBo KonnyecTtBo
Ox())/B /(I)-lxo 4 agpec agpec perucTpoB perncTpos
(ctapwwun 6anT) |(Mnagwun 6anTt)| (ctapwun 6anTt) | (MNagwnn 6an)

lMone Data PDU cogepxut nona «HavanbHbI agpec», ykasbiBaloLWMi C KaKoro permcrpa
HayMHaTb YTeHune, n «KonnyecTeo perncTpoBy, yKasbiBaloLlee, CKONIbKO PerncTpoB crneayet
npoyunTaTb.

PDU oTBeTa B crny4ae BbINONHEHUA 63 owmnboK:

KonunyectBo o N o
PyHKUMA 6aiiT AaHHBIX B 1-bI perncTp 1-b1 pernctp | Bantbl pernctpos
0x03/0x04 oTBETE (cTapwwun 6anT) |(Mnaawmn 6anT) 2,3...N

B cnyyae ycnewHoro BbINOSIHEHUSI B OTBETE MPUCYTCTBYET COAEPXMMOE 3arpoLleHHbIX
pernctpoB. [lone «KonuyectBo 6anT AaHHbIX B OTBeTe» OydeT paBHO KONMUYECTBY
3anpoLUEHHbIX PerncTpoB, YMHOXeHHOMY Ha fBa. [lpoyuMTaHHOe coaepXmmoe pernctpos
HaunHaeTcs ¢ 6anTa, cneayowero 3a nonem «Konmyectso 6anT JaHHbLIX B OTBETEY.

PDU oTtBeTa npn BOZHUKHOBEHNWN OLUNGOKMN:

®yHKkuma 0x83/0x84
(ycTaHOBREH cTapLwunm oumT)

Kopa owinbkmn

[Ana nHdopMMpoBaHNS BeAyLEro O TOM, YTO onepauus He BbINOSIHEHA UK BbINOSHEHA C
owmnbkon, npubop ycTaHaBnuBaeT cTapwumin 6ut nons «®PyHkums» B oTBeTe. bant,
cnegyowmn 3a nonem «dyHKUmMA», ByaeT cogepxaTb KoL OWnbKN (3Ha4YeHUa KoAoB OLNBOK
npvBeaeHsbl B MNMpunoxexHun 3).

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

®OyHKUMS  npeAHasHavyeHa AN 3anMcU ABOMYHOTMO  COOEPXXMMOro  OAHOrO
LLecTHaauaTnpaspsaaHoro pernctpa npubopa.

PDU 3anpoca:

DyHKUMA Agpec Agpec 3HayeHne 3HayeHne
0x06 (ctapwwuin 6anT) |(Mnagwwu 6anT)| (cTapwwmi 6anT) |(Mnagwun 6ant)

Mone Data PDU 3anpoca cogepxuT nons «Agpec», ykasbiBalOWMA B KakOW PErncrp
BbINOJIHAETCA 3anncb, U 3HAa4YEeHNe 3anMcbiBaeMoro permcrpa.

PDU oTBeTa B crydae BbINOHEHUS 6e3 OLWMBOK:

OyHKUNS Anpec Anpec 3HayeHune 3HayeHne
0x06 (cTapwwun 6anT) |(Mnagwwui 6anT)| (cTapwmi 6anT) [((Mnagwun 6anT)

B cnyyae ycnewHoro BbinonHeHnss PDU oTBeTa cogepXuT Konuio nepsbix Nty 6ant PDU
3anpoca.

PDU oTBeTa npn BOSHUKHOBEHUMN OLLUNOKMU:

®PyHKuna 0x86 (ycTtaHOBMEH

cTapLumn 6uT) Koa owmbkm
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[Ana nHdopmMMpoBaHNs BeAyLEro O TOM, YTO onepauus He BbINOSTHEHA MW BbINOMHEHA C
owmnbkon, npubop ycTaHaBnuBaeT cTapwumin 6ut nonsa «®PyHkums» B oTeBeTe. bant,
crnegywowmnn 3a nonem «dPyHkuna», bygeT cogepxaTb Ko OWNMOKM (3HAYEeHNS KOAOB OLUMBOK
npuBeaeHsbl B MNpunoxexum 3).

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

®yHKUMSA NpefHa3HaveHa Anst 3annucu ABOMYHOINO COAEPXKUMOrO LecTHaaLuaTupaspsaaHbiX
pernctpos npmbopa.

PDU 3anpoca:

Hau-bin | Hauy-bin | Kon-so | Kon-Bo Kor-Bo 1-biA 1-biA
DyHKUNA agpec agpec per-os per-os | oo ans perucTp | pernctp |banTtbl per-
0x10 (cTapwwin | (Mnagwwm |(cTapwwui| (Mnagwm 3anvcH (cTtapwwin| (Mnagww | oB 2,3...N
6anT) n 6anT) GanT) n 6anr) GanT) n 6anT)

Mone Data PDU 3anpoca cogepxut nons «HavanbHbIn agpec», ykasbiBaloWMM C Kakoro
permctpa HayvMHaTtb 3anucb, «KonumyecTtBO pPerucTpoBy, yKasblBalollee, CKOMbKO pPerncTpoB
cnegyet 3anucatb, «KonuyectBo 6GanTt gns 3anMcu» M HEMOCPEACTBEHHO 3HAYeHUus
3anncbiBaeMbIX PErMCcTPOB.

PDU oTBeTa B cry4ae BbINONHEHUs 6e3 owmnboK:

Kon-Bo per-os
(cTapwwun 6anT)

Kon-Bo per-os
(Mnagwwnin 6anT)

Hauy-bI1 agpec
(Mnagwwu 6anT)

DyHKUMA
0x10

Hauy-bIh agpec
(cTapwwun 6anT)

B cnyyae ycnewHoro BbinonHeHns PDU oTBeTa cogepXXmut Konuio nepsbix Natn 6ant PDU
3anpoca.

PDU oTBeT npu BO3HUKHOBEHMW OLUNOKMU:

®yHkumna 0x90 (ycTtaHOBNEH

cTapLummn 6uT) Koa owmnbkm

[Ansa nHdopMMpoBaHUs BeAyLEro 0 TOM, YTO onepaumsi He BbIMOMHEHA UMK BbINOSIHEHA C
owmnbkon, npubop ycrtaHaBnuBaeT cTapwumin 6ut nons «®PyHkumMs» B oTBeTe. bant,
cnegyowmn 3a nonem «dyHKUMA», ByaeT cogepXaTb Kog OWNBKN (3HAaYEeHUA KO4OB OLNBOK
npvBeaeHsb! B MNMpunoxerHun 3).

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

PyHKUMA NpegHasHaveHa ans vteHus permctpoB darvna. dann opraHM3oBaH kak Habop
3anucen ¢ Homepamm oT 0000 o 9999. OYHKLMS MOXKET YNTaTb HECKOSBbKO PasfnUYHbIX rpynn

pernctpoB. pynnbl MOryT ObiTb HenocrnegoBaTeNbHbIMW, HO PEMUCTPbl BHYTPW Tpynnbi
[OSKHBI ObITb NOCNefoBaTENbHBLIMU.

PDU 3anpoca:

Fpynna pynna | Mpynna | Fpynna | Mpynna | Fpynna | Mpynna Mpynna r[;()ﬂr"a F%_Ta

DyHKLUs OnuHa X v X, Homep X, Homep X, Homep | X, HoMmep | X, anuHa | X, AnuHa X+1, 7an | Homep HOMep
Oxl4 | 3@npoca (Béerqa davina | dhanvna | 3anucu | 3anmcu | 3amucK | 3anucu (Bcérna tbaiina | cpaiina
(7+490) 5 (cTapw. | (vnapw. | (ctapw. | (mMnagw. | (ctapw. | (MnagLw. 6)| (crapw. | (Mnagw

pageH 6) GanT) 6anT) 6anT) 6anT) GanT) GanT) paBeH 6a|?1pT). 6al71FTl) ’

Mone Data PDU 3anpoca cooepxur:

e [lone «anuvHa 3anpoca»= 7 * N, rae N — konuyecTBO rpynn 3anpallimBaembIX
PEerncTpos;

e OnucaHue rpynn 3anpawimBaemMbiX PEMMCTPOB, KaXXA0€e N3 KOTOPbIX MMEET Nons:
Tun. Bcerga paBeH 6;

o Howmep danna;
o Howmep 3anucu BHyTpY (hanna;
o [HOnuHa 3anucu. OnpegensieT KONMUYECTBO 3anpallvMBaeMblX pPerncTpos

rpynnbl.
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PDU oTBeTa B cnyyae BbinonHeHns 6e3 owmnbok:

pynna | F'pynna | Mpynna | Mpynna Ipynna | F'pynna | F'pynna | Mpynna

pynna | Mpynna X, X, X, X, pynna | Mpynna X+1, X+1, X+1, X+1,

PyHkuma| OnuHa X, X, TUN | perncTp | peructp | perucTp | peructp X+1, |X+1, T”n| perucTp | peructp | perucTp | peructp
0x14 oTBeTa | aonuHa | (Bcerga 1 1 2 2 anvHa | (Bcerga 1 1 2 2

(6aiT) |paBeH 6)| (cTapw. |(Mnagw. | (ctapw. |(Mnagw. (6anT) |paBeH 6)| (ctapw. |(Mnagw. | (ctapw. |(MnaaLw.

GawiT) 6anT) 6anT) GawiT) 6anT) 6anT) 6awT) 6awT)

Mone Data PDU 3anpoca coaepxuT:
e [lone «gnuHa otBeTa»=((pynna X, gnuHa) + 2)+((Mpynna X+1, anuHa)+2)+...;
e [pynnbl perncTpoB, Kaxaasa nu3 KOTOpbIX UMEET:
o [HOnwuHa rpynnel (6anT);
o Twvn. Bcerga paBeH 6;
o Pernctpbl gaHHbIX.
PDU oTBeT npu BO3HUKHOBEHUN OLLNOKN:

®PyHkumna 0x94 (ycTtaHOBMEH

cTapLmmn 6ur) Koa owmnbkm

Ana nHdopmMmpoBaHUS BedyLero 0 TOM, YTO onepaums He BbIMOSTHEHA UK BbINOSHEHA C
owmnbkon, npmbop ycTaHaBnMBaeT cTapwumn 6uT nona «®PyHkuma» B oTBeTe. banT,
cnegyowmn 3a nonem «dyHKUMA», ByaeT cogepxaTb KoL OWNOKN (3HAYEHUA KO4OB OLINBOK
npuBegeHbl B MNpunoxeHun 3).



Mutepcnoy PC OnucaHune npoTokona obmeHa c.10

3 OpraHusauus gocTtyna K AaHHbIM

3.1 MCHOﬂb3yEMbIe TUNbl AAHHbLIX U YCJIOBHbIE 0603Ha4YeHus

unsigned char —6e33HakoBoe Lenoe ymcro (8 our);

signed char —3HakoBoe uenoe 4mcno (8 6ur);

unsigned short —6e33HakoBoe Lernoe 4ncro (16 6uT);

signed short —3HakoBoe uenoe 4ncno (16 6ur);

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

signed long —3HakoBoe Lenoe vncro (32 éurta);

unsigned __int64 —6e33HakoBoe Lienoe 4ncno (64 6uta);

e signed __ int64 —3HakoBoOe Lenoe ymcro (64 6uta);

o float — BelLeCcTBEHHOE YMCNO OAMHAPHOM TOYHOCTU (32 BGuTa) C NnaBaloLlen 3ansTou,
cooTBeTCcTBYloLWee cTaHaapTy «|EEE 754»;

e double — BelLlecTBEHHOE YMCNO OBONHOM TOYHOCTU (32 GuTa) C NnaBaroLen 3ansaToun,

cooTBeTcTBYOWEee cTaHaapTy «IEEE 754y,

R/O — gocTyn ToNbKO Ha YTEHUE;

R/W — pgocTyn Ha YTeHue u 3annck (6e3ycnoBHbIN);

PAS - gocTyn Ha YTeHue, OOCTYN Ha 3anucb NMpu NpegbaBieHnn napons;

KEY - goCTyn Ha YTeHue, AOCTYN Ha 3anucb Npu HanM4nm anekTPOHHOro Kroya;

JUM - pocTyn Ha 4TeHue, OO0CTyn Ha 3anucb Npu YCTAHOBMIEHHOW MepeMblyke

«3awmTar;

e KEY+JUM - gocTtyn Ha 4YTeHue, OOCTYN Ha 3anucb Npu HanuM4ynm anekKTpoHHOro Kro4va n

Npwv YCTaHOBMNEHHOM NepemMblvke «3amuTa;

3.2 PerMCTPOBbIﬁ AO0CTYN N XapakKTepuCcTtukm napameTpoB

J[locTyn K TeKyWUM M HacTpoeYHbiM napameTpam npubopa peanusoBaH Yepes yHKLUN
YTEHUss U 3anncu pPerncTpoB — MEpPeMEeHHbIX, MMEeKLMX TUM LecTHaauaTupaspsaHoe
6e33HakoBoe Lenoe. Mpy opraHM3aumMmM permcTpoBoOro AocTyna AenaeTcs OonylleHue, YTo
BCE MHOroobpasHble CTPYKTYpbl AaHHbIX pacnonaralTcs B NaMsTu, SNeMeHTapHON S4eKom
KOTOPON SIBMSIETCS OOWH LUeCTHaguaTupaspsaHbii pernctp Tuna «Ge33HakoBoe Lenoey.
®n3nYeckn AaHHble MOTYT HaXOA4MTbCS B COBEPLUEHHO pasHbiX y4acTkax namsitu npubopa u
[Aaxe B pasHblX TMnax namstu (onepaTuBHasi, 3HeproHesaBncuMas U T.4.), HO ANsl CUCTEMbI
BEPXHErO YPOBHS JaHHbIE «BbIMMAASAT» Kak eanHOe agpecHoe NpocTpaHCTBo. B aTom cnyyae
BCe [OCTYMHble [JaHHble MOXHO MpPeAcTaBUTb Kak MaccuB LLecTHaguaTupaspsaHbiX
PErMcTpoB, KaXkabli M3 KOTOPbIX XapakTepudyeTcsi HOMEepPOM B MaccuBe (Janee agpecom).
Kaxabihi napameTp npubopa MOXeT 3aHMMaTb YacTb PerucTpa, BECb PErMCTP LIENIMKOM MIK
HEeCKONbKO pernctpoB. Takum obpasom, napaMeTp xapakTepusyeTcss COGCTBEHHbIM TUMOM U
pacrnonoXeHMem BHyTpM MaccuBa PerMcTposB.

[JocTyn K apxuBaM OpraHM3oBaH 4epe3 cTaHOapTHble (QYHKUUKM 4TeHus annos,
npegycMoTpeHHble NpoTokonomMm «Modbusy.

3.3 Topapnok xpaHeHUs U nepegayn 6anT AaHHbIX

[ns yTeHna n 3anucu perncTposB B ctaHgapTe «Modbus» npegycMoTpeHbl crieunanbHble
YHKUMKN, KOTOpble ONepupyrT COAEPXKMMbIM LUEeCTHaAuaTUpaspsaHbiX PernctpoB. IOTu
YHKUMKW npeanonaratoT, YTo Npubop XpaHUT AaHHble TOMbKO TUNa WecTHaguaTmpaspsagHoe
Ge33HaKoBOE LIeNoe M HUYEro He «3HaKT» O TeX TUMax AaHHbIX, KOTOPbIMU AEACTBUTENbHO
npeacraBneHbl napameTpbl npubopa. Takum obpasom, nony4vaeTtcs, YTO B Npubope AaHHbIe
XpaHATCS B HEKOeEM ucxogHOM dopmaTte, a nepepakwTcs nNo cetm B Buage Habopa
WwecTHaguaTnpaspsaHblx peructpoB. [lpu nepegaye gaHHbIX, Yen pasMep B MCXOLHOM
dopmaTe npesblwaer 16 6ut (long, float, double n T.4.), MCNONBL3YKTCA HECKOMBKO
nocrnegoBaTesibHbIX PerMcTpoB. [pn 9ToM Mnaglive crnoBa NnepeaarnTcs B NEPBYHO oyvepenb,
cTapwue - B nocnefHwow. T.0., Ang npeobpasoBaHus K nopsaaky 6ant, eCTeCTBeHHOMY ANs
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nnatdopmbl  PC, TpebyeTrca ang Ka)kooro npovYMTaHHOro/3anucbiBAEMOro  perucrpa
M3MEHUTb NOPAOOK OanT.

Mpumep pasmelleHna gaHHbix ans tina long (MSB-most significant byte, LSB-least

significant byte):
B3 B2 Bl BO
MSB LSB
Pernctp Pernctp AO Pernctp Al
Mopsgok nepegayn nepBbIn nocneaHnn
Bant Bl BO(LSB) B3 B2(MSB)
Mpumep pasmelieHns gaHHbix gnga tuna float:
B3 B2 Bl BO
SEEEEEEE EMMMMMMM MMMMMMMM MMMMMMMM
Peructp Pernctp AO Pernctp Al
lMopsagok nepegayn nepBbIn nocnegHun
Bant Bl BO(LSB) B3 B2(MSB)

Mpumep pasmelieHns gaHHbix onga tuna double:

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

[Mopsagok nepegayvn |nepBbiv nocriegHnn
bant B1 |BO(LSB)| B3 B2 B5 B4 |B7(MSB) B6

3.4 YTeHue/3annUCb TEKYLUUX U HACTPOEUYHbIX NapamMeTpPoB

UTeHune/3anncb TeKywmMxX W HaCTPOEYHbIX MapaMeTpoB MPOU3BOAMTCSA NPWU  MOMOLLM
dyHKUMIA YTeHus/3anncu pernctpoB (pyHkummn vteHmns 0x03, 0x04, cdyHkummn 3anucm 0x06,
0x10). NapameTpbl, AOCTYNHblE TOMBbKO Ha YTeHMe, MOryT OblTb MNPOYMUTaHbl TOSBKO
dyHKkumen 0x04. MNapameTpbl, OOCTYMHbIE KaK Ha 4YTeHMe, Tak U Ha 3anncb, MOryt ObiTb
npoynTaHbl 06ermn PyHKLMSMM MO O4MHAKOBbIM agpecam. PacnpeaeneHne nepeMeHHbIX B
aZipeCHOM NPOCTpaHCTBE OnucaHo B pa3gene Kapta nepeMeHHbIX.

3.5 OpraHusauyms apXMBOB U CYNTbIBaHME apXUBHbIX AAHHbIX

Mpnbop coaepXXmnT apxmsbl CAeayLWmMX TUNOB:
e CoOblTus;
e MuHYTHbIN apxuB;
e YacoBou apxus;
e CyTOYHbLIV apXuB;
ApXMBblI MMEIOT KOSbLEBYI CTPYKTYpPY, T.e. MPWU MOSIHOM 3anoSfIHEHWN apxuBa HOBbIE
3anmcuy NULYTCA Ha MEeCTO CaMblX CTapblX.

ApxuBbl XpaHATca B npubope B Buae dannos. Kaxabin hann cogepxuTt LeCcKpunTop
danna (B NnepBon 3anucu), a Takke 3anucu, npencraBnsalwme ogHO CoObiTME UM OOWH
«BPEMEHHOM cpe3» AaHHbIX. [N 4TeHus cooepXUMOro apxmBOB UCMONb3yeTcs PYHKUUSA
yTeHus dpannos (pyHkuma 0x14).

Kaxgbin danvn B nepson 3anucu (Homep 0) xpaHuT geckpuntop danna. OctanbHble
3anucu npeacTasnsaloT AaHHble havna. [eckpunTtop danna coaepXxur.

e [InuHa nepBou 3anucu (onvHa geckpuntopa, 2 6anta);
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Tun nepson 3anucu (Tvn geckpunTtopa, 2 6anTa, Bceraa paseH 1);

[AnunHa cpanna B konmyecTse 3anucen (6e3 yyeTta nepBon 3anucu, 2 6anTa);
[AnuHa kaxxgon 3anucu (kpome nepeon 3anucu, 2 6anTta);

Tun cogepxmmoro danna (2 6anta). MoxeT npuHMMaTb 3HaYeHna: 4 — cbann

cobbiTun, 3 unu 5 — dpann namepuTenbHOro apxmea (MUHYTHLIN, YaCOBOW UNN
CYTOYHbIN).

AnropuTtm goctyna K dpannam:

1. YrteHwne 3anucu c Homepom 0 3 panna c Homepom 1 (nonyyeHne geckpuntopa
danna). Ecnn npnbop BepHyn owmnbKy ¢ KOAOM 2, 3HaA4nT, dhannoB GonbLue
HeT;

2. AHanus geckpunTtopa Ha npeamMeT OfMHbI OCHOBHbIX 3anucen u AnnHel hanna;

3. UTeHwue ocTaBLLMXCA 3anucen anna u nx uHTepnpeTauns;

4. lNoBTOpeHune nyHKTOB 1-3 AN cnegyrouwero anna.

Kaxxgasa apxmBHas 3anuck, He3aBMCUMO OT TUNa hanna, MMeeT CneayoLyro CTPYKTYpPY:

e Homep 3anucn. CyeTunk, KOTOPbIN yBENMYMBAETCH Ha eauHULY Npy opMnpoBaHNN
HOBOM 3anucu BHYTpW gaHHoro channa. Mimeet Tun unsigned __ int64;

e MaccuB 13 52 6anT. B Hem pasmelLaeTcs CTPyKTypa AaHHbIX apXMBHOW 3anucu (CMm.
WHTepnpeTaums apxmseoB);

e KoHTpornbHasa cymma 3anucu. Mimeet tun unsigned long n paccunTbiBaeTcs no
anroputmy Crc32 (MpoBepka uenocTHOCTU AaHHbIX AOSMKHA BbIMOMHATLCA Ha4 BCEM
6r10KkoM AaHHbIX ANnHON 64 6anTa BKIoYas KOHTPOSTbHYI0 CyMMY. DYHKUUA NPOBEPKN
KOHTPOJSIbHOW CyMMbI B [MpunoxeHunn 4).

AnropuT™M ONTMMU3NPOBAHHOIO CYMTbIBAHUS apxuBa npueeaeH B MpunoxeHun 6.

3.5.1 Uumepnpemayusi MUHYMHO20, 4aCOB020 U CYMOYHO20 apxusoe
MwuHyTHBIM apx1B BeaeTcsa Bcerga. YacoBown M CyTOYHbIN apXuBbl BE4YTCSA:

ana npubopo ¢ Bepcmen MO 3.07 TONbKO MNpU HanNMuMm YacoB pearnbHOro
BpPEMEHMU;
Aans npnbopos ¢ Bepcuen MO 3.12 - Bceraga.

Hannune 4acoB peanbHOro BpeMEHM MOXHO OnpedenuTb MO 3HAYEeHU0 NepemMeHHOM
«Peructp coctosiHusa npubopa» (cMm. Kapta nepeMeHHbIX).

MuWHYTHBIN apXxmMB XpaHUTCA B hanrie Homep 6, YyacoBou B dpanne Homep 7, CYyTOYHbIVN B
danne Homep 8.

Heobxoaumo npounTtaTb BCe 3anucu danna, BbICTPOUTb UX NO MNPU3HaKy HapacTaHus
3HayeHus nonst «Homep 3anucuM» M MHTEPNPETUpPOBaTb TE 3anucu, y KOTOPbIX CXOOMTCA
KOHTpOJSIbHasa cymma.

ApXMBHas 3anucb CO4EPXKUT crneytoLimne nons:

WHTerpanbHoe BpeMsa HapaboTku Ha MOMeHT 3anucu (MMHYT). Tun unsigned long;
[Moka3aHna YacoB peanbHOro BpEMEHU Ha MOMEHT apxmBmnpoBaHus. Ecnu nnarta He
MMeeT YacoB pearnbHOro BPEMEHW, TO aHanu3npoBaTb AaHHOE Mofe He creayer.
3HayeHne npenctaBneHo B Buae maccmBa unsigned char M3 6-TM 3neMEHTOB.
Kaxgbin 6ant cogepxut yucno B ¢opmate BCD (pyHKumm npeobpasoBaHus
npeactaeneHbl B [NMpunoxeHun 5). MNopsgok cnegoBaHus: CeKyHaa, MUHYTA, vac,
AEHb, MecsL, rog;

WHTerpanbHoe 3HadyeHune V+ (m3). Tun double;

WHTerpanbHoe 3HayeHune V- (M3). Tun double;

MrHoBEeHHOE 3Ha4YeHne pacxoda Ha MOMEHT apxmBupoBaHus (M3/4). Tun float;
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Koagbl owwnbok. Tun unsigned long. Kogbl ownboK M HaMmMeHoBaHWA OLUIMOOK
onucaHbl B pyKOBOACTBE MO 3Kcnsnyatauum Ha npubop. Mnaawwme 12 6ut (6utol 0-
11) XpaHAT onucaHne camMon Cepbe3HOWM OLMOKM 3a MHTepBan apXvMBUPOBAHUSI.
Mpn aToM BUTbl 0-7 XpaHAT 3Ha4YeHne owmnbkn, 6utel 8-11 — paclumpeHme oLnBKuN.
HeHyneBoe 3HaveHue B Butax 0-7 o3HayaeT Hannuyme owmnbkn. B cnyyae Hanuumns
owunbkn cnefyet npoaHanuM3anpoBaTtb paclumpeHne owmnbkn (outbl 8-11). Kop
owmnbkn gomkeH ObiTb NpeactaBneH B Buae «X.Y», roe X - 3Ha4YeHue owmnbkn B
lWecTHaguaTepuyHoM  npegcrasneHm, Y - paclwuvpeHve  ownbkn B
LecTHaguaTepn4yHoM npeacTtaeneHnn. Ecnun pacwmpenne owmnbkm pasHo 0, TO koA
owKnbKM npeacTaBnsieTca TONbKO 3HadeHnem owunbkn B Buae «X». Crapwme 2
Ganta (6utbl 16-31) XpaHAT NpuU3HakM Hanuuus owmbOK M hnarm COCTOSHUN
npubopa. YCTaHOBMEHHbIA BUT O3HA4YaeT HanuMyuue OWMBKM UnmM yCTaHOBMEHHOIO
donara. BoaMOXHbl coveTaHUSA criegyoLwmx 3Ha4YeHUI:

o (0x00000001 << 30) — gormkeH oTobpaxaTbcsa Kak « RTCy;
(0x00000001 << 29) — gomkeH oTobpaxaTbes kak «MGy;
(Ox00000001 << 28) — gomkeH oTobpaxaTtbes kak «Wy;
(0x00000001 << 27) — pomkeH oTobpaxaTtbes Kak «IN»;
(0x00000001 << 26) — pomkeH oTobpaxaTtbes kak «IC»;
(0x00000001 << 25) — gomkeH oTobpaxaTbCs Kak « MX»;
(0x00000001 << 24) — gomkeH oTobpaxaTtbes kak «OF»;
(0x00000001 << 20) — pomkeH oTobpaxaTtbes kak «GRy;
(0x00000001 << 19) — gomkeH oTobpaxaTtbes kak « WCy;
(Ox00000001 << 18) — gomkeH oTobpaxaTbes kak «FRy;
(0x00000001 << 17) — pomkeH oTobpaxkaTbes kak «RRy;

o (0x00000001 << 16) — pormkeH oTobpaxaTbca Kak «Ky.
WHTerpanbHoe Bpemsi HapaboTku npu owmnbkax Ha MOMEHT 3anucu (MUHYT). Tun
unsigned long;
MwuHuManbHoOe 3HadYeHne pacxoda 3a nHTepan apxmsmpoBaHna (M3/4). Tun float;

O O O O O O O O 0 O

MakcumarnbHoe 3Ha4YeHne pacxoda 3a UHTepsan apxmenpoBanHusa (M3/4). Tun float;
3.5.2 Unmepnpemauus apxuea cobbimuti

ApxuB coObITUI MOXeT cofepXaTb bonee ogHoro danna. NMoatomy crnegyeT npoynTaTb
BCE 3anMcu Bcex (pannoB apxmBa CcoObITMWA. 3aTtemM 3anucu, y KOTOPbIX CXO4UTCA
KOHTPOJSIbHasi Cymma OTCOPTUPOBATb MO BPEMEHUN N 3aTEM UHTEPNPETUPOBATD.

ApXMBHas 3anucb CO4ePXUT crneyroLine nons:

Tun cobbitnsa. Tun unsigned char. Onpegensetr Tun npowusoweawero cobbiTus.
MoxeT npyHMMaTh cnegyroLwmne 3HavyeHus:

o 0x00 - HeT cobbiTus;
0x02 — 3meHeHne napameTpa;
0x03 — Bkn. nutaHus;
0x04 — NMepesanyck;
0x10 - Owwnbka cTeka;
0x11 — Owwmnbka namepeHus;
0x12 — Owwnbka Yacos;

o 0x13 —lNepBbI 3anyck,;
WHTerpanbHoe Bpemsa HapaboTkn Ha MOMeHT 3anucy (MMHyT). Tun unsigned long;
BHewHAa BpemeHHaa meTka. Tun signed long. lNpeacraBnaeT KONUMYECTBO CEKyHA,
npoweawee ot 01.01.1970 00:00:00;
lMokasaHusa YacoB pearnbHOro BPEMEHN HAa MOMEHT apxuBMpoBaHus. Ecnn nnarta He
MMeeT YacoB pearnbHOro BpeMeHW, TO aHanu3npoBaTb AaHHOE Mofe He crieayer.
3HayeHne npegctasrieHo B Buae maccuBa unsigned char U3 6-TM 3reMeHTOB.
Kaxgbin G6ant copgepxut yucno B cdopmate BCD (pyHKumm npeobpasoBaHus

O O O O O O
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npegcraeneHsl B MNMpunoxeHnn 5). MNMopagok cnefgoBaHus: cekyHOa, MUHYTa, 4ac,
AeHb, MecsU, roa,

e Twun 3Ha4veHus. Tun unsigned char. OnpegensieT TMN AaHHbIX 3HAYEHUN, XPaHUMbIX
B nonsax «Crtapoe 3HayeHMe» u «HoBoe 3HayeHue». MoXeT npuHMMaTb
cnegyowmne 3Ha4YeHns:

o 0 — HeT 3HayeHus;

8 — unsigned __int64;

9 — signed __int64;

10 — double;

17 — paTa/Bpems. Maccu 13 6-tm 6ant B popmaTte BCD (cekyHaa, MuHyTa,

yac, AeHb, Mecs, rog).

e Tun nepemeHHon Ans cobbitna «M3ameHeHue napameTtpa». Tun unsigned short.
CogepxuT 3HayeHWe HavanbHoOro apgpeca peructpa «Modbus» W3MeHeHHOro
napameTtpa:

e Crapoe 3Ha4vyeHne. MaccuB 13 8-mu 6ant. CooepXnt 3Ha4eHne B COOTBETCTBUM C
TUMNOM, YKa3aHHbIM B none «Tun 3HadYeHns»;

e HoBoe 3HayeHne. MaccuB n3 8-mmn 6ant. CoaepXxut 3HayeHMe B COOTBETCTBUU C
TWUMNOM, YKa3aHHbIM B none «Tun 3Ha4YeHns»;

e VigeHTudpukatop kntova goctyna. Maccms Tuna unsigned char u3 4-x anemeHToB;

e Kogbl owmnbok. Tun unsigned long. HTepnpeTtauus aHanornyHa uHTepnpeTaumm
OAHOMMEHHOrO NMorsi B MUHYTHOM apXMBE;

e Homep cobbitna. Tun unsigned long. C4yeTuMK, KOTOpPbLIA YBENUYMBAETCS Ha
eanHuuy npu opMMpoBaHMM HOBOW 3anucu (CKBO3HaAs Hymepauusi coObITUN,
obLwas ansa scex hannos apxusa cobbiTui).

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

©)

@)

©)

@)
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4 KapTa nepeMeHHbIX

Pasmep

HasBaHue ec - Tun ocTyn MpumeyaH
ABPEC| " 6ai) focty P ne
Twun npnbopa 0 2 unsigned short | R/O |0x1701
. cTtapwwuin 6anT Bepcus,
Bepcua nporpammel 1 2 unsigned short | R/O MITAALIIH-peaaKLVS
Mopsagok 6anT u crnos 3 2 unsigned short | R/O  [He ucnonb3ayetcs
. MHuanumposaTb B
CRC npowwumskn 4 2 unsigned short | R/O LIeCTHAALATEPIMHOM BiAZE
Mnagwwui 6ut onpegensiet
Peructp coctosiHua npubopa 6 2 unsigned short R/O |Hanuune 4Yacoe peanbHOro
BpEMEHU
Kannbp. koaddpuumneHt A 7 4 float R/IO
Kannbp. koacppuruneHT B 9 4 float R/O
Tekywmn pacxog (mM3/4) 100 4 float R/O
WHTepnpeTtauus
Ko, owwmnbkm 102 4 unsigned long R/O |aHanorm4yHa ogHOMMEHHOMY
NnoJsit0o MMHYTHOrO apxuea
WHTterpan V+ (M3) 104 8 double R/O
WHTerpan V- (m3) 108 8 double R/O
Bpems HapaboTku (MUH.) 112 4 unsigned long | R/O
3anuck cbpacbiBaeT 4oCTyn
YpoBeHb gocTyna 200 2 unsigned short | R/W |B Honb. ButoBast macka: 6ut
0-PAS; 6ut 1-KEY; 2-JUM
unsigned Bantbl 0..15: cTpoOKOBbIN
ABTOpU3aLus 201 20 char[16] + RIW -2 CTP
unsigned Iong naponb + MeTKa BpeMeHu
Mpegen koppekuum Yacos s 5 unsigned short | RIO PaspeLueHHble npeaensi
peanbHOro BpeMeHu (cek.) Koppekuum Yacos
Koppekums 1acos 411 2 signed short PAS
peanbHOro BpeEMeHM (Cek.)
YcTaBka komnapaTtopa F1 420 4 float PAS
(M3/4)
YcTaBka komnapaTopa F2 430 4 float PAS
(M3/4)
CeTeBown agpec 440 2 unsigned short | PAS
Twn Bbixoaa F1 500 2 unsigned short | KEY
Tun Bbixoga F2 510 2 unsigned short | KEY
Bec nmnynsca (n) 520 4 float KEY
oy (mm) 540 2 unsigned short KEVJU
Knacc pacxogomepa 550 2 unsigned short KEI;‘]U Cumeonbl 'A', 'B', 'C', "'
MakcumanbHbIn pacxon 560 5 unsigned short KEY+JU
(M3/4) M
CepuiiHbIM HOMEpP 570 4 unsigned long KEI;‘]U
YpOBEHb OTCEYKN 580 4 float KEY*
Yacbl peanbHOro BpeMeHw 590 6  |unsigned char[6]| KEY |CEK- MMH., 4ac, AHo,

mecsl, rog B popmarte BCD

MpumeyaHue (*): ypoBeHb OOCTyna K napameTpy «YpOBEHb OTCeYkM» Ons Npubopos C
Bepcuen 0 3.12 KEY+JUM.
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lMepemeHHass «PermcTp coctosiHMA npubopa» CoaepXut MHPOPMaLMI0 O HanNMyMm Ha
nnate 4acoB pearnibHOro BpeMeHW. YCTaHOBIIEHHbIV MraaLwmim 6UT roBoOpuUT O HanMynun Yyacos
Ha nnare.

MepemeHHyto «Koa owwmbku» crnegyeT MHTEpnNpeTupoBaTb TakK Xe, Kak onvcaHo Anis
OAHOMMEHHOrO MOoNA MUHYTHOTO apXMBa.

lMepemeHHas «YpoBeHb AocTynax» Mo3BOMAET NpoYnTaTh TEKYLMIA YPOBEHb A0CTyna K
N3MEHeHNo napameTpoB. Tpu mMnagwmux 6uta KoaupylT Hanuume goctyna. but 0 — PAS,
6ut 1 — KEY, 6ut 2 — JUM.

lMepemeHHass «ABTOpu3auusa» HeobxoaMma ANd nepejadv napons npu  MnomnbiTke
n3MeHeHusa napameTpa, Tpebylolero goctyna no naponio. Ecnu Tekywmn yposeHb gocTtyna
MeHee ypoBHA PAS, nepea uameHeHueM napameTpa CUCTEMa BEpXHEro YpOBHS OOSKHA
BbINOSIHUTb 3anNUCb B NepemMeHHyto «ABTopusauusa». B 6antel 0+15 maccuBa aBTopmsaumm
KOMMpYyeTCHA CTPOKOBbIM Maporb (C 3aBepLUalouM HyNeM Ha KOHLE), B Nnorie BpeMeHHOM
METKM KOMUpyeTCsl 3HavyeHne foKanbHOro BpemMeHu (B popmaTe KonuyectBa CeKyHA,
npowegwmnx ¢ 01.01.1970 00:00:00). MNepemeHHasa «ABTopusaums» OormkHa ObiTb 3anucaHa
eavHbIM MmaccusoM (20 6anT).

MepemeHHble «Tun Bbixoga Fx» MOryT npuHMMaTh 3HaYeHUs:

Pacxon npsimon n obpatHbin: (0 | (0<<7) | (1<<6) | (1<<5));

Pacxon npsimon n o6patHbin, uHBEpPCHbIY Bbixoa: (0 | (1<<7) | (1<<6) | (1<<5));
Pacxop npsmon: (0 | (0<<7) | (0<<6) | (1<<5));

Pacxon npsimon, nHeepcHbin Bbixoa: (0 | (1<<7) | (0<<6) | (1<<5));

Pacxog obpaTtHbin: (0 | (0<<7) | (1<<6) | (0<<b));

Pacxop obpaTHbIn, MHBepcHbIM Bbixod: (0 | (1<<7) | (1<<6) | (0<<b));
Komnapatop: (1 | (0<<7));

KomnapaTtop, nHBepcHbin Bbixoa: (1 | (1<<7));

Owwmbka: (2 | (0<<7)).
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NMpunoxeHue 1. ®yHKUUNA pacyeTa KOHTPOJSIbHOU cyMMbl LRC

Mpumep byHKUMKM pacyeTa KOHTPONbHOW CyMMbl Kaapa 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 = ~loclLrc + 1;

roe:

e pSrc — ykasaTenb Ha Bydep, cogepxawumn coobLueHune;
¢ length — konuyecTBo BanNT gaHHbIX, ANs KOTopbIX TpebyeTca npounssecTtu noacyeT LRC.
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NMpunoxeHue 2. PyHKUuumn npeobpaszoBaHusa B ASCIll n obpaTtHo

Hwke npuBeneHbl npumepbl Ha s3bike CU cbyHkumiA npeobpasoBanus n3 ASCIl dpopmaTta
B ABOWUYHbI 1 obpaTHoro npeobpasoBaHuns ns geonyHoro 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[l6]={'0","'1","'2"','3","4"','5",'6"','7",
181’ 191’ VAV’ VBV’ VCV’ VDV’ VEV’ VFV};

char TwoASCIItoBIN (char *cptr, unsigned char *bptr)
{

char ca, i;
unsigned char cb;

cb=0;
for (i=0; i<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(l);
}
rge:

e Cptr — ykasaTtenb Ha bydep, cogepxawun cumsosbl ASCII;

e bprt - ykazatenb Ha Bydep, Kyaa 3anncbiBaloTcs ABOUYHbIE GanTbl.
void BINtoTwoASCII (unsigned char *bptr, char *cptr)
{

unsigned char cb;

cb=*bptr;

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

*cptr=BinToChar[cb & O0x0F];

roe:

e bptr — ykazaTenb Ha Bydep, cogepxammn 4BonYHble 6anTbl;
e cprt - ykazaTtenb Ha bydep, kyaa 3anucbisatotca cumonbl ASCII.
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NMpunoxeHue 3. Koabl ownb60K, Bo3BpawWaemMmbie npubopom

0 - HEeT oLWNOOK;

1 - HegonycTUMan PyHKUNS;

2 - HegoNyCTUMbIN agpec B 3anpoce;

3 - HegoNyCTUMbIE 3HA4YEeHMA B NOSE AaHHbIX 3anpoca;

4 — HenonpaeMmas owmnbka BO3HUKINA BO BPEMSI BbINOJTHEHMS Onepaunu;

5 — noaTBEpPXAEeHMNE BbINONHEHNA onepaumm (He ncnonb3yeTtcs);

6 - 3anpoc He MoxeT 6bITb 06paboTaH cenvac, Heo6xoaMMO NOBTOPUTL 3anpoC NO3AHEE;
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MpunoxeHue 4. PyHKUUA pacyeTa KOHTPONbHON cyMMbl Crc32

#define CRC32 Pre() OxFFFFFFFF
#define CRC32 Pnom() 0xEDB88320
#define  CRC32 XOR() OXFFFFFEEFF
#define CRC32 Check( C) (_ C == 0xDEBB20E3)

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

unsigned long 7J;

unsigned long CRC;

_CRC = CRC32 Pre();
for (3j=0; j < len; Jj++) {

_CRC = CRC32 Calc Byte(* ((BYTE*) (pBuf)+3j), CRC);
}

if (CRC32 Check( CRC)) {
return 1;
} else {
return 0;
}
}

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

unsigned char 1 = 8;
_C *= (D & OxFF);
do {
if (C & 1) { C=( C>>1)"CRC32 Pnom(); } else { C>>=1; }
} while (--_1);

return ( C);
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NMpunoxeHue 5. PyHKkUuun npeobpaszosaHna B BCD u ob6paTtHO

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. ONTUMMN3aUnA anropuTMa CYNTbIBaHUA apXUBOB

HocTtyn Kk apxuBam npubopa peanu3oBaH Yepe3 CuYuTbiBaHWe hannoB no 3anucam 6e3
BO3MOXHOCTW YKa3aHus xenaemon Aatbl apXmMBHOM 3anvMcu. ITo npegnosaraeT CYMTbIBAHWE
Bcero dpavna apxvBa LIESIMKOM B KaXOoM ceaHce cBs3u. [lpyn perynsapHoM cCYUTbIBAHUN
apxvBa 3TO NPUBOAUT K AOMNOSMHUTENBbHLIM BPEMEHHbLIM 3aTpaTtaM Ha MnofyyYeHne apXuBHbIX
3anucen, KoTopble Obinv NPOYMTaHbl BO BpeMsi NpeablayLmnx ceaHcoB CBA3W. [ 3KOHOMUK
BPEMEHWN CUYUTbIBAHUA anroputM MOXeT ObiTb ONTUMU3NPOBaAH Ha CTOPOHE NPOrpamMMHOro
obecneyeHnss BEPXHErO YPOBHS, €CNIN OHO MMEET BO3MOXHOCTb COXPaHSATb MPOYUTAHHbIE
AaHHble B KAKOM-HUBYAb XpaHunuile, Hanpumep, 6ase AaHHbIX.

AnNroputTM OCHOBaH Ha TOM, 4YTO 6a3a AaHHbiX (B[l) XpaHWUT Kak CO4epPXXMMOE apXMBHbIX
3anucen, Tak u cnyxebHy mHdopmaumo 0 3anucax (Homep danna u MHAEKC 3anucu, 13
KOTOPbIX 3anucb bbina NnpoynTaHa).

Ecnu gns paHHoro cpanna B B HeT MHMopmaumn, To NPOM3BOOUTCSA CHUTbIBAHME BCEX
nmetowmnxcs B npnbope 3anmcenn. Npu cHNTbIBAHUM KaXXO0M 3anmcu UMeeT CMbICI NPOBEPATb
KOHTPOmNbHYO cymmy. [lpu nocnegoBaTesibHOM HecOoBNageHUU KOHTPOSIbHOM CyMMbl 5 1
Bbonee pa3 MOXHO MPeEKPaTUTb CYUTbIBAHWE AAHHOro hanna, T.K. JaHHAa cUTyauusi MOXeT
yKasblBaTb Ha TO, YTO pann He 3anoSIHEH NOSTHOCTLIO.

Ecnn B[ copepxuT wuHopmauuio o npegblaywemM CYMTbIBaHUMM, TO Heobxogumo
Npon3BEeCTU cuYUTbIBaHNE U3 Npubopa, ykasaB HoMmep harna u MHAEKC 3annucu Takue xe, Kak
B nocnegHen 3anucu B (T.0. BbINOSHAETCA KOHTPOSIbHOE CYUTbIBAHWE MnocneaHemn
N3BECTHOW 3anuchn).

HecoBnageHne MHKpeMeHTHOro Homepa 3anucu (Tun unsigned __ int64) nnu KOHTPONbHON
CYMMbI MPOYUTAHHOM 13 Npubopa 3annucu ¢ aHanorMyHbIMmM NonsamMu 3anucn ua B rosoput o
TOM, YTO apxuBHas 3anucb Bbifia nepenncaHa ¢ MOMEHTa NMocneaHero CYUTbIBaHUSA (apxuBe
«3akonbLeBancs»). B aTom cnyyae crnegyeT NPoOU3BECTU CUYMTbIBAHME [AaHHbIX Tak, Kak
6yaTto Bl He copepkana nHgpopmaunm ob apxmee.

B npoTMBHOM cnyyae cuuMTbiBaHME [aHHbIX BbIMOMHSAETCS, HayuMHas Co crnefyoLlen
3anucu. CunTbiBaHWe NpoaomKaeTcs 4O BO3HUKHOBEHNSA OAHOMO U3 COBbITUIA:

e [lpounTaHbl BCe 3anuncu hanna;

e [lpouuTtaHo 5 nnun 6onee 3anucen ¢ HecoBnagaroLEeN KOHTPONbHOM CYMMO;

e [lpounMtaHa 3anuncb, uMelOWasi 3HAYEeHME WHKPEMEHTHOrO HOMeEp MeHbLue
MakCUManbHOr0  U3BECTHOrO0  3HA4YeHUsI UHKPEMEHTHOrO  HOMepa  3anucu
(xpaHsweroca B B[ vnM npounTaHHOrO BO BpeEMS TEKyLLEro ceaHca CBSA3WN).
[aHHasa cuTyauus roBOpuT O TOM, YTO MpoYUTaHa 3anncb, KOTOpasa yXXe OOorkKHa
HaxoanTbes B B/.



