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WcTopusa pegaktmpoBaHus

26.07.2012 coanaxa pegakuus 1.00;

05.05.2013 pobasneHo lMNpunoxeHue 6 (pegakuua 1.01);

01.08.2013 po6aeneHo onucaHuMe naMeHeHnin ansa pacxogomepa sepcuu MO 3.12.

14.09.2020 co3pnaHa pepakumsa 1.05:

« [o6aeneHo onucaHue NPUMEHUMOCTM JOKYMEHTA K pa3HbIM TUNam npubopos.;

08.10.2020 cospaHa pegakums 1.06:

« [obaeneHo onucaHue nons « ConpoTUBNEHUE XUAKOCTU» B apXUBHOW 3anucu;

27.10.2020 coagaxa pegakuusa 1.07:

» KM3ameHeH pasgen onucanusa paboTtbl ¢ agantepamm MHTEPAENCOB;

« [lobasneHo onucaHue pexuma RTU;

24.06.2021 co3naHa pegakuua 1.08:

« WcnpasneHo obosHaueHune Tuna double (32 6uta ncnpasneHo Ha 64 6uta);

« [obaBneHo onucaHue Leno4YncneHHsIx nHterpanoe V+, V- (agpeca 182, 184);

13.07.2022 cospnaHa peaakumna 1.09:

= WcnpaeneHa obnacTb NpUMEHEHUS OOKYMEHTA;

« [lononHeHo onucaHwe BHelLHero agantepa RS-485;

19.09.2023 cosnaHa pegakuusa 1.10:

« [obGasneHo onucaHWe nona «Bepcua MEeTPONOrMYeckn He3HAYMMOW 4acTu
nporpamMmmb» ;

« [o6asneHo npumMedaHme o peanusauumn napameTpos ¢ agpecamu 182, 184.
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1 BBepeHue

1.1 O6wme cBegeHUnA

[laHHOoe pyKOBOACTBO pacnpocTpaHseTcA Ha pacxogomepsl «[lutepdnoy PCy,
«Mutepdnoy K».

Pacxopomep «[utepdnoy» (ganee lMNpubop) nossonseT nonyyaTb TEKYLIME WU apXMBHbIE
napameTpbl, a TaKke MpeaocTaBnser AOCTyN K YTeHU WM W3MEHEHUID HAaCTPOEYHbIX
napamMeTpoB 4epes nocnegoBaTtenbHeln MHTepdenc. Pusnyeckun yposeHb WHTepdenca
BbINONHEH B cooTBeTcTBuM co ctaHaaptom LIN (Local Interconnect Network), ncnoneayetcs
BHYTPEHHUA KOMMYHWKaALMOHHBIM npoTokon. MapameTtpel HacTtpoek: 19200 6ut/cek., 8 6ut
[AaHHbIX, 1 CTOMOBbLIV, KOHTPOIb YETHOCTU OTCYTCTBYET.

1.2 ApanTepbl UHTepdenicoB

CoeaguHeHne npubopa C CUCTEMOWM BEpPXHEro YPOBHS  OCYLUECTBNSAETCA 4Yepes
WHTENNEeKTyanbHble aganTepbl, KOTOpble SABMAIOTCA  KOHBEPTOpPaMu  UHTEpPdENCoB
M3NYECKOr0 YPOBHA U KOMMYHMKALUMOHHOrO npoTokona. Co CTOpPOHbI CUCTEMbI BEPXHETO
YPOBHA OHU  UMeloT pasnuyHble uanMyeckue UHTepdEencel W peanusauuu
KOMMYHUKaLMOHHOIO NpoTOKONa NepefaYn AaHHbIX, a8 CO CTOPOHbI Nnpubopa Bceraa umeroT
usmnyeckni nHTepdenc LIN n peanuayloT BHYTPEHHUIA KOMMYHUKALMOHHBIA NPOTOKO.

CyuwiecTByHOT aganTtepbl cneayowmnx puanyecknx NHTepdgencos:

s EthernetSlNpubop. Mo3sonseT nogknounTe A0 ABYX pacxogomMepos «[lutepcnoy». B
ceTu Ethernet peanusyet cepsep koMMyHUKaumoHHoro npotokona «Modbus TCP» (TCP
nopt 502 — pacxogomep Ne1, nopt 503 — pacxogomep Ne2 (nopm 503 moxem
omcymcemeosame 8 3a8ucuUMOCmU om ucrnofiHeHus adanmepa)). Agantep nossonset
OCYLLECTBNSATL HE3AaBUCUMbIA OJHOBPEMEHHbIM ONPOC NOAKMKYEHHBIX NPUBOPOB.

LIN
Ethernet | MopT 502}« o nmﬁqfnoy
‘/' AnanTEP -
K —
OMMbIOTEP Y\A Ethernet LIN
MopT 503 |« > nme'?wqmy
Modbus TCP 2

PucyHok 1: Agantep EthernetSTpubop

e RS-2325Mpubop. lMossonsieT NOAKMIOYATL OAWMH PacXoAOMEp K KOMMNbIOTEPY WU
mogemy. He gonyckaeTcs UCMoOnb30BaHWE B CETW, Pa3pelleHo NMOAKIIYEHWe TOMNbKO
TUNa TOYKa-ToMKa. Mcnonb3yeTcs nocneaoBaTteribHbld aCUHXPOHHBIN NOMYAYNIIEKCHbIA
nHTepdenc. MNapameTpbl HacTpoek: 9600/19200 6ut/cek., 8 BUT AaHHbLIX, 1 CTONOBLIN,
KOHTPOIb YeTHOCTU oTcyTcTBYET. Co cTOpoHbl RS-232 peanuayet KOMMYHWKAUMOHHbIE
npoTtokonbl «Modbus ACSII», «Modbus RTU» (peanusayusi npomokona Modbus RTU
MOXem omcymcmeogames & adanmepax, ebinyweHHsix 0o 01.06.2020).

RS232 LIN

KomnbioTep || Agg;;;p < > ””T?\JI?]CIEHOV

Modbus ASCII/RTU

PucyHok 2: Agantep RS-2325Mpubop

e RS-4845Mpubop (BHewHW aganTtep). No3BonseT NOAKMKYUTE PacxodoMep B CETb
RS-485. Wcnonbsyetrca nocnenoBaTerbHblil  @CMHXPOHHbLIA  MONYAYNNEKCHbIN
nHTepdenc. MNapameTpol HacTpoek: 9600/19200 6ut/cek., 8 BUT AaHHbIX, 1 CTONOBLIN,
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KOHTpOIb YeTHoCTM oTcyTcTByeT. Co cTtopoHbl RS-485 peanuayeT KOMMYyHMKaUWOHHbIE
npotokonel «Modbus ACSII», «Modbus RTU» (peanusayus npomokona Modbus RTU
MOXxem omcymcecmeogams 8 adanmepax, ebinyweHHbix 0o 01.06.2020).

e RS-4845Mpubop (BCTpoeHHbIN aganTep). MNo3sonaeT nogkniounTs pacxogomep B ceTb
RS-485. Wcnonb3yetca nocnegoBaTenbHblii  @CMHXPOHHbLIA  MONYAYNNEKCHbIW
nHtepdenc. Mapametpbl HacTpoek: 1200-115200 6uTt/cek., kon-Bo BMT AaHHbIX, KOMN-BO
CTON-OUT, KOHTPOIb YETHOCTKU B 3aBMCUMOCTM OT HacTpoek agantepa. Co cTtopoHbl RS-
485 peanuayeT KOMMyHMKaLMoHHbIA npoTokon «Modbus RTU».

RS485 LIN

KomnbioTep (¢ | Arr-{lg:;gp < > ”“T?ﬂl?]dfﬂov

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

1.3 YpoBHM NpoTOKONa obmMmeHa

JTOT pasfgen coaepXuT KpaTkue ceefeHnsa ua ctaHaapta « Modbus». Moapo6Hyto
WHOPMAaLMI0 MOXHO NOMYYUTb U3 JOKYMEHTOB, pa3MeLleHHbIX Ha cainTe www.modbus.org:

e Modbus Application Protocol;

¢ Modbus over serial line;

« MODBUS Messaging on TCP/IP Implementation Guide.

1.3.1 Jlozuyeckuli yposeHb

Nornueckuin ypoBeHb nNpoTokona oTBevaeT 3a cnocob goctyna Kk gaHHbiM. [poTokon
«Modbus» onpeaensiet noHatne PDU (Protocol Data Unit), He3aBmMcrvmMoe oT Mcnonb3yemMoro
KOMMYyHUKauuoHHoro npotokona. PDU cogepxut 2 nons: kog dyHkumn (anvHa 1 6ant) u
AaHHble (AnvHa He Bonee 252 6awT). MoapobHoe onncaHne NOrM4ecKoro YpoBHS NpUBeaEHO
B pasgene Peann3oBaHHble YHKLMM NPOTOKONA.

Function code Data

PDU
< >
PucyHok 4: Coctas PDU

1.3.2 KoMMyHUKayUOHHbIU ypOBeHb

KoMMyHMKaUWOHHBIA  ypOBEHb NPOTOKONa OTBeYaeT 3a [JOoCTaBKy nepegaBaemow
nHpopMauumn mexay AByms coBmectumbiMu «Modbus». B pasnuyHbix KOMMYHUKALMOHHbIX
npotokonax PDU gononHAeTca nonsMu ceTeBoW agpec, KOHTPONbHas cymma, 3aronoBoK U
T.0., obpasys npu atom, noHatve ADU (Application Data Unit). JononHutenbHble nons
TpebyloTca Ana agpecauny, MAeHTUMUKALMA U KOHTPONS LENOCTHOCTU AaHHbIX.

HesaBncMmo OT KOMMyHMKALMOHHOIO npoTokona npwbop paboTaeT Tonbko B pexumMe
«BeOMbIA». ITO O3HA4YaeT, YTo NpUBOpP MOXKET BbINOMHUTL MNOCHINIKY TOMbLKO B OTBET Ha
3anpoc cMcTeMbl BepxHero ypoBHs. Bpems oteBeTa npubopa He npesbiwaet 500 mc. B cnyyae
OTCYTCTBMSA OTBETa OT npubopa cucTema BepxXHEero YpOBHS AOMKHa BbINOMHUTbL MOBTOP
3anpoca.

ADU «Modbus RTU»

B cnydyae wucnonb3oBaHMs KOMMYyHMKauwoHHoro npotokona «Modbus RTU» PDU
[ONOSHAETCS NONSAMW CETEBOW aApec 1 KOHTPOSIbHasA CymMMa.
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ADU
<+ >

Net. Address | Function code Data CRC
PDU

-
PucyHok 5: ADU ana «Modbus RTU»

CeTeBon agpec cnyxuT ansa agpecauun npubopa B ceTn. KoHTponbHas cymma crnyxuT ans
NPOBEPKM LeNOCTHOCTM AaHHbIX. [Nepeaatoliee yCTPOUCTBO BbIMUCTISET KOHTPOSbHYHO CYMMY
Hag BCEMU MONSIMU MOCHINKK, U 3aTEM pPe3ynbTaT BbluMcneHus JobaBnseT B KOHeL NOCbINKY.
MpuHMMaloLwee yCTPOWCTBO, NOMYYMB BCIO NOCBINKY, BbIMUCIIAET KOHTPOSbHYK CyMMY Kaapa
ansa Bcex 6antoB cooblieHus, mckniodas 6anTbl KOHTpPONbHOW cyMmbl. B cnydvae, ecnu
NPUHATAs W BbIMUCMNEHHAs KOHTPOMNbHbIE CYMMbl pPaBHbl, NPUHUMAETCA pelleHne o
[OCTOBEPHOCTU NPUHATOrO kagpa. B npoTuBHOM crnyvae kagp CHMTAeTCs HeJOCTOBEPHbLIM.
Ecnu npubop nony4yaeTt HeQOCTOBEPHbIN Kaap, OH ero UrHOPUPYET 1 He NOCEINaeT Kaknx-nubo
OTBETHbIX COOBLLEHUA. TO 03HAYAET, YTO CMCTEMA BEPXHEro YPOBHSI HE MONy4YuT OTBETa B
TeYeHWe OXWO3aeMoro BpeMeHW W [OMKHAa caenaTtb NoBTOp 3anpoca. Ecnn ke dakr
Nomny4YeHuss HeJOCTOBEPHOM NOCLINKM ODHapyKeH CUCTEMO BEPXHEro ypoBHS, TO OHa MOXeT
BbINOMHWTL NOBTOP 3anpoca.

MNpu nepenaye ucnonb3yeTcs ABOMYHAA CUCTEMA KOAUPOBAHUSA, HA4arno 1 KoHew, NochInku
OnpeaensaTcs No ANMTENbHOCTU «MHTEpPBana TULIWHbLI» - BPEMEHW, B TEYEHME KOTOPOro He
nponcxoauno nepenayn. T.e. kaap coobLIEHUA «3aKMioYeH» Mexay OBYMS UHTepBaramu
TUWWHLI. BarTel cOOBLUEHNS A0MKHBI NepeaBaTbCs HENPEPLIBHLIM NOTOKOM. ANNMTeNnsHOCTE
WHTepBana TuwuHbl no craHpapty «Modbus RTU» onpepensetca kak 3,5 AnUTenbHOCTU
nepepayun 6anta Ha 3agaHHON CKOPOCTU.

B kauyecTBe yHKUMN pacyeTa KOHTponbHOW cymmbl B pexxume RTU ucnoneayetcs Cyclical
Redundancy Checking (CRC16). Npumep dyHkumm pacseta CRC16 npueeaeH B [punoxeHun
7, a onucaHue reHepauun KOHTPONBLHOW CYMMbl MOXET ObiTb HalAeHO B AOKYMEHTaLWMN Ha
cavite www.modbus.org.

v

ADU «Modbus ASCII»

B cnyyae wcnonb3oBaHus KOMMyHWKaunoHHoro npoTtokona «Modbus ASCIll» PDU
[OMNOMHAETCH NONSIMU CETEBOW aAPEC U KOHTPOSbHas CymMMma.

ADU
< >

Net. Address | Function code Data LRC

PDU
< >

PucyHok 6: ADU ansa «Modbus ASCII»

CeTeBoW agpec cnyxuT ana agpecayuun npubopa B cetn. KOHTpoONbHas cymma Cnyxut ans
NPOBEPKM LLENOCTHOCTK AaHHbIX. [Nepeaatoliee yCTPOMCTBO BbIMMCNSET KOHTPOMNBHYIO CYMMY
Haa BCEMW MOMNSAMM NOCHINKK, N 3aTeM pesynbTaT BbluUcneHus o6aBnseT B KOHEL NOCHINKM.
MpuHUMatoLee yCTPOMCTBO, NOMYYUB BCKO MOCLINKY, BbIYUCNAET KOHTPONBHYKO CyMMY Kagpa
ansa Bcex 6anMToB coobuieHus, ucknoyas 6anTel KOHTPOMbHOW CyMMmbl. B cnyyae ecnu
NPUHATAS W BbIYUCIIEHHAA KOHTPOSIbHbIE CYMMbl paBHbI, MNPUHUMAETCA peLleHue o
[OCTOBEPHOCTU NPUHATOrO kagpa. B npoTuBHOM crnyvae kagp CYMTAETCs HeOOCTOBEPHLIM.
Ecnu npubop nony4aeTt HeJoCTOBEPHbIN Kaap, OH Ero UrHOPUPYET U HE NOCHINAET Kakux-nubo
OTBETHbIX COOBLUEHWMIA. ITO 03HAYAET, YTO CMCTEMA BEPXHEro YPOBHS He MONy4YuT OTBETA B
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TedyeHWe OXuoaemoro BpeMeHWU KW OOofHa cpgenatb MNOBTOp 3anpoca. Ecnn xe (baKT
nonyvYeHuA He,D,OCTOBGpHOﬁ NOCBINKK OSHGDyH(GH cucTemMon BEPXHEero ypoBHA, TO OHa AOIMKHA
BbIMOSTHUTE NMOBTOP 3anpoca.

MNpun nepepaye UcxoaHble OBOMYHBLIE AaHHbIE KOAMPYKOTCA. Havano n koHeuy coobLlueHus
nomeyeHbl cneumanbHbIMKU Mapkepamn. Hadanom coobuieHns Bcerga SIBNSIETCS CUMBOI
apoetoumnsa «:» (0x3A B WwecTHaguaTepu4HOM npeactaeneHuy). KoHuom coobluenns Bceraa
sABNsieTcA napa cumBonoB «Bo3spat kapeTku» (CR) u «nepesopg ctpoku» (LF) (0x0D n 0x0A
COOTBETCTBEHHO B LlIecTHaguaTepu4HoM npeactasneHun). Kaxaeih 6Gant OBOWYHOrO
ucxoaHoro coobuieHna nepegaeTcsa B BUAe napbl cumBonos. Hanpumep, 3HadeHne 27 (0x1B
B LULeCTHaauaTepu4HOM npeacTaeneHun) 6yaet npeacrtaeneHo kak napa cumeonos ‘1’ (0x31 -
CYMBONbHOE NpeacTaBneHne crapumnx 4-x 6utos) n ‘B’ (0x42 - cumBonbHOe NpeacraBneHne
mnagwux 4-x 6utos). JonycTuMble CUMBOMLI ANA nepegadqn - 3To LecTHaguaTtepudHble
cumsonbl 0-9, A-F. B kavectBe pyHKUMM pacHeTa KOHTPONbHOW CYMMbl MCNOMNb3yeTcs
Longitudinal Redundancy Checking (LRC). MNpumep ¢yHkumm pacyeta LRC npuBegeH B
MpunoxeHnn 1, a onucaHuve reHepauun KOHTPONBHOW CYMMbl MOXET ObiTb HangeHo B
AOKyMeHTauun Ha cante www.modbus.org. MNpumepb! OyHKUNIA NEPEKOAUPOBKN U3 ABOUYHOTO
npeactaeneHna B ASCIl w w3 ASCIl B pgBomdyHOoe npeacrtaBneHne npuBeaeHbl B
MpunoxeHwnu 2. Hap gBouyHbIM cogepxuMbiM Bydepa nepepadqn cHadana BbINONHAETCH
pacyeT KOHTPOSBHOW CyMMBbI. 3aTeM ABOMYHbIE AaHHbIE BMECTE C NONEM KOHTPONbHOW CyMMbI
noasepratoTca npeobpasosaHunio B ASCIl n 3atem pesynbtar AONOMNHSETCA CUMBONAMu
Havana u KoHua kagpa.

ADU «Modbus TCP»

B cny4ae wcnonb3oBaHWs KOMMYHMKauwoHHoro npotokona «Modbus TCP» PDU
pononHaetca 3aronoskom MBAP (MODBUS Application Protocol), cnyxawum ans
naeHTndmkaunm.

ADU
< >

MBAP Header| Function code Data

PDU
< >

PucyHok 7: ADU ansa «Modbus TCP»
MBAP cogepxuTt cnegyoLime nons:

¢ WpeHtudpumkarop 3anpoca (anuHa 2 6anta). 3anonHAETCA CUCTEMOW BEPXHENO YPOBHSA.
KonupyeTcsa npubopom 13 3anpoca npu BbINOSHEHUN OTBETA;

e WpeHTudurkaTtop npotokona (anuHa 2 6awta). [JlomkeH bbiTb paseH 0;
e [nunHa coobuieHuna B 6antax (anuHa 2 6auta). lomkHa 6biTe paeHa anuHe PDU + 1;

e CeteBon agpec npubopa (anuHa 1 6anT). 3anonHAeTCA CUCTEMOW BEPXHENO YPOBHS.
Mpw BbINONHEHUN OTBETA NPUOOPOM 3arMONHAETCS B COOTBETCTBUMN C €r0 HACTPOWKOMN.

[Byx6ainTHbIe Nonsa 3aronoBka NnepeaalTcs B NOPSAKE CHavana crapluni, 3aaTem MnazaLumi
baiT.
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2 Peanu3oBaHHble (DYHKUMU NpPOTOKONaA
2.1 ®yHkuyma Modbus 03 (0x03 hex) (Read Holding Registers) u 04 (0x04 hex) (Read
Input Registers)

®yHKUMKM NpeaHa3HayYeHbl AN YTeHUSA ABOMYHOIO COAEPXKMMOro LeCcTHaAUaTUPa3psaHbIX
pervctpoB npubopa. Otnunyne dyHkummn 0x04 ot 0x03 B TOM, H4TO OHa NPUMEHSRETCH TOJILKO
ANsi YTEHUS NapaMeTpoB, HEAOCTYMHbIX ANs 3anvcu. B obuiem Buae cTpykTypa 3anpoca u
oTBETa MMEET CrieayoLwmnn Bna;

PDU sanpoca:

DYHKUMS HayanbHbIH HauyanbHbIi KonwuyecTso KonuyecTBo
0)(53;‘0)(04 aapec agpec perncTpos PEerucTpos
(cTapwwuin 6anT) |(Mnagwwuin 6ant)| (ctapwui 6anT) | (Mnagwwin 6ant)

Mone Data PDU cogepxuT nona «HavanbHbIM agpecy», yKasbiBarLMiA C KaKoro peructpa
HauMHaTb YTeHune, n «KoNMYecTBO PErncTpoBy, ykasbiBaloLLee, CKOMbKO PErMCTPOB creayet
npoYMTaTh.

PDU otBeTa B cny4ae BbinonHeHus 6e3 owmnbok:

Konuuyectso y . .
DyHKUMA 6aiAT DaHHbIX B 1-bIl perucTp 1-bIt perucTp | BanTel perucTpos
0x03/0x04 oTBETE (ctapwun 6anT) |(Mnagwwun 6anT) 2,3...N

B cny4ae ycnewHoro BbIMNONMHEHWA B OTBETE MPUCYTCTBYET COAEPXMMOE 3anpoLUeHHbIX
pernctpoB. [lone «KonunyectBo 6Gant paHHbix B OTBeTe» OyoeT paBHO KOMUYECTBY
3anpoLUEHHbIX PErucTpoB, YMHOXEHHOMY Ha Aea. [lpouYnTaHHOe COAepXKMMOe PEerncTpoB
HaumHaeTcs ¢ banTa, cneayouwero 3a nonem «Konnyectso 6anT AaHHbLIX B OTBETEY.

PDU oTteeTa npu BO3HUKHOBEHUM OLUMOKMK:

®yHkuma 0x83/0x84
(ycTaHoBnNeH cTapLumin 6uT)

Koa owmnbkm

Ans nHopMMpoBaHUs BeAyLIEro 0 TOM, YTO Onepauus He BbINoNHeHa UK BbINoNHeHa ¢
owwubkon, Nnpubop ycTaHaBnMBaeT cTapLum But nons «PyHkuna» B oTeeTe. banT, cneayowwi
3a nonem «®yHkuma», ByaeTt cogepxaTb Koa owmnbKku (3HaYeHUs KOOOB OWNBOK NpuBEAEHbI B
Mpunoxennu 3).

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

®dyHKUMS  npegHasHadeHa  AnNs 3anucyu ABOMYHOrO  COAEPXWMOro  OAHOro
LecTHaauaTupaspaaHoro perncrtpa npubopa.

PDU zanpoca:

DyHKUMS Anpec Agpec 3HaueHve 3HaueHve
0x06 (cTapwwin 6aiT) |(MNaagwmwia 6anT)| (cTapwmwin 6anT) |(Mnagwwin 6anT)

MNMone Data PDU 3anpoca cogepxuT nons «Agpec», yKasbiBalOWMWW B KaKOW perncrp
BbINOMTHAETCA 3anncCh, U 3HAYEHWE 3anMcbiBaeMOro permcTpa.

PDU oTtBeta B cny4ae BbinonHeHnsa 6e3 owmnbok:

DYHKUMA Anpec Apnpec 3HayeHue 3HayeHWe
0x06 (cTapwuin GanT) [(Mnagwnin 6anT)| (cTapwmin 6ainT) [(Mnagwwmin 6ainT)

B cny4ae ycnewHoro soinonHedns PDU oTeeTta cogeput Konuto nepebix natk 6ant PDU
3anpoca.

PDU oTteeTa npu1 BO3HUKHOBEHWM OLLNGOKMN:

®yHkuma 0x86 (ycrtaHoBneH

cTapLunin ur) Koa owmbku
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Ans nHdopmMupoBaHus BeayLLEro O TOM, YTO Onepaums He BbINOMHEHa UK BbINOMHEHa ¢
owwubkoin, Npubop ycTaHaBnNMBaeT CTapLumii BUT nons «PyHkuna» B oTBeTe. banT, cneayoLwwit
3a nonem «®PyHkuua», ByaeT cogepkaTb ko oWKMbKM (3HaYeHns KoOoB OWKBoK NpuBEAEHbI B
Mpunoxennu 3).

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

®yHKUNS NpegHa3HayeHa onsa 3anucu ABOUYHOrO COAEPXKMMOro LecTHaauaTupa3spsaaHbIxX
perncTpos npubopa.

PDU zanpoca:

Hay-bit | Hau-bih | Kon-so | Kon-so Kor-8o 1-bii 1-biin
DyHKUMSA appec agpec per-os per-os 6aNT LN pervcTtp | perucTp |baiTel per-
0x10 (cTapwmwin| (mnagwmwm | (cTapwmi| (mnagwm 33 '?‘: (ctapwwia| (mnagwm | oB 2,3...N
Gait) | i Gaiit) | 6aitt) | i 6aiir) M 1 Gait) | i1 Gait)

lNMone Data PDU 3anpoca cogepxut nons «HavanbHbI agpecy», yKasbiBaloLMN C Kakoro
perncTpa HauvHaThe 3anuch, «KOnMYecTBO PerucTpoB», yKa3sbiBalllee, CKOMbKO pPeructpoB
cnegyet 3anucaTb, «KonmyectBo 6ant agng 3anucu» M HENOCPEACTBEHHO 3HA4YeHUs
3anucbiBaeMblX PErMCTpoOB.

PDU otBeTa B cny4ae BbinonHeHusa 6e3 owubok:

PyHKUMA Hau-bi agpec Hau4-bin agpec Kon-Bo per-os Kon-Bo per-os
0x10 (cTapwwnia 6aiT) (mnagwwuii 6anT) (cTapwwin banT) (mnagwwuin 6anT)

B cnyyae ycnewHoro BbinonHeHuss PDU oTBeTa cogepxuT konuio nepsebix natn 6ant PDU
3anpoca.

PDU oTteeT npy BO3HUKHOBEHWW OLUNOKN:

@yHKumna 0x90 (yctaHoBneH

cTapLunin ur) Kon ownbku

Ans nHdopmMupoBaHus BeayLLEro 0 TOM, YTO OnepauWs He BbINONHEHa WNK BbINOMHEHa ¢
owmbkon, Npubop ycTaHaBnmMBaeT cTapLumi But nons «PyHkuna» B oteeTe. banT, cneayowwin
3a nonem «®yHkuma», ByaeTt cogepxaTb Koa owmnbKku (3HaYeHUs KOOOB OWNBOK NpuBEAEHbI B
MpunoxeHunu 3).

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

®PyHKUNS npegHasHadeHa Ans YTeHus perncTtpoe danna. ®ann opraHu3oBaH Kak Habop
3anucen ¢ Homepamu ot 0000 oo 9999. PyHKUMA MOKET YMTaTb HECKOMNBKO Pa3NUYHbIX rPymnn
pervctpoB. [pynnbl MOryT ObITe HenocnegoBaTenbHbIMW, HO PEerncTpbl BHYTPW rpynnbl
OOMKHBI BbITb NOocnegoBaTeNbHbLIMM.

PDU 3anpoca:

Fpynna lpynna | Mpynna | Mpynna | Mpynna | Tpynna | pynna lpynna F)p()lr:na Fp}j(gir:na

DyHimn OnwHa X Tun X, Homep X, Homep X, Homep | X, Homep | X, anvHa | X, Anvda X41. Tan Homelp Horuerp
Ox14 aanpoca [B-,:erp,a daina | canna | 3andcK | 3andcu | 3anucKM | 3anucu [Bcérﬂ,a daina | daina
(7+245) paBeH 6) (ctapw. | (Mmnagw. | (cTapw. | (Mnagw. | (cTapw. | (Mnagw. pageH 6) | (cTapus. | (Mnanuw

BaiT) GaiiT) Gant) GanT) GaiT) GanT) Bam}l GaniT) :

Mone Data PDU 3anpoca cogepxur:

e [llone «anuHa 3anpoca»= 7 * N, rge N — konu4ecTBO rpynn 3anpalivBaeMbixX
PErnucTpos;

e OnwucaHue rpynn 3anpawmBaeMbiX PEMMCTPOB, KaXXA0e U3 KOTOPbIX MMEET Nons:
Twn. Bcerna paseH 6;

o Homep danna;
o Homep 3anucu BHyTpK hanna;
o [OnuHa 3anucn. Onpegenser KONWYECTBO 3anpaluvBaemblX pPerncTpos

rpynnol.
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PDU otBeTa B cny4ae BbinonHeHnsa 6e3 owmnbok:

pynna | Fpynna | Mpynna | Mpynna Mpynna | Fpynna | Fpynna | Mpynna

lpynna | Mpynna X, X, X, X, Fpynna | Mpynna | X+1, X+1, X+1, X+1,
DyHruma | Onuxa X, X, TN | perucTp | perucTp | perucTp | perctp X+1, |X+1, Tun| permcTp | perucTp | perketp | perucTtp

0x14 | orBera | AnuHa | (ecerna 1 1 2 2 AnvHa | (Bcerpa 1 1 2
(BaiAT) |pased 6)| (cTapl. |(Mnagw. | (cTapll. |(Mnaw. (BaiT) |paBed B)| (cTapw. |(Mnagw. | (cTapw. |(MnaaLw.
bawnt) BanT) BaiT) bawr) Baiit) bawnt) bawr) BanT)

Mone Data PDU 3anpoca coaepXuT:
e [lone «anuna otBeTa»=((I'pynna X, gnuna) + 2)+((MFpynna X+1, gnuHa)+2)+._;

e [pynnbl perncTpos, kaxaas U3 KOTopbIX UMEET:

o [OnuHa rpynnel (6anT);
o Twn. Bcerga paBeH 6;
o Pernctpbl gaHHbIX.
PDU otBeT npn BO3HUKHOBEHUWN OLLUMOKMK:
®yHkuma 0x94 SyCTaHOEIl'IeH Ko ownBki
CTapLUuin 6uT)
Ans nHdopmMupoBaHUs BeOyLLEro O TOM, YTO Onepaums He BbINOMHEHA UK BINOMHEHA C

owwubkoin, Npubop ycTaHaBnNMBaeT CTapLumii BUT nons «PyHkunA» B oTBeTe. banT, cneayoLwwit
3a nonem «PyHkuua», byget cogepxaTb kof OWKMbKM (3Ha4YeHUs KOOOB OWWMDOK NpMBeaeHbl B

Mpunoxennu 3).
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3 OpraHusauusa gocTyna K AaHHbIM

3.1 MC"OHbSYEMbIE TWUNbI AaHHBIX U YCNOBHLIE 0003HaYeHun

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

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

unsigned short —be33HakoBoe uenoe 4ucno (16 éur);

signed short —3HakoBoe Lenoe 4ncno (16 6uT);

unsigned long —6e33HakoBoe Lenoe 4ucno (32 buta);

signed long —3HakoBoe uenoe yucno (32 burta);

unsigned __int64 —6e33HakoBoe uenoe 4ucno (64 6ura);

signed __int64 —3HakoBoe uenoe 41cno (64 buta);

float — BellecTBEHHOE YMCNO OoAMHApPHOW TovHOCTK (32 BuTa) C NnaBaoLLen 3anaToun,
cooTBeTcTBYKOLWEe cTaHaapTy «|IEEE 754»;

double — BelwiecTBeHHOE YMCNO OBOWHOW TOYHOCTM (64 6MTa) ¢ NnaBatoLlen 3ansTon,
cooTtBeTcTBYylOLWee ctaHaapTy «|IEEE 754»;

R/O — pocTtyn TONbLKO Ha YTEHUE;

R/W — pocTyn Ha yTeHue u 3anuck (6e3ycnoBHbIN);

PAS - gocTtyn Ha 4TeHuWe, 4OCTYN Ha 3anucb NP NpeabsABNEeHUN Napons;

KEY - gocTyn Ha 4TeHne, AOCTYN Ha 3anucb NPW HaNWYUK 3NEKTPOHHOMO KIkYa;

JUM - goctyn Ha YTeHue, AOCTYN Ha 3anucb NPpU YCTAHOBNEHHOW NEpEMbIYKE «3alumTan;
KEY+JUM - goctyn Ha YTeHue, AOCTYN Ha 3anncbk NpW HANU4YyMKn 3NEKTPOHHOro Kko4va U
npu yCTaHOBNEHHOW NepeMbIdke «3alumTay;

3.2 PerncrpoBbiit 4OCTYN U XapakTepPUCTUKN NapaMeTpoB

[locTyn K TEKYLWMM WU HaAcTpoeYHbIM napameTpam npubopa peanu3oBaH Yepes yHKUUM
YTEHMA W 3anNUCU PErucTpoB — MEPEMEHHbLIX, MMEKLWMX TUN LWecTHaguaTupaspsaHoe
6e33HakoBoe uenoe. Mpu opraHnsaunm perncTpoBoro AoCTyna AenaeTcs AonyLieHue, Y4To Bce
MHOroo6pasHble CTPYKTYypbl OaHHbLIX pacnonaralTcsi B NamsiTh, 3NeMEeHTapHOW S4YEenKown
KOTOPOW SABNAETCA OAWMH LWecTHaguatupaspsaHblii peructp Ttuna «6e3s3HakoBoe uenoey.
dun3nyeckn AaHHble MOryT HaXOAWUTLCS B COBEPLUEHHO pasHbIX y4YacTkax namsiti npubopa u
Aaxe B pasHblX TUNax NamaTu (onepaTUBHas, aHEpProHesaBMcMmas U T.4.), HO A4Ns CUCTEMb
BEPXHEro ypPOBHS AaHHble «BbIMMAASATY Kak eauHoe agpecHoe NpocTpaHcTBo. B atom cnyyae
BCe [JOCTYNHble [aHHble MOXHO MNpPeacTaBUTb Kak MacCMB  LlecTHaguatupaspsgHbiX
PErMCTPOB, KaXXAbli U3 KOTOPBIX XapakTepusyeTcs HOMEpPOM B MaccuBe (Janee agpecom).
Kaxgbii napameTp npubopa MOXET 3aHMMaTb YacTb Perucrpa, BeCb PEerucrp LenvMkoMm Wnm
HECKONbKO perucTpoB. Takum obpa3om, napameTp xapaktepusyetcsi COGCTBEHHBIM TUMNOM U
pacnonoXeHNMem BHYTPU MaccuBa PerMcTpos.

[loctyn K apxvBam OpraHW3oBaH 4epe3 CcTaHAapTHble MYHKUMKM 4YTeHus cpannos,
npeaycMoTpeHHble npotokonom «Modbus».

3.3 TMNopsgok xpaHeHUs U Nnepegavym 0DAUT AAHHLIX

Ans yteHus n 3anucu peructpoB B ctaHgapte «Modbus» npeaycMoTpeHb! cneyuansHble
(YHKUMM, KOTOpble ONEPUPYIOT COAEPXUMbLIM LUECTHAAUATUPA3PSAHbIX PerucTpoB. 3Tu
dyHKUMM NpegnonaratT, YTo Npubop XpaHWUT AaHHbIE TONLKO TUNA LWecTHaguaTupaspsaHoe
De33HakoBOe Lenoe U HUYEro He «3HaKT» O TexX Tunax AaHHbIX, KOTOPbIMW AEACTBUTENbHO
npeAcTaeneHsl napameTpel npubopa. Takum obpasom, nonyyaeTcs, YTo B Nnpubope AaHHble
XPaHATCA B HeKoeM ucxogHom dopmarte, a nepegalTcs no cetm B Buae Habopa
LWecTHaguaTupaspaaHelX permctpoB. [lpy nepegade OaHHbIX, Y€l pasMep B UCXOOHOM
tdopmaTte npeebiwaet 16 o6urt (long, float, double w T.4.), UCNONBL3YHOTCA HECKOMNBLKO
nocnegoBaTenbHbIX perncTpoB. [1pu 3ToOM MNaguwive cnoea NepeaarTcs B NepBYK oYepeab,
crapwue - B nocnegHo. T.0., ans npeobpaszoBaHusa K nopsaky 6anT, ecTecTBeHHOMY Ansi
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nnatopmbl PC. TpebyeTca ANg Ka)Xaoro npoyYvTaHHoro/3anucsIBaeMoro perucrpa M3aMeHUTb
nopsaoK 6anT.

MNpumep pasmelweHus agaHHbix ana Tuna long (MSB-most significant byte, LSB-least
significant byte):

B3 B2 B1 BO
MSB LSB
Pernctp Pernctp AO Pernctp A1
Mopsigok nepegayn nepBbIi nocnegHum
Baint B1 BO(LSB) B3 B2(MSB)
Mpumep pasmelweHns gaHHblx ans Tuna float:
B3 B2 B1 BO
SEEEEEEE EMMMMMMM MMMMMMMM MMMMMMMM
Pernctp Pernctp A0 Pernctp At
Mopsgok nepepayu nepBbIn nocneaHum
Bant B1 BO(LSB) B3 B2(MSB)
Mpumep pasmelleHns aaHHbIx ana Tuna double:

B7 B6 B5-B1 BO
SEEEEEEE EEEEMMMM MMMMMMMM MMMMMMMM
Peructp Pernctp AO Pernctp A1 | Peructp A2 Pernctp A3

Mopsagok nepenaywn |NepBbiv nocnegHumn
Bant B1 |BO(LSB)| B3 B2 | B5 | B4 |B7(MSB) B6

3.4 YteHue/3anUChb TEKYLMX M HACTPOEYHbIX NApaMeTpoB

UrteHme/3anucb TEKyLIMX W HACTPOEYHbIX MNapameTpoB MNPOM3BOAMTCS NPU  MOMOLLM
PYHKUMIA YTeHus/3anncu pernctpoB (yHkummn YteHns 0x03, 0x04, dyHkuum 3anuckn 0x06,
0x10). MapameTpbl, 4OCTYMNHbIE TONBKO HA YTEHUE, MOTYT BbIThb NPOYUTaHbI TONBLKO YHKLMEN
0x04. MNapameTpbl, AOCTYMHbLIE KAaK HA YTEHWE, TaK WU Ha 3anucb, MOryT GbiTe NPOYUTaHbI
obeumun pyHKUMAMKM NO OAMHAKOBLIM agpecam. PacnpegeneHue nepemMeHHbIX B afpecHOM
NpOCTPaHCTBE ONMcaHo B pasaene Kapta nepeMeHHbIX.

3.5 OpraHuzaumsa apXMBOB U CHMTbLIBaAHUE apPXUBHbIX AAHHbIX

lMpnbop copepXnT apxvBbl CrieayLwmMx TUMNOoB:
e CobbITUA;
e MwuWHYTHbIN apxwuB;
e YacoBow apxus;
e CyTOYHbLIN apxuB;
ApXu1BbI UMEIOT KOMbLLEBYIO CTPYKTYPY, T.€. NPU NONHOM 3an0oNHEHUW apXuBa HOBLIE 3anncK
NULLIYTCSA HAa MECTO CaMbiX CTapblX.

ApxuBbl XpaHATcsA B npubope B Buae dannos. Kaxabin chann coaepxuT geckpunTtop danna
(B nepBou 3anucu), a Takke 3anucu, NpeacTaenAlwme 0gHO cobbiTue UM OguH «BPEMEHHOW
cpe3» AaHHbIX. [INA YTeHWs COAepKMMOro apXMBOB UCNONb3yeTca YHKUNA YTeHna annos
(dbyHKUMs 0x14).

Kaxabin dpann B nepson 3anucu (Homep 0) xpaHut aeckpuntop danna. OctansHbie 3anucu
npeacTaBnNAlT AaHHble hanna. Jeckpuntop danna CoaepxuT:

¢ [lnuHa nepBow 3anucw (onuHa geckpuntopa, 2 baura);
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Tun nepsow 3anuck (Tun geckpuntopa, 2 6aiTa, Bceraa paseH 1);

[nuHa danna B konu4ecTBe 3anucen (bes ydeta nepeou 3anucu, 2 bauta);
[nuHa kaxxpgow 3anucu (kpome nepsoin 3anucu, 2 6anta);

Tun cogepxnmoro cpavina (2 6anta). MoxeTt npuHumMaTh 3HaveHus: 4 — chann
cobbiTvi, 3 nu 5 — ann n3amMepuTenbLHOro apxnsa (MUHYTHBIA, YACOBOW UMK
CYTOYHbIN).

Anroputm goctyna kK cdannam:
1. YreHue 3anucu c Homepom 0 n3 channa c Homepom 1 (nonyyeHwe geckpuntopa
¢arina). Ecnu npubop BepHyn owmnbKy ¢ KOAOM 2, 3Ha4uT, dainos bonsLue
HeT;
2. AHanus geckpunTtopa Ha npeaMeT ONMHbI OCHOBHbIX 3anuUceir U ANuHbl anna;
3. YUrteHue ocTaBlUMXCA 3anvcen danna u ux MHTepnpeTaums;
4. TloeTopeHue nyHkToB 1-3 onsa cnegyrowero ganna.

Kaxxpgas apxuBHasa 3anuck, HE3aBMCUMMO OT TUNa darina, UMeeT cneayoLLy CTPYKTYpY:

e Homep 3anucu. CHeTHUK, KOTOPLIA YBENUYMBAETCA Ha eANHULY NpyU POpMUPOBaHUN
HOBOW 3anuMcu BHYTpU aaHHoro danna. Mmeet tun unsigned __int64;

e Maccus 13 52 6ant. B HeM pasmelaetcs CTPyKTypa AaHHbIX apXMBHOW 3anucu (CMm.
WHTepnpeTaums apxveoB);

¢ KoHTponkbHas cymma 3anucu. Mimeet Tun unsigned long n paccyntbiBaeTcs no
anroputmy Crc32 (Mpoeepka LeNnoCTHOCTU AaHHbIX AOMKHA BbINOMNHATLCA HA4 BCEM
Bbrnokom gaHHbIX AnuHOW 64 BanTa BKMHOYAA KOHTPOMNbHYK CyMMY. @YHKUWA NPOBEPKK
KOHTPOMbHOW cyMMbl B [MpunoxeHun 4).

AJ'IFODMTM ONTUMWU3NPOBaHHOIO CHNTbIBAHWA apXvBa NpuBeaeH B anHO)KBHMM 6.

3.5.1 Uumepnpemayusi MUHYMHO20, 4aCO8020 U CYMOYHO20 apXUE0e

MuHyTHBI apxuB BeaeTcsl Bceraa. YacoBow M CyTOYHBLIN apXmBbl BEAYTCA:

e ansa npubopos c Bepcuein N0 3.07 ToNbKO Npy HANNM4YMM YacoB pearnbHOro BPEMEHN;
e ansa npmbopos ¢ Bepcuen MO 3.12 - Bceraa.

Hanuumne 4acoB peanbHOro BpeMeHWM MOXHO onpefenuTb Mo 3Ha4YeHUo NepemMeHHOM
«Peructp coctosiHus npubopa» (cMm. Kapta nepeMeHHbIx).

MuHYTHBIA apxuB xpaHuTcA B danne Homep 6, Yacosoi B channe HoMep 7, CYTOYHbIA B
tarine Homep 8.

Heobxogumo npouutate Bce 3anucu danna, BbiICTPOUTb MX MO MPU3HaKy HapacTaHud
3HaveHus nona «Homep 3anucu» U UHTEpNpeTUpoBaThb TE 3anucu, Y KOTOPbIX CXOAWUTCH
KOHTpONbHasA cymma.

ApxuBHas 3anucb COOAEPXUT crneayolme nons:

e VWHTerpancHoe BpemMs HapaboTku Ha MomeHT 3anucu (MuHyT). Tun unsigned long;

¢ [lokasaHus YacoB peanLHOro BpeMeHn Ha MOMEHT apxmMBupoBaHus. Ecnu nnata He
WMEET 4YacoB peanbHOro BPEeMeHW, TO aHanu3vpoBaTb AAHHOE Nnone He cneagyer.
3HayeHne npeacTaBneHo B BuvAae maccuBa unsigned char u3 6-TM anemeHTOoB.
Kaxapih 6anT copgepxut 4dmucno B cdopmate BCD (dyHkumn npeobpazoBaHus
npeacrtaenexsl B MNpunoxeHun 5). MNMopsgok cnegoBaHWsA: cekyHOaa, MUHYTa, Yac,
AeHb, Mecsl, rog,;

e WHTerpancHoe 3HayeHne V+ (m3). Tun double;

e WHterpansHoe 3Ha4yeHue V- (m3). Tun double;

¢ MrHOBEHHOE 3Ha4yeHue pacxofa Ha MOMEHT apxusuposaHmus (M>3/4). Tun float;
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Kogpl owwmbok. Tun unsigned long. Kogpel owmMbok 1 HanmeHoBaHWA OLMBOK ONncaHbl
B PYKOBOACTBE MO 3Kcnnyatauum Ha npubop. Mnagwwe 12 6ut (bwtbl 0-11) xpaHart
onucaHwe camon cepbe3Hoin owmnbkn 3a MHTepsan apxueuposaHua. MNpr aTom BUTLI
0-7 xpaHAT 3HayeHue owwnbku, Butel 8-11 — pacwwupenve owwubkn. HeHynesoe
3HayeHwe B Butax 0-7 o3HayaeT Hanuuve owmbkun. B cnyyae Hanuuua owmnbku
crnegyeT npoaHanu3vpoBaThk pacwupeHve owwubku (6utel 8-11). Kog owmnbku
pomkeH OblTb npeactasneH B Buae «X.Y», roge X - 3HadeHue owunbKu B
lWwecTHaguaTepu4yHoM  npeactaeneHun, Y - paclwuvpeHne  owubkn B
LecTHaguaTepu4HoOM npeacraeneHun. Ecnu pacwmperune owmndkun pasHo 0, To Koa
owunbKM npegcTaBnAeTCca TONLKO 3Ha4YeHueM owmnbku B Buae «X». Ctapwme 2 6anta
(Butbl 16-31) xpaHAT npu3Haku Hanuums ownbok u chnarm coctoaHuA npubopa.
YCTaHOBMNEHHbIM BUT O3Ha4aeT Hanuune oWwubKW unu ycTaHoBNEHHoro dnara.
B0o3MOXHbI coveTaHus cneayowmux 3HaYeHni:

o (0x00000001 << 30) — gormkeH oTobpaxaTbes Kak « RTC»;
(0x00000001 << 29) — pormkeH oTobpaxaTtbes kak «MG»;
(0x00000001 << 28) — pomkeH oTobpaxaTbes Kak « W»;
(0x00000001 << 27) — gormkeH oTobpaxaTtbes Kak «IN»;
(0x00000001 << 26) — gomkeH oTobpaxaTbcs Kak «IC»;
(0x00000001 << 25) — pomkeH oTobpaxaTtbes kak «MX»;
(0x00000001 << 24) — pomkeH oTobpaxaTtbcs kak « OF »;
(0x00000001 << 20) — gomkeH oTobpaxaTtbes kak «GR»;
(0x00000001 << 19) — pomkeH oTobpaxaTbcs kKak « WC»;
(0x00000001 << 18) — pomkeH oTobpaxaTtbes kak «FR»;
(0x00000001 << 17) — pomkeH oTobpaxaTbcs Kak « RR»;

o (0x00000001 << 16) — gorkeH oToBpaxaTbes Kak «K».
WHTerpansHoe Bpems HapaboTkM Npu owmnbKax Ha MOMEHT 3anvucu (MUHYT). Tun
unsigned long;
MuHumMansHoe 3Ha4YeHne pacxoda 3a UHTepsan apxumeuposaHus (m3/4). Tun float;
MakcvumansbHoe 3Ha4YeHWe pacxoaa 3a UHTepean apxusmposaHus (m3/4). Tun float;
ConpotueneHue xugkoctu (KOm). Tun float. MpucyTcTBYET TONBLKO B apXWBHOW
3anucu Tuna 5 (cMm. onucaHue geckpunTtopa canna).

oo o0 00 00 00 0

3.5.2 Unmepnpemayus apxuea cobbimuli

ApxuB cobbITU MOKET cogepxaTb bonee ogHoro thavna. lNoatomy cnegyer npountaTth BCe
3anucu Bcex pawvnoB apxuBa COBbITUI. 3aTeM 3anvcK, Yy KOTOPbIX CXOAWTCA KOHTPONbHas
CymMMa OTCOPTUMPOBAaTb MO BPEMEHW M 3aTEM MHTEPNPETUPOBATD.

ApxyBHas 3anucb COOAEPXUT cneaytolme nons:

Tun cobeitna. Tun unsigned char. OnpepenseT TWn npounsoweawero cobblTus.
MoxeT npuHUMaThL cneayoLmne 3Ha4YeHUs:

o 0x00 - HeT cobbiTus;
0x02 — NameHeHne napameTpa;
0x03 — Bkn. nutaHus;
0x04 — Nepesanyck;
0x10 - OwwubKa cTeka;
0x11 — Owmbka namepeHus;
0x12 — Owwmbka 4acos;

o 0x13 - lNepsbin 3anyck;
WHTerpansHoe Bpems HapaboTku Ha MOMEHT 3anucy (MUHYT). Tun unsigned long;
BHelwHss BpemeHHaa meTka. Tun signed long. Npeacrasnset KONUMYECTBO CEKYHA,
npoweawee ot 01.01.1970 00:00:00;
MokasaHuA Yacos peansLHOro BpeMeHn Ha MOMEHT apxusuMpoBaHua. Ecnu nnara He
MUMEEeT YacoB peanbHOro BpeMeHW, TO aHanMaupoBaTb AaHHOe Mnorne He cnegyer.

o0 00 0
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3HayeHne npeacTaBneHo B BuvAae maccuBa unsigned char u3 6-TM anemeHTOoB.
Kaxapin 6ant cogepxut 4qucno B cdopmate BCD (dyHkumn npeobpazoBaHus
npeacrtaenexsl B MNpunoxeHun 5). MNMopsgok cnegoBaHWsA: cekyHOaa, MUHYTa, Yac,
OeHb, Mecsl, rog;

¢ Twn 3Hayenus. Tun unsigned char. OnpegensieT TMN AaHHbIX 3HAYEHUN, XPaHUMbIX
B nonsax «Ctapoe 3HayeHue» n «Hoeoe 3HayeHue». MoxeT NnpuHuMaTh cnegyowme
3HAYEHUN:

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/Bpems. Maccus u3 6-tm 6ant B dopmarte BCD (cekyHaa, muHyTa,

yac, AeHb, Mecsl, roa).

e Twun nepemenHHon ans cobbiTna «M3ameHeHnve napameTtpax». Tun unsigned short.
Copoepxut 3HavyeHue HavaneHoro agpeca peructpa «Modbus» wameHeHHoro
napamerpa:

e Crapoe 3HadeHune. MaccuB n3 8-mm bant. CogepuTt 3Ha4yeHne B COOTBETCTBUU C
TWUMNOM, yKa3aHHbIM B Nnone «Tun 3Ha4eHns »;

e HoBoe 3HaveHue. MaccuB 13 8-mu 6ant. CogepuT 3Ha4YeHne B COOTBETCTBUM C
TUMNOM, YKa3aHHbIM B none «Tun 3HavyeHus »;

e WpeHtudukartop knoda goctyna. Maccue Tuna unsigned char n3 4-x aneMeHToB;

e Kopabl owwubok. Tun unsigned long. WHTepnpetauus aHanorn4Ha vHTepnpeTaunu
OAHOMMEHHOrO NOMs B MUHYTHOM apXuBE;

e Homep cobuiTna. Tun unsigned long. CHeTYMK, KOTOPLIW YBENUYMBAETCA HA €ANHULY
npyv OpMUPOBaHMM HOBOW 3anncu (CKBO3HasA HyMmepauumsa cobbiTui, obwasn ons Bcex
hainoe apxuea cobbITUM).
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4 KapTa nepeMeHHbIX

Paawme
HassaHune Anpec {ﬁaﬁT)p Tun Ooctyn MpumedaHue
. 0x1701 — Nutepdpnoy PC
Twn npubopa 0 2 unsigned short | R/O | 4-0- Mutepdroy K
. cTaplwvi BanT Bepcus,
Bepcus nporpammbi 1 2 unsigned short | R/O MNaUMii-penaKLs
Mopsigok 6anuTt n cnos 2 unsigned short | R/O |He ucnonbayetcs
. WMHavyupoeate B
CRC npowmeku 4 2 unsigned short | R/O | 0 oryanuatepuuriom suae
Mnagwwia 6uT onpegenset
PerucTp cocTosnms 6 2 unsigned short | R/O |Hanwuue 4acoe peansHoro
npubopa BPEMEHM
Kanubp. koacdhduumeHt A 7 4 float R/O
Kanubp. koadduumeHT B 9 4 float R/O
Mpu aHa4veHun Gonee Hyns
Bepcua meTponoruyeckn pobaenseTcs k
He3Ha4YMMOW 4acTu 11 2 unsigned short | R/O |oToBpaxaemoii Bepcun
nporpaMmmbl’ nporpaMmbl YEpes TOYKY
(3.15.X)
TekyLmin pacxog (M3/4) 100 4 float R/O
WHTepnpeTayusn
. aHanornuHa
Kog owmbku 102 4 unsignedlong | RO\, 4mentomy nomio
MWHYTHOrO apx1ea
Wuterpan V+ (m°) 104 8 double R/O
Wuterpan V- (M%) 108 8 double R/O
Bpems HapaboTku (MuH.) 112 4 unsigned long | R/O
3 . LUenas 4acTe napameTpa ¢
WuTterpan V+ (m°) 182 4 unsigned long | R/O anpecom 104
3 . Lienas 4acTe napameTpa c
WHTterpan V (M ) 184 4 unsigned long R/O anpecom 108
3anuck cbpackiBaeT gOCTyn
. B HoNb. BuToBan macka:
YpoBeHb gocTyna 200 2 unsigned short | R/W 6T 0-PAS: 61T 1-KEY: 2-
JUM
unsigned BaiTil 0..15: cT v
..15: cTpokoBbIiA
ABTOpM3aUMA 201 20 uncsl?;;[; c?]l ;ng R/W AP + METKA BpEMeHU
Mpenen koppekyMn Yacos PaapelueHHble npegenki
410 2 unsigned short | R/O
peansHOro BpeMeHu (cek.) 9 KOpPEeKU1M Yacos
Koppekuns 4acos 411 2 signed short | PAS
peanbHOro BpemeHu (cek.)
yC;'aBKa komnapartopa F1 420 4 float PAS
(m3/4)
YC:;I'aBKa komnaparopa F2 430 4 float PAS
(m3/4)
CeteBow agpec 440 2 unsigned short | PAS
Twn eeixoga F1 500 2 unsigned short | KEY
Twn Bbixoga F2 510 2 unsigned short | KEY
Bec umnyneca (n) 520 4 float KEY
ay (mm) 540 2 unsigned short KEE“JU
Knacc pacxogomepa 550 2 unsigned short KEE"JU Cumeonsel 'A', 'B', 'C", "’
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M%KCMM&J’IbeIM pacxon 560 2 unsigned short KEY+JU
(m°/4) M
CepunHbIn HOMep 570 4 unsigned long KEE"JU
YpOBEHb OTCEYKK 580 4 float KEY**
CekK., MWH., Yac, OeHb,
Yacbl peansHOro BpeMeHu 590 6 unsigned char[6]| KEY |mecsu, ron e dopmaTte
BCD

MNpumeyaHue (*): peann3oBaHo TONbKO B Npubopax, UMEKLUX BEPCUI0 METPONOrM4eCcKu

HEe3Ha4YMMOM 4YacTu nporpaMmmbl He meHee 1.

MNpumeyaHue (**): ypoBeHb OOCTyna K napameTpy «YpoBeHb OTCeuku» Ans npubopos ¢

Bepcuen M0 3.12 KEY+JUM.

MNepemeHHan «PerucTp cocTosiHMA npubopa» CoaepXuT UHMOpMaLMIO O HanNU4yMn Ha
nnate 4acoB peanbHOro BpeMeHW. YCTaHOBNEHHbIV MNaaLwmnin 6UT roBOpuUT O HaNM4YMM 4acoe
Ha nnare.

MNepemerHyto «Koa owmbku» cnegyet MHTEPNPETMPOBAaThb TaK Xe, Kak onvcaHo Ans
OQHOMMEHHOrO MONs MUHYTHOrO apxuea.

MNepemeHHan «YpoBeHb AocTyna» Mo3BONsSET NpoYUTaTh TEKYLUIA YPOBEHb AOCTYyNa K
W3MeHeHuo napameTpoB. Tpy Mnaawmnx 6uta koaMpyloT Hanuymne goctyna. but 0 — PAS, 6ut
1 —KEY, 6ur 2 — JUM.

MepemeHHas «ABTOpM3auua» Heobxoouma ANS nepegadn napons npyv  nonbiTke
n3MeHeHus napameTpa, Tpebytowero goctyna no napon. Ecnu Tekywmii ypoBeHb gocTyna
MeHee ypoBHA PAS, nepea uamMeHeHMEM napamMeTpa CUCTeMa BEPXHEro YPOBHS OOMKHa
BbINOMHUTL 3anNUCb B NepemeHHy «AsTopusauuna». B bantel 0+15 maccmBa aBTOpM3aumm
KONUPYETCA CTPOKOBLIN Naposb (C 3aBepLUaloLLMM HYNEM Ha KOHLE), B NOMe BPEMEHHON METKM
KONUpPYeTCs 3HayYeHne nokanbHoro BpemeHu (B popMaTte KonuyecTsa CekyHa, npoleaLlumx ¢
01.01.1970 00:00:00). lNepemeHHas «ABTOpM3aLMA» [OMMKHA ObITb 3anucaHa eavHbIM
maccueom (20 Gawnr).

MNepemeHHble «Tun Bbixoga Fx» MOryT NpuHMUMaTh 3HAYEHWS:

Pacxon npamoit u obpaTHbii: (0 | (0<<7) | (1<<6) | (1<<5));

Pacxop npsmoit u obpaTHbIi, nHBepcHbI Beixod: (0 | (1<<7) | (1<<B) | (1<<5));
Pacxop npamoi: (0 | (0<<7) | (0<<6) | (1<<H));

Pacxog npsamoin, nHeepcHbln BeixoA: (0 | (1<<7) | (0<<6) | (1<<b));

Pacxop obpatHbiit: (0 | (0<<7) | (1<<6) | (0<<5));

Pacxopn obpaTtHblii, uHBepcHbIM Beixoa: (0 | (1<<7) | (1<<6) | (0<<5));
Komnapartop: (1| (0<<7));

Komnaparop, nieBepcHbiv Beixoq: (1 | (1<<7));

Owwmbka: (2 | (0<<7)).
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NMpunoxeHue 1. PyHKUUA pacyeTa KOHTponbHOM cyMmmbl LRC
MNpumep dyHKUUKM pacyeTa KOHTPONBLHOW CyMMbI Kagpa Ha a3bike CU:

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

}
roe:

e pSrc — ykasaTtens Ha 6ydep, cogepxalumi cooblueHue;
e length — konuyecTBoO BalT AaHHLIX, ANA KOTOpLIX TpebyeTca npondeectu noacyeT LRC.
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MpunoxeHune 2. PyHkuun npeodbpaszoBauua B ASCIl u obpaTHO

Hwxxe npueeaeHbl npumepsl Ha A3bike CU dyHKUniA npeobpasosarusa 3 ASCIl popmara B
OBOWYHbLIA 1 oBpaTHoro npeobpasosaHusa 13 asondHoro B ASCIL.

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

const char BinToChar[le]={

B R L L - ol S L A A

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

unsigned char cb;

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

ca=s*cptrt+;

choc=4;
if((ca »= '0') && (ca <= '9') || (ca »>= "K'} && (ca <= 'F'}}
ch|=CharToBin[ca-0x30];
else
return(0) ;
!
*bptr=cb;
return{l) ;
}
roe:

e cpir — ykasatenb Ha Bydep, cogepxawmin cumeonel ASCII;
bprt - ykasatens Ha Bydep, Kyga 3anuceiBaroTCa gBOUYHbIE BANTI.

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

unsigned char ch;

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

e bptr — ykasarens Ha Bydep, cogepxawmin ABONYHbIE BanThl;
e cprt - ykazatenb Ha Bydep, kyaa sanuceiBatotca cumeonbsl ASCII.
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Mpunoxexnue 3. Koaobl owwnboK, BO3BpawaemMmblie npudopom

0 - HeT oWKBOoK;

1 - HegonycTMas PyHKUMS;

2 - HeQONYCTUMbIA aapec B 3anpoce;

3 - HepONYCTUMbIE 3HAYEHUA B NOME AaHHbIX 3anpoca;

4 — HenonpaeuMas ownbKa BO3HMKIA BO BPEMSA BbINOMHEHMA onepauumm;

5 — nogTBEpX)OEHME BbINONMHEHUSA onepauumu (He NCNonb3yeTcs);

6 - 3anpoc He moxeT BbiTb 06paboTaH celvac, Heo6xoaAMMO NOBTOPUTL 3anNpoC No3gHee;

piterflow.pro-solution.ru | pwf@pro-solution.ru | 8 800 511 88 70



Mutepdnoy OnucaHue npoTokona obmeHa c.21

MpunoxeHune 4. PyHKUMNA pacyeTa KOHTPONbHOMN cyMmMmbl Crc32

tdefine CRC32_Pre() OxFFFFFFFF
tdefine CRC3Z_Pnom() (OxEDEBE320
#define CRC32_XCR[) 0xFFFFFFFF
tdefine CRC32 Check(_C) [_C == 0OxDEBBZ0E3)

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

unsigned long _CRC;

_CRC = CRC32Z Pre();
for (3=0; j < len; Jj++)
_CRC = CRC32 Calc Byte (* ((BYTE*) (pBuf)+3j), CRC);

if (CRC32_Check(_CRC)) {
return 1;
} else {

return 0;

unsigned long CRC3Z Calc Byte(unsigned char _D, unsigned long _C) {

unsigned char _i = 8;
_C *= (_D & DxFF);
do |
if (_C & 1) { _C={(_C»»1)*CRC32Z Pnom(}; } else { _C>»=1; }

} while (--_1i);

return (_C);

piterflow.pro-solution.ru | pwf@pro-solution.ru | 8 800 511 88 70



Mutepdnoy OnucaHue npoTokona obmeHa c.22

NMpunoxeHue 5. PyHKuumn npeobpaszosauma B BCD n obpaTtHo

unsigned char BinByteTcBedByte (unsigned char Sre) |
unsigned char res;
res = (unsigned char) { ((Src/10)<<d)} | (Src % 10) );

return res;

unsigned char BecdByteTcBinByte (unsigned char Sre) |
unsigned char res;
res = (unsigned char) { ((Src>>4) * 10) + (Src & O0=x0£) };

return res;
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Hpunomeuue 6. OnTumuzaumn dnNropuTMma CYHMTbiBaHUA apXUBOB

Joctyn k apxveam npubopa peanu3oBaH yepes cuuTbiBaHue annoe no 3anucam 6e3
BO3MOXXHOCTW yKa3aHUs Xenaemown AaTbl apxXuBHOA 3annucu. 3To npeanonaraeT cYUTbiBaHUE
Bcero aina apxmea LEenuKoOM B KaXgom ceaHce cBasu. [pu perynapHOM CUMTBIBAHWMN apXxuBa
3TO NPUBOAMWT K AONOMNHUTENBHLIM BPEMEHHBIM 3aTpaTam Ha NonyYeHne apxuBHbIX 3anucen,
KOTOpble ObINK NpoYMTaHbl BO BpeMs npeabiayLiMx CeaHcoB CBA3W. [ns 3KOHOMWUU BpEMEHM
CYMTLIBAHMS anropmuTM MOXeT OblTb ONTUMM3NMPOBAH Ha CTOPOHE NporpaMmHoro obecneveHms
BEPXHEr0 YPOBHSA, ECNN OHO UMEET BO3MOXHOCTbL COXPaHATb NPOYUTAHHBIE JAaHHbLIE B KAKOM-
HWByab xpaHunuuie, Hanpumep, 6ase AaHHbIX.

ANropuTM OCHOBaH Ha ToM, 4YTO 6a3a gaHHbIX (B[l) XpaHUT Kak COAEPKUMOE APXUBHLIX
3anvcen, Tak u cnyxebHyo nHdopmaumio o 3anucax (Homep danna u MHOEKC 3anucu, u3
KOTOpbIX 3annck Bkina npoynTaHa).

Ecnu ana paHHoro cdamna B B[] HeT nHhopmMmauum, TO NPON3BOAMTCA CHUTbIBAHME BCEX
nmerwmnxca B npubope 3anuncei. MNpu CUMTEIBAHMM KaXXOO0W 3anncu UMeeT CMbICIN NPOBEpPATL
KOHTPOMNbHY0 cymmy. Npu nocneposaTensHOM HECOBNAAEHMW KOHTPOSBHOM CyMMbl 5 1 6onee
pa3 MOXHO NPeKpaTUTb CYMTLIBAHME AaHHOrO haina, T.K. AaHHAA CUTyaunsl MOXET yKasblBaTb
Ha TO, 4TO haln He 3anonHeH NOMHOCTLI.

Ecnu B[O copgepxut wuHopmMauuio 0 npeabiayliem CHUTbIBAHWUKM, TO Heobxoaumo
NPOW3BECTM CYUTbIBaHWE M3 Npubopa, ykasae Homep haina n MHOEKC 3anucu Takue Xe, Kak B
nocnegHen 3anucu Bf] (T.0. BLINONMHAETCA KOHTPOSNBLHOE CHUTLIBAHWE NOCNEAHEN U3BECTHON
3anvcu).

HecoBnageHne nHKpeMeHTHOro Homepa 3anvcu (Tun unsigned __int64) nnu KOHTPOnNbHOM
CYMMbI NPOYUTAHHON U3 Nprubopa 3anucK ¢ aHanoryHbIMmM nonsimu 3anucu ua B rosoput o
TOM, 4YTO apxvMBHas 3anuncb bbiNa nepenncaHa ¢ MOMEHTA NocnegHero CYMTbIBAHUA (apxue
«3akonbuesancs»). B atom cnyyae cnegyeT NnpouM3BeCTM CYUTBIBAHUE AAHHLIX Tak, kak byaTo
B He coaepxana nHdopmauun 06 apxmse.

B npoTuBHOM cny4ae CYMTbIBAHME [AAHHbLIX BBINOMHAETCHA, HaYMHAA CO chneayloLlen
3anucu. CumTeiBaHME NPOaOMKaeTCs 40 BO3ZHUKHOBEHUS OQHOMO N3 CODLITUIA:

e [lpounTaHbl Bce 3anucu anna;

e [lpounTtaHo 5 unu Gonee 3anucen ¢ HeCoBNagaKLLEN KOHTPONBHON CyMMO;

e [lpounTaHa 3anucb, uUMeKWLWAas 3Ha4YeHWe WHKPEMEHTHONO HOMEpP MeHblue
MakCMManbHOr0  M3BECTHOr0  3HA4YeHWss WHKPEMEHTHOro HoMepa  3anucu
(xpaHsweroca B B[] unu npo4YMTaHHOrO BO BPEMSA TEKYLUEro ceaHca ceA3un). [laHHas

CUTYaLMsa rOBOPMUT O TOM, 4TO NPOYMTAaHA 3annuch, KOTOPas YKe AOMMKHa Haxo4UTbCs
B B.
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NMpunoxeHue 7. PYyHKUUA pacyeTa KOHTPONbHOWU CYMMBbI
Cyclical Redundancy Checking (CRC16)

PacyeT koHTponbHON cymMbl kagpa RTU MoxeT BbINONHATLCA NO cCneayrLemMy anroputmy
(TeKcT Ha A3bike nporpamMmupoBaHnsa CU):

WORD Crclé (BYTE *Data, ULONG size) |
union
{BYTE b[2]; unsigned short w;} Sum;
char shift_cnt;
EYTE *ptrEBEyte;

ULONG by:e_cnt = gize;

ptrByte=Data;
Sum.w=0xf£££U;
for(; bytE_:nt)G: by:e_cnt-—)
Sum.w= (unsigned short) ((Sum.w/256U) *256U+ ( (Sum.w%256U) " (*ptrByte++)]);
for(shift _cnt=0; shift ecnt<B; shift_ cnt++)
if((Sum.walxl)==1}
Sum.w= (unsigned short) { (Sum.w>>1)*0xad0lu);
else

Sum.w>>=1;

}

return Sum.w;

MNycTb kakoe-nubo coobeHune, umerowero anuHy N, sanucaHo B maccuse Data[N+2] tuna
unsigned char. Toraa ansa aToro coobuleHUA KOHTPONbHYK CyMMy cnegyeT popMupoBaTb
cneayowmm obpasom:

WORD CheckSumm = Crcl6(Data, MN);
Data [N] = CheckSumm;

Data|[N+1] = CheckSumm>>8§;
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Mo Bonpocam npoaaxk U noanep>Xku odbpawanTecs:

AcTpaxaHb +7 (851) 299-46-80
BapHayn +7 (385) 237-96-76
Benropop +7 (472) 220-58-80
Bnapumup +7 (492) 249-51-33
Bonrorpan +7 (844) 245-94-42
ExkaTtepuHbypr +7 (343) 302-14-75
Wxesck +7 (341) 220-90-75
KasaHnb +7 (843) 207-19-05
KanwuauHrpap +7 (401) 272-21-36

KemepogBo +7 (384) 221-56-70

Kupoe +7 (833) 220-58-70
KpacHopap +7 (861) 238-86-59
KpacHosapck +7 (391) 989-82-67
Kypck +7 (471) 223-80-45
Jiuneuk +7 (474) 220-01-75

Mockea +7 (499) 404-24-72

Habepe>xHbie YesnHbl +7 (855) 291-01-32

Hwu>xHun Hoeropop, +7 (831) 200-34-65

Hoeocubupck +7 (383) 235-95-48

Omck +7 (381) 299-16-70

Openbypr +7 (353) 248-64-35

Mepmb +7 (342) 233-81-65
Poctoe-Ha-[oHy +7 (863) 309-14-65
Paszanb +7 (491) 277-61-95

Camapa +7 (846) 219-28-25
CaHkT-lNMeTepbypr +7 (812) 660-57-09
CapaToB +7 (845) 239-86-35
CmoneHck +7 (481) 251-55-32
Craspononb +7 (865) 257-76-63

CypryT +7 (346) 277-96-35

TenedoH: 8 800 511 88 70

Teepb +7 (482) 239-50-56
Tyna +7 (487) 244-05-30
TioMmeHb +7 (345) 256-94-75
YnbAHOBCK +7 (842) 242-51-95
Vda +7 (347) 258-82-65
XabapoBck +7 (421) 292-95-69
Yebokcapbl +7 (835) 228-50-89
YenabuHck +7 (351) 277-89-65

fipocnaenb +7 (485) 267-02-35

canT: piterflow.pro-solution.ru | an. no4Ta: pwf@pro-solution.ru

Poccus, KasaxcTaH u gpyrue ctpaHbl TC goctaBka B itobo ropon



