IMPOTOKOJ MODBUS
1.0IMMCAHHME ITPOTOKOJIA

JlaHHBI ~ JIOKYMEHT SBISETCS COKpAlleHHbIM TEpeBOJAOM OMMCaHUS CTaHAApPTHOTO
npotokoia MODBUS ¢upmber MODICON GOULD. UcxoaHblii TEKCT Ha AHTJIUHCKOM SI3bIKE
MoxcHO nostyuuTh o URL: http://www.modicon.com/techpubs/toc7.html.

Cnenyer 0cob0 OTMETHTh W3MEHeHUs B omnucaHud ¢yHkuuu 17. Cnucok mnapameTpoB
npubopa, MoJyyaeMblii ¢ MOMOILIBIO JaHHON (PYHKIMH, OTINYAETCS OT CTaHJapTHOTO.

1.1 OBIIIME CBEJIEHWA

[TpoTokon HeoOxomumas YacTh paboTel cucteMbl. OH ompenenseT kak Master (MS)u Slave
(SL) ycranaBnuBarOT M MpepbIBAlOT KOHTAKT, KaK WACHTU(PHULMPYIOTCS OTIPABUTENb U MOJTyYaTellb,
KakuM o0pa3oM MpOUCXOAUT OOMEH COOOLICHUAMM, Kak OOHapyxkuBaroTcs omnOku. IIpoTokon
ynpaBJisieT LMKJIOM 3arpoca U OTBETa, KOTOPbIH MPOUCXOIUT MexXy ycTpoiictBamu MS u SL, kak
MOKa3aHO Ha PUCYHKE.

Master Slave
SL ampec SL ampec
Konm QyHKLUMM Kon o¢yHKUMMK
IaHHBIE ITaHHBIE
KoHnTpoJsibHa4d ) KoHnrpoJsbHada
CyMMa cyMMa

[TpoTokon mojapa3zymeBaeT Ha oOuiel muHe oauH MS u o 247 SL. XoTs mpoTokoa u
nojaepxxkuaer a0 247 SL, HekoTopbie MPUOOPHI OTpaHMUYMBAIOT 4yMciao SL, moakmoyaeMbix K
obwedt mwuHe. Hampumep, npaiiBep wWUHBI pacxogomepa-cuetunka YPCB-10M nosBonser
MOJIKJTFOYMTh K OJTHOMY CerMEHTY JABYXNpoBoaHOM JuHuu RS485vakcumym 32 npubopa. Kaxxaomy
SL npucBoeH yHUKaNbHBIN aipec YCTPOKCTBa B quana3one oT 1 10 247.

Tonabko MS MoxeT MHUMUMMPOBATH TpaH3akuuio. TpaH3akuuu ObIBalOT JKOO THUMA
3anpoc/oTBeT (ampecyeTcsl ToJlbKo oauH SL), 100 mupokoBeniareibHbie/0e3 oTBeTa (agpecyroTcs
Bce SL). TpaHzakuus coIep>KMT OAWMH KaJap 3ampoca W OAMH Kajap OTBeTa, JUOO OAMH Kajp
LIMPOKOBELIATEILHOrO 3arpoca.

HexoTopeie xapaxktepuctuku mpotokoida Modbus ¢ukcupoBansl. K otHocsTes dopmar
Kajpa, Mocie0BaTelbHOCTh KaapoB, 00paboTka OWIMOOK KOMMYHMKALIMKM W MCKIHOUUTENbHBIX
CUTYyalMid, ¥ BBIMOJHEHUE QYyHKLMA.

Jlpyrue XapakTepuCTHKHM BbIOMparOTCs Mnosib3oBareneM. K HMM OTHOCATCA TUN CpelIcTBa
CBSI3U, CKOPOCTh OOMEHa, MPOBepKa Ha YeTHOCTh, YUCIIO CTOMOBBIX OUT, u pexum nepenaun (ASCII
wmn  RTU). [lapametpsl, BbiOMpaeMble TOJNB30BaTeNieM, YCTAHABIMBAIOTCA (armapaTHO WM
NpPOrpaMMHO) Ha KaXJI0¥ CTaHIMU. DT MapaMeTpbl He MOTYT ObITh M3MEHEHBI BO BpeMs paboThI
CUCTEMBI.



[lpu mepenaye Mo JMHUAM JAaHHBIX, COOOLIEHHS MOMELIAIOTCA B «KOHBEpT». «KOHBEpT»
MOKUJAeT YCTPONCTBO 4Yepe3 «IopT» U <«IIepechliaeTcs» MO JHUHHUAM aJpecyeMOMY YCTPOMCTBY.
[Tporokon Modbus onuceiBaeT «koHBepT» B (opme kaapoB coobinenuii. Mupopmanus B
cooOlIeHNU MpeacTaBiseT aapec Tpedyemoro moijyyaress, YTO TMojydaTellb JOJDKEH cJenarh,
JlaHHbIE, HE0OXOAUMBIE /7Sl BBIMIONIHEHHS ATOTO, U MEXaHW3M KOHTPOJISl JOCTOBEPHOCTH.

Korga coobuenue nocturaetr uHrepdeiica SL, oHO momagaeT B aapecyemMoe YCTPOWMCTBO
yepes MOX0XKUH «opT». AapecyeMoe yCTPOICTBO BCKPhIBAE€T KOHBEPT, UATAET COOOLICHHUE, U, e
HE BO3HMKJIO OIIMOOK, BBIMIOJNHAET TpeOyemMylo 3ajadyy. 3aTeM OHO MOMELIaeT B KOHBEPT OTBETHOE
coo0lIeHHe U MOChITAaeT ero «oTnpaBuTeto». MHpopManus B 0OTBETHOM COOOLICHUHU NPEACTaBIseT
co0oii aapec agpecyeMoro yCTpoicTBa, BBITIOJIHEHHYO 3a]auy, JaHHbIe, OJY4YeHHbIE B pe3yJIbTaTe
BBITIOJIHEHUSI 3aJaud, M MEXaHW3M KOHTpoJid JOoCTOBepHOCTH. Ecau cooluienue OblIo
mupokoBenateibHbiM (cooOmenue aias Bcex SL), Ha urto ykaswiBaeT agpec O, TO OTBeTHOe
coo0lieHne He TnepenaeTcs.

B GonbimnHcTBe ciyuyasx, MS noceinaer cneayromiee coodienue apyromy SL nubo mocne
npueMa KOPPEKTHOTO OTBETHOTO COOOIIeHUs, JIMOO TMocie MPOXOXKICHUS OMpeesIeHHOTO
NOJIb30BaTE/IEM HWHTEpBajia BPEMEHM, €CJIM OTBETHOE coolOlleHre He Obll mnosiydeHo. Bcee
COOOIIEHUsT MOTYT PaccMaTPUBATLCS KakK 3aMpoChl, FeHEPUPYIOIINE OTBETHbIE cooOmieHus ot SL.
[IupokoBemiarenbHble COOOLICHUST MOTYT pacCMaTpPUBATBCS Kak 3amlpochkl, He Tpeldyrolue
OTBETHBIX CO00IIEeHMit OT SL.

1.2.PEXXUMBI [IEPEJTAYUU

PexxumM mepenayu onpeiensier CTpyKTypy OT/AENbHBIX 0JI0KOB MH(OpPMAIIMK B COOOIIEHUN U
CHCTEMbI CUMCJICHUS, UCTIONB3YEMYIO JUIsl nepeaaun aaHHbiX. B cucteme Modbuscymiectyior nBa
pexxuma nepenaun. Oba pexuma 00ecrnevyrBalT OJMHAKOBYIO COBMECTUMOCTh MPH CBs3M ¢ SL.
Pexxum BbIOMpaeTcs B 3aBUCMMOCTH OT 00OpyaoBaHuMs, Ucnosb3yeMoro kak Master Modbus/]lns
Kax0i cuctembl MOADUS 10/KeH MCMOJTb30BaThCs TONBKO OJUH peskuM. CMelMBaHUe PeXUMOB
He 103BosinTeNbHO. Pexxumebl nensates Ha ASCI u RTU (Remote Terminal Unit).

Ta6nuual
Xapakrepuctuku pesxxumoB ASCllu RTU

XapaKTepucTrka ASCII (7-6ur) RTU(8-6ur)

Cucrema koaupoBanus | Mcnonbsyrores ASCII 8-OuroBas 1BOMYHAs
cumBouisl 0-9,A-F cucrema

Yucyio GUT Ha CUMBOJI

CrtapToBbl€ OUTHI 1 1

butel nanneix (LSB 7 8

BIiepe)

YeTHOCTh Bx1./Beiki. Bx1./Boikit.

CromnoBbie OUTHI 1 um 2 lumm 2

Kontponbhas cymma LRC (Longitudinal CRC (Cyclical Redundanc

Redundancy Check). LRC| Check). CRC 16

CumBosibl ASCIl ynoOHee Mcoib30BaTh MPH OTJIAJAKe, MOATOMY 3TOT PEXKUM ymoOeH s
KOMIMBIOTEPOB, MPOrpaMMUPYEMBIX Ha si3bIKe BbICOKOTO ypoBHs, Harnpumep, FORTRAN. Pexum
RTU noaxoaut Ajs KOMIBIOTEPOB, MPOrpaMMHUPYEMbIX Ha MAlIMHHBIX S3bIKAX.

B pexxume RTU nannble mepenatoTcs B BUIE 8-MM paspsaIHbIX JBOMYHBIX CHMBOJIOB. B
pexxume ASCII kaxapiii RTU cumBoI cHavana aeauTes Ha aBe 4-X pas3psiiHbIX YacTh (CTapiuuit u



MIIQJINIMI), TEPEeBOJUTCS B CBOM IIECTHAJLIATEPUYHbIM DKBUBAJCHT W 3aTeM HCIMOJb3yeTcs B
co3aanuu coodmenus. ASCII pexxum ucrosib3yeT B iBa pasza 6oJibiiie cuMBoJIoB, ueM RTU pexum,
HO JEKOAMpOBaHWE W yMpaBlieHHe NaHHbIMU - jerde. K Tomy xe, B pexxume RTU cumBosbl
cooOlIeHUsT JOJIKHBI MepenaBaThbesi HempepbiBHBIM mnoTokoM. B pexume ASCII momyctuma
3ajiepkka 10 1 ceKyHabl Mex 1y IBYMS COCETHUMU CUMBOJIAMMU.

1.30BHAPYXEHHWE OLLIMBOK

CylecTByeT /1Ba TUIa OIMIMOOK, KOTOPbIE MOTYT BO3HHMKATh B CHUCTEMaX CBS3U. OLIMOKHU
nepefiaud W TMpOrpaMMHble WM onepaTvBHble omuOku. Cucrema Modbus umeer crnocoObl
onpeeneHus KaXJ0ro TUa OMIHOOK.

OmubKu cBsI3M OOBIYHO 3aKIIOUAIOTCS B U3MEHEHUU OuTa minu Out coobuienus. Hampumep,
6aiir 0001 0100moxet u3amenutbes Ha 0001 0110.0mmbOKu CBA3M BBIABISIOTCS MPU TMOMOIIU
CUMBOJIA KaJpa, KOHTPOJISI 110 YETHOCTH U M30BITOUHBIM KOJMPOBAHHUEM.

Korna o6HapyxuBaercsi ommOKa KaJApUpOBAaHUS, YETHOCTU U KOHTPOJILHOH CYyMMBI,
00paboTka coolIieHus npekparaeTcs. SL He Jo/bKeH reHepupoBaTh oTBeTHOE coobenue. (Tot xe
pe3yJIbTaT IOCTUraeTcs eciiv ObLT UCTI0NB30BaH aJpec HecyllecTBytomero SL).

Ecnu Bo3HukaeT onOKa CBsI3M, JaHHbIE COOOLIEHUS HeHale)KHbl. Y cTpoiicTBO SL He MoxkeT
C YBEPEHHOCTBIO OMPENENNUTh, YTO COOOIIeHHe ObLIO aapecoBaHO MMeHHO emy. Muaue SL moxer
OTBETUTH COOOIIEHWEM, KOTOpOE He SIBISETCS OTBETOM Ha MCXOJHBINA 3ampoc. YcrpoiictBo MS
JOJKHO MPOrpaMMHUPOBATHLCS TaK, YTOOBI B clyyae He MOJy4yeHHs OTBETHOTO COOOIIEHUs B T€UEHUE
omnpeneneHHoro BpeMenu, MS nomkeH ¢ukcupoBath omMOKY cBs3H. [IpoJOMKUTENEHOCTh 3TOTO
BpPEMEHM 3aBHCUT OT CKOPOCTH OOMEHa, Tumna coollueHus, 1 BpemeHu omnpoca SL. [To ucreueHuro
3TOro nepuoja, MS nomkeH ObITh 3aMPOrpaMMHUPOBAH Ha PETPAHCIALUIO COOOLEHHUS.

Ob6a pexuma nepemaur, RTU wu ASCIl, mMoryr Bkmoyarb B ¢opmMaT CUMBOJA
JIOTNIOJIHUTEIbHBINA OMT YeTHOCTH. B pesxume RTU 310 neBsThIi OUT B moJie AaHHBIX (8 OMT JaHHBIX
u out dyetHoctH). B pexxume ASCII 310 BocbMOi OMT gaHHBIX (7 OUT JAQHHBIX M OUT YETHOCTH).
Ecnu KOHTpOJb 4EeTHOCTH HE MCMOJb3yeTcs, OUT 4YeTHOCTH He mepejaaercsi. Bee ycTpoiicTBa B
cucTeMe JOJKHBI ObITh CKOHOUTYpUPOBAHbBI OMHAKOBO.

KoHTposib YeTHOCTH MOXEeT OMNpeAesuTh TOJbKO W3MEHEHHWE OJHOro OuTa B CHUMBOJIE.
M3meHeHue 1ByX OMTOB B CUMBOJIE KOHTPOJIb YUETHOCTH OMpPEETUTh HE B COCTOSIHUU.

Jlns obGecrieueHusi KauecTBa mepeaayn AaHHbIX cuctema ModbusobecrieunBaeT HECKOJIBKO
ypoBHell 0oOHapyxkeHusi owmuOok. Jlns oOHapy)XeHUs] MHOKECTBEHHOIO HW3MEHEeHUs OWTOB
cooOIIeHUsT cucTeMa ucnosib3yeT u30biTouHblii kKoHTposib: CRC u LRC. Kakoit koHTpoIb
UCTOJIb30BaTh 3aBUCHUT OT pexxuma nepeaaun. RTU ucnonszyer CRC,a ASCII ucnoassyer LRC.
Pacuer CRCu LRC onucan Huxe. O6Hapyxenue ommbok ¢ nomoipto CRCu LRC Beinonnsercs
aBTOMAaTHUYECKH.

1.3.1.CRC-16 (Cyclic Redundancy Check)

CooGOmmenne (TonbKO OWTHI JaHHBIX, 0€3 y4yeTa CTapT/CTOMOBBIX OMT WM OUT UYETHOCTH)
paccMaTpUBalOTCS Kak OJIHO MOCIIeI0BaTeIbHOE ABOMYHOE YMCIIO, Y KOTOPOTO CTapIluil 3HavYaluii
o6ut(MSB) nepenaetcs HEpEBBIM. Coobmenne ymMHOXkaetcs Ha X' ° (caBuraercs BieBo Ha 16 6ut), a
3aTeM jeuTcst Ha X o+ X>+X%+1, BeiparkkaeMoe Kak gBonuHoe urcio (11000000000000101)enas
4acTb  pe3ylbTata  WrHopupyercs, a  16<u  OuTHbBIE  ocTtaToKk  (MpeaBapuUTETBHO
VMHUIMATM3MPOBAaHHBIN eMHULIAMH JUISl TIPEIOTBpAIleHHs Cily4asi, KOTJa BCe COOOILIEHHE COCTOUT



U3 Hyseit) no0aBiseTcss K cooOLIeHHIo (CTapimiuM OMTOM Brepel) Kak JBa OaiiTa KOHTPOJBHOM
cymmbl. [lonydyenHoe cooGuienue, Bkmoudarouiee CRC, 3aTeM B NpueMHHKE AETUTCS Ha TOT XKe
nomueom (X *+X™+X%+1). Ecan ommn6ok He GbINO, OCTATOK OT ACNCHHS NOJIKEH MOMYUHTCS
HyneBbIM. ([IpuemHoe yctpoiictBo Moxker paccuutath CRC u cpaBHUTH ee ¢ mepenaHHoi). Bes
apuQMeTHKa BBITIOJIHACTCS 10 Moyt 2 (0e3 nepeHoca).

VeTpoiicTBO, MCTONb3yeMoe /s MOJArOTOBKM AAHHBIX JAJs Mepejayud, MOChUIaeT yCJIOBHO
camblit paBelii (LSB) 6ut kaxxporo cumBoda nepsbiM. [Ipu pacyere CRC, nepBblii nepenaBaemblii
o6uT, onpeneneH kak MSB nenumoro. Tak kak apudmeTnka He MCMOJB3YET NMEpeHoC, Ui y100cTBa
pacuera CRC MOXXHO NpeanosoxuTh, yto MSB pacnonioxken cnpasa. [loatomy nopsjaok 6ut npu
pacyeTe NoJMHOMA J0JIKEH ObITh peBepcUBHbIM. MSB mnosnHoMa onyckaercs, Tak Kak OH BJIMSET
TOJILKO Ha JIeNTUTeNb, @ He Ha ocTatok. B pesynbrare nmomyuaercs 1010 0000 0000 000AQO0IH).
3ameThbTe, UTO 3Ta PEBEPCUBHOCTH MOpsAaKa OUT, B ITOOOM ciiydae, HE BIMSET Ha WHTEPIPETALIHIO
WK TOpAJ0K OUT OalT naHHbIX npu Beluncaenun CRC.

[Towmarosas npouenypa pacuera CRC-16npeacraBnena Huxe:

1. 3arpy3utb 16-Tu pa3psaHblit peructp uuciom FFFFH.

2. Boinonnuts onepauuio XOR Hajx nepBbiM 0allTOM AaHHBIX M CTapliuM OalTOM
peructpa.
[TomecTuTh pe3ynbTar B peructp.

3. CIBHHYTb PEruCTp Ha OJMH pa3ps]l BIPaso.

4, Ecnu BbiABUHYTHI BHpaBo OWT enuHUIlA, BBINOAHUTH onepauuto XOR mexmy
peructpom u noauaomom 1010 0000 0000 000 QO01H).

5. Ecnu BbIABUHYTBIN OUT HOJb, BEpHYThCS B LIary 3.

6. [ToBTopsTh 1ark 3 1 4 10 TeX Mop, rnoka He OyayT BINOJHEHbI 8 CABUIOB PErUCTpa.

7. Boeinonnuts onepanuio XOR Hax cieayromum 6aiTOM JaHHBIX U PETHCTPOM.

8. [ToBTopsTh Wwaru 3-7 10 Tex mop, noka He OynyT BbimonHeHa omnepauus XOR Han
BCeMHU OalTaMu JaHHBIX U PETUCTPOM.

9. ConepxxuMoe peructpa mnpejactaBiser coboii aa Oaiita CRC u nobGamnsercs k

HCXOAHOMY COO6H.I€HI/I}O cTapuinum ouToM BIHICPEA.

Tabnuua 2
ITpumep pacuera CRC nnst coobuienus - uteHue craryca SL ¢ Homepom 02

16-Tu pa3psaHbIi peructp MSB ®Duar
Hckmouarolee 1111 1111 1111 1111
NJIN
02 0000 0010

1111 1111 1111 1101
Capur 1 0111 1111 1111 1110 1
[TonuHom 1010 0000 0000 0001

1101 1111 1111 1111
Cagur 2 0110 1111 1111 1111 1
[TonHoM 1010 0000 0000 0001

1100 1111 1111 1110
Cagur 3 0110 0111 1111 1111
Cagur 4 0011 0011 1111 1111 1
[TonHoM 1010 0000 0000 0001

1001 0011 1111 1110
Casur 5 0100 1001 1111 1111




16-Tu pa3psiaHbIi peructp MSB ®Duar
Caur 6 0010 0100 1111 1111 1
[TonnHom 1010 0000 0000 0001

1000 0100 1111 1110
Cagur 7 0100 0010 0111 1111
Capur 8 0010 0001 0011 1111 1
[TonnHom 1010 0000 0000 0001

1000 0001 0011 1110
07 0000 0111

1000 0001 0011 1001
Capur 1 0100 0000 1001 1100 1
[TonHoM 1010 0000 0000 0001

1110 0000 1001 1101
Capwr 2 0111 0000 0100 1110 1
[TonuHom 1010 0000 0000 0001

1101 0000 0100 1111
Capur 3 0110 1000 0010 0111 1
[TonHoM 1010 0000 0000 0001

1100 1000 0010 0110
Cagur 4 0110 0100 0001 0011
Caur 5 0011 0010 0000 1001 1
[TonHoM 1010 0000 0000 0001

1001 0010 0000 1000
Caur 6 0100 1001 0000 0100
Cagur 7 0010 0100 1000 0010
Capur 8 0001 0010 0100 0001

HEX 12 HEX 41
[lepenaBaemoe cooblieHre ¢ KOHTpoJIbHOM cymMoii CRC-16
(I'pu nepenave coobIIieHNe BbIIBUTaeTCsl BIPABO)
12 41 07 02
0001 0010 0100 0001 0000 0111 0000 0010
IMocnenuuii GuT [Topsinok nepenauu Iepeprii Gur

1.3.2. LRC(Longitudinal Redundancy Check)

Konrposbhas cymma B pexxume ASCII ato LRC. KonTposabHas cymma - 310 8-Mu paspsiiHoe
yucio, nepeaaBaemoe kak nBa ASCIl cumBona (hex). KonrponbHas cymma oOpasyercst myTem
KOHBEPTHPOBaHMS BceX NEX cMMBOJIOB B JBOMYHBIE 4YHMCIA, CIOKEHHMEM 3THX uucen 0e3 ydera
nepeHoca, M BBIYMCIEHUWEM JAOMOJHUTENBHOr0 KojAa MmoJsiydyeHHoro uucia. B npuemuuke LRC
3aHOBO paccuMThIBaeTcsi U cpaBHUBaeTcs ¢ noiydyeHHbiM LRC. I1pu Beiuncnenun LRC apoetoune,
CR, LFu mo6oit npyroii He-ASCII cumBoa orOpackiBaeTcs.

Tabnuua 3
[Tpumep pacuera LRC ajist cooOiieHus - ureHue nepBbix 8-Mu OynieBbIX siueek SL ¢
HoMepoMm 02

Anpec 0|2 0000| 0014

OyHKLMSA 0|1 0000| 0001




Appec niepBoii siueriku (HIGH) 0|0 0000] 000(
Anpec nepBoit sueiiku(LOW) 0|0 0000 000(
Yucno siueek(HIGH) 0|0 0000| 000(
Yucio siueek(LOW) 0|8 + 0000] 100(
0000| 1011
WuBepcu | 1111 | 0100
51
+1 1
1111| 0101
KoHTtposbHas cymma F |5 F 5
[IpuemHoe ycTpOHCTBO CKJIaJbIBaeT BCe 0000 | 0010
OaiiTbl naHHbIX, BKmouyas LRC. Cymma mosxer 0000 | 0001
npeBbIlaTh 8 OUT, B pacyeT MPUHUMAIOTCS 0000 | 0000
TOJILKO MJIajue 8 Our. 0000 | 0000
0000 | 0000
OK 0000 | 1000
K.cymma | 1111|0101
Cymma 0000 | 0000

Kak Obls10 0TMEUEHO B BBEAEHHMHM, MPOTOKOJ OMUCHIBAET MpaBuiia cBs3u mexay MS u SL.
[Tporokon Modbuspa3ouTr 1o Ty KOMMYHHMKALMi, UCTOIB3yEeMbIX B MPOMBIIUIEHHBIX CeTsIX. B
o0mieM, MHTEprpeTanus Mosied B COOOINEHWH HWAGHTHYHA Ui pexkuMoB nepenaun ASCIl u
RTU.(CM. puc. 1-4u 1-5).'naBHOe OTJIMUME 3aK/IIOYAETCS B TUIIE MPOBEPKU KOHTPOJILHON CYMMBI,
BBIMOJIHAEMO#  HaJl cooOlieHueM, U KoTopoe B JBa pasza Oousbiie B pexume ASCIl. Bmecro
nepenaud 80Mu paspsIHOrO IBOMYHOTO CHMMBOJA, MOCHUIAETCS DKBUBAJIEHT B BHUJE Mapbl 7/-MU

paspsaaubix ASCII (0-9,A-F)cumBorios.



1.3.3KanpoBas cunxponusanus B pexxume ASCII

B pexume ASCII nocruraercss MCHoib30BaHUMEM CHMBOJIA JBOETOUYMS ‘', YKa3bIBaIOLIETO
Hayayio Kajpa, U1 cMMBoOJIoB Bo3Bpara kapeTku (CR) u nepeBonma ctpoku (LF), yka3sbiBaromux Ha
KoHell kajgpa. CUMBOJI MepeBo/ia CTPOKH TAKXKe CITY)KUT KaK CUHXPOHU3UPYIOIIUH CUMBOJI, KOTOPBI#
YKa3bIBaeT Ha TO, YTO Mepearolas CTaHIUs TOTOBa ISl IPUeMa OTBETHOT'O COOOIIEHUS.

Tabnuna 4
dopwmar kaapa coobieHus B pexrume ASCII

Hauvano Anpec OyHkuus | JlaHHbIe Kontponbn | EOF | 'oToBHOCT
Kajpa as cymma b MpUeMa
OTBETHOIO
COOOIIEHUS
2 2 N * 4 2cumBoia | CR | LF
CHMBOJIa | CUMBOJIa | CMMBOJIa 16 6ur
16-6ut 16 6ut N * 16 our

1.3.4.Kanposas cuHxpoHusaius B pexume RTU

B pexume RTU moxeT moaaepkuBaThCs TOJbKO MyTeM HMYJIMPOBAHHUS CHUHXPOHHOTO
coobuieHus. IlpuemHoe ycTpoHCTBO OTClekKMBaeT BpeMs MEXIY NPUEeMOM CUMBOJIOB. Eciu
NpoLIIO BpeMsl, paBHOE MepHoay cienoBaHusi 3.5 CUMBOJIOB, a KaJap He OblT 3aBeplieH WK He
MNOCTYMHUJIO HOBOTO CHUMBOJA, YCTPOMCTBO O4YMIAeT Kaap W MpearosiaraeT, uYTo CleIyloLinii
NpUHUMaeMblil 6aliT - 3TO agpec yCTPOWCTBA B HOBOM COOOIIEHHUM.

Tabnuua 5
®dopmar kaapa coolueHus B pexxume RTU
T1T2 Agpe | ®yHKkumn | daHHble | KoHTponbHas T1T2
T3 C A cymma T3
8 6ut | 8 BuUT N *8 16 6ut
ouT
1.4IT10JIE AIIPECA

[Tone ampeca cneayer cpa3y 3a HayaloM Kajpa U COCTOUT UX OJHOr0 8-MU pa3psAHOrO
cumBosia B pexume RTU uin 2-x cumBosio B pexxume ASCII. DT 6UTHl yKa3bIBatOT M0J1b30BATEIO
aapec SL yctpoiicTBa, KOTOpO€e A0KHO MPUHATH COOOLIeHHe, nocnaHHoe MS.

Kaxnapiit SL nomkeH uMeTh YHUKaIbHBIA afpec U TOJbKO aJipecyeMoe YCTPOMCTBO MOKET
OTBETUTb Ha 3ampoc, KOTOpblid coaepkuT ero aapec. Korma SL noceinaer oreer, ajapec SL
uHdopmupyer MS, ¢ kakoit SL Ha cBs3u. B mmpokoBeuiaresbHoM pexume ucnosbsyetcs aapec 0.
Bce SL uHTepnpeTHpytoT Takoe cOoOlIeHHE KaK BbIMOJHEHHE OMNpejeeHHOro AeicTBus, HO 6e3
TIOCBUTKH TIOITBEPIKACHHUS.

1.5.T10JIE ®YHKLIMN



[lone xona QyHKUMM YKasbiBaeT aapecyeMoMmy SL kakoe neiicTBUe BBIMOJHUTH. Kojbl
¢ynkuuii  Modbus cnenmanbHo  paspabotanbl it cBizu [IK M MHIyCTpHabHBIX
KOMMYHHKalMOHHBIX cuctem Modbus.

Crapuiuii OUT 3TOro Mol yCTaHaBlIMBaeTCs B eIuHMIly SL B ciyuae, ecid OH XO4YeT
npocuruaiute MS, 4to oTBeTHOE cooOIIeHHe He HopMmalibHOe. (CMOTpHU ). DTOT GUT ocTaeTcs B
HyJe, ecliM OTBETHOE cOO0IIEHHEe TOBTOPSIET 3aMpoc WK B cllydae HOPMaIbHOTO COOOLICHHUS.



Tabnuua 6

Koapl pynkumii Modbus

Kon

Ha3Banue

HelicTBue

01

READ COIL STATUS

[Tonyuenue tekyiero cocrosuusi (ON/OFF)
IPYMIibl JOTHYECKUX SIYEEK.

02

READ INPUT STATUS

[Tonyuenue texymero cocrosuust (ON/OFF)
TPYNIbI JUCKPETHBIX BXOJIOB.

03

READ HOLDING REGISTERS

HonyquI/Ie TEKYyLIEro 3Ha4C€HUsA OAHOIo Ui
HECKOJIbBKHUX PCIruCTPOB XpPAHCHUA.

04

READ INPUT REGISTERS

HonyquI/Ie TEKYyLIEro 3Ha4CHUA OJAHOTO UJIN
HECKOJIbKMX BXOJIHBIX PETrUCTPOB.

05

FORCE SINGLE COIL

H3MeHeHHe JOTUUECKON SUENKU B COCTOSIHUE
ON wm OFF.

06

FORCE SINGLE REGISTER

3anuch HOBOTO 3HAYEHUS B PETUCTP
XpaHeHwusl.

07

READ EXCEPTION STATUS

[Tonyuenue cocrosinus (ON/OFF)BocbMu
BHYTPEHHHUX JIOTMYECKHX AUCEK, Ube
Ha3HauYCHWE 3aBUCHT OT THUIA KOHTPOJLIEpa.
[Tonb30BaTE b MOXKET UCTIOIB30BATH ITH
SYEHKM 110 CBOEMY BBIOODY.

08

LOOPBACK DIAGNOSTIC TEST

TectoBoe coobieHue, nocsutaemoe SL st
MOJIyYEHUsI JAHHBIX O CBSI3H.

11

FETCH EVENT COUNTER
COMMUNICATIONS

[To3Bossier MS nyTem nocieoBaTeIbHON
MOCBHUIKA OJIHOTO COOOMICHHUS OTIPEACTUTD
BBITNIOJIHEHUE OTIePALIHH.

12

FETCH COMMUNICATIONS
EVENT LOG

[To3Bosasier MS noay4uTs sKypHa CBsI3H,
KOTOPBIH COAEPKUT UH(OPMALIMIO O KaX 01
Modbusrpanzakuuu ganHoro SL. Eciu
TpaH3aKLMs He BBIIIOJHEHA, B KypHaJ
3aHocUTCs nHpopMalus 00 OMIKMOKH.

13

PROGRAM

ITo3Bonsser MS nporpamMmmupoBats SL.

14

POLL PROGRAM COMPLETE

[To3Boasier MS cBs3bIBaThes ¢ Apyrumu SL
€cJii 0iUH SL BBIMOJHSET A0JTOBPEMEHHYHO
ofnepaLuio nporpaMmmupoBanus. SL
NepUOJUUYECKH ONpalIMBaeTCsl HA MOMEHT
3aBepLIeHUs porpaMmMupoBaHus. JlaHHbIN
3aIpoc MoCchUIAeTCs TOJILKO B TOM Cllyyae,
€CJIM MpeIBapUTENIbHO ObLIT MOC/IAH 3arnpoc
PROGRAM.

15

FORCE MULTIPLE COILS

Nzmenuts coctosinne (ON/OFF)Heckobkux
MOCJIeJOBATENIbHBIX JIOTHYECKUX sTYeeK.

16

FORCE MULTIPLE REGISTERS

Y cTaHOBUTH HOBbIE 3HAUEHHUS HECKOJIbKUX
MOCJCNOBATCJ/IbHBIX PETUCTPOB.

17

REPORT SLAVE I.D.

[To3Bonsier MS onpenenuTs TUIM aapecyeMoro
SL u ero paboyee cocTosiHUE.

19

RESET COMMUNICATIONS
LINK

COpacbiBaeT SL B U3BeCTHOE COCTOSIHUE
rocJie HeyctpaHuMoi omimoku. CopacbiBaet




Kon

Ha3zsauue

JleticTBue

CUETUYMK MPUHSITHIX OANT.

20-64 | 3ape3epBUpPOBaAHO MOJ paclIupPEeHUs
Modbus
65-72 | 3ape3epBUpOBaHO MO B nanbheiiniem He Oy/ieT UCTIONB30BATHCS B
10J1b30BaTe/IbCK1E (PYHKIMU. npoaykrax Modicon.
73-119 | ILLEGAL FUNCTION
120- 3ape3epBUpOBaHO 3apeseprupoano Modicon iisi BHyTpeHHero
127 YCTOJIb30BaHMS.
128- 3ape3epBUpPOBaHO 3ape3epBUPOBAHO ISl UCKIIIOUMTEIbHBIX
255 CUTYaIHii.




1.6T1O0JIE JAHHBIX

[lone maHHBIX COAEPKUT MHGPOpMaLUIO, HeoOXoauMyto SL st BbIMONHEHUs yKa3aHHOM
(GYHKUUY, UK COACPIKUT NaHHble coOpaHHble SL 171 oTBeTa Ha 3ampoc.

1.7.TIOJIE KOHTPOJIbHOM CYMMBI

Oto none no3Bonser MS u SL mpoBepsth cooOuieHne Ha Hanuuue ouubok. MHorna,
BCJIEAICTBUE DJICKTPUUECKUX [MOMEX WIM JPYruX BO3AEHCTBMI, COOOLIEHME MpU MEpechbUiKe OT
OJIHOTO YCTpOWCTBAa K JpyroMy MOMKET HEe3HAuMTelbHO W3MEHUThCs. Pe3yabrar npoBepku
KOHTpPOJIbHOW cyMMbl YKaxeT SL unu MS pearnpoBaTb UM He pearupoBaTh Ha Takoe cOoOLIeHue.
OT0 yBeNMUMBAET Ha/le)KHOCTh U 3ddexTruBHOCTb cicteM MODBUS.

B pexume ASCIl B none koHTpoJbHOHM cymmbl ucnons3yercss LRC, a B pexxume RTU —

CRC.

Ecin cooOuienus 3amnpoca ¥ OTBETa MOTJIM Obl UMTAThCSA MO-aHIVIMHCKU, TO YEThIPE MOJIS

9TUX COOOLICHMH BBIMIANENM KaK Ha PUCYHKE.

GaMeTBTe, 4YTO IOCICAOBATCIBHOCTL IOCBHIJIKH

noJjiell Kaxablii pa3 ogHa u Ta xxe — Anpec, Koa ¢ynkuuu, Jlanueie u KoHTposbHas cymma —
HE3aBMCHUMO OT HarpaBJICHHUS. )

Tabnuua 7
MODBUS | ERROR DATA FUNCTIO | ADDRESS | MODBUS
MS CHECK N CODE (01) SL
(03)
Wudopmary | OtHocurens | UreHue 3anpoc ans
ust HbIIl agpec | peructpa SLc
UCTOJIB3YeT | peructpa XpaHeHUsl HomepoM 1 | =
= |cq
NPUEMHBIM
YCTPOWCTBO
M s
NPOBEPKU
COO0LIEHMSI
ADDRESS | FUNCTIO | DATA ERROR
O | (01) N CODE CHECK
(03) g
OTtBer oT Urenue 3HaueHue, Hudopmarg
SLc peructpa coJiepaiie | us,
HoMepoM 1 | XpaHeHwus ecs B UCTIOJIb3YyEM
yKa3aHHOM | ast
peructpe NPUEMHBIM
XpaHeHUs YCTPOHCTBO
M s
NPOBEPKU
cO00IEeHMs

HckarounTebHbIE CUTyalluUHu



Konapl uCKIIOUMTENBHBIX CUTYallMid puBeeHbl B Tabnuie. Korna SL oOHapy)uBaeT oqHy
MX 3THUX OIIMOOK, OH MOChLIaeT oTBeTHOe coobuieHue MS, copepxkaiee anpec SL, koa GyHKUMH,
KOJl OHIMOKM M KOHTPOJbHYIO cymMmy. J[ns ykasaHus Ha TO, 4TO OTBETHOE COOOLIEHHWE — 3TO
yBenoMieHne o0 omubKe, cTapiuii OuT moss koja ¢yHKUMHU ycTaHaBiuBaercs B 1. Ha pucyHke u
NpeAcTaBieH TMpUMepP HEKOPPEKTHOro 3ampoca W COOTBETCTBYIOIIErO OTBETa C  KOAOM
UCKITIOYUTENBbHOW CUTYalIUH.



Tabnuua 8

Kon HasBanue CwMmbICH
01 ILLEGAL FUNCTION OyHKIIMS B IPUHATOM COOOIIEHUH HE MOACPKUBACTCS Ha
nanHom SL. Ecnu tun 3anpoca — POLL PROGRAM
COMPLETE,sToT KOJ yKa3bIBaeT, 4YTO NpeBaApUTEIbHBIHI
3anpoc He OblT KOMaH 101 MPOrpaMMHUPOBaHHUSI.
02 ILLEGAL DATA Anpec, yKa3aHHBIH B 110JI€ JAHHBIX, SABIAETCS
ADDRESS HEJIONMYCTUMBIM JJIsl JaHHOTO SL.
03 ILLEGAL DATA 3Ha4yeHus B MM0JIe JaHHBIX HEJIOMYCTUMBI JIs JaHHOTO SL.
VALUE
04 FAILURE IN SL He MOXET OTBETHUTb Ha 3anpoC WJIU MPOU30IILIIA aBapHs.
ASSOCIATED DEVICE
05 | ACKNOWLEDGE SLnpuHsI 3anpoc ¥ HavaJl BBIMOJIHATE JI0JITOBPEMEHHYHO
ornepauuio nporpaMmupoBaHus. J{is onpeaeneHus
MOMEHTa 3aBEpUICHHUS ONepali UCTONb3YiTe 3anpoc
tuna POLL PROGRAM COMPLETEEcau stoT 3arnpoc
ObLII TIOCNaH /10 3aBepLUeHUs ONepaluu
nporpaMMHUpoBaHus, To SL oTBeTUT coobleHreM
REJECTED MESSAGE.
06 BUSY, REJECTED Coob1ieHue ObLI0 MPUHATO 0e3 omuO0oK, Ho SL B JaHHBI#H
MESSAGE MOMEHT BBIMOJIHSET JI0JITOBPEMEHHYIO OTNEpaLvio
NporpaMMHUpOBaHus. 3anpoc HeoOXOAUMO
peTpaHCIMpOBaTh MO3AHEE.
07 NAK-NEGATIVE OyHKUUS TPOrpaMMUPOBaHHUS HE MOXKET ObITh BBIMOJIHEHA.
ACKNOWLEDGMENT | Ucnoas3yiite onpoc 1jist MOJyYeHUs IeTalbHOM
annapaTHoO-3aBUCHMMOI HHpOpMaLuu 00 ouinoke.
Tabnuua 9
Anpec | @yukum | Crapumumid | Muaamui Crapuuii Munaaumuii KoHTposbH
SL b Oalit Oalit OaiiT uncna OaliT yncna asg cymma
ajzpeca aapeca sYeeK AYeeK
0A 01 04 Al 00 01 4F

OtoT 3anpoc TpebdyeT cocTosiHUe siueiiku ¢ HomepoM 12458 SL ¢ Homepom 10,1, ecnu 3TOT
koHTposiep umeet 1K sueek, To 3TOT aapec sBsieTcst OlINO0UHbIM. COOTBETCTBEHHO, OyAeT
Cr€HEepUPOBAHO ClIelyIOLlee OTBETHOE COOOILEHHE.

Tabauua 10
Anpec OyHKUHM Kon ucknrouurenpHoi KoHtposbHas
SL s CUTYal U CyMMa
0A 81 02

3HaueHue B noJie PyHKLUHU paBHO OPUTHHAILHOMY 3HAUEHUIO C YCTAHOBJIEHHBIM B €IMHULLY
ctapium 6utom. Koa uckimounrtenbHoii cutyaunn 02 yka3biBaeT Ha OLIMOOYHBIN aipec JaHHbIX.

2 OITMCAHUE ®VYHKIUN ITPOTOKOJIA



Llens pmaHHOrO paszgena -  ompelnenuTh oOwmMi ¢GopMaT COOTBETCTBYIOIIMX KOMaHI,
JOoCTYNHbIX mporpammucty cuctembl MODBUS. B pasnene onucanbl popMaT Kaxk0ro 3arpocHOro
coo011eHus, BoinonHsemMas GyHKIMs U popMaT HOPMAILHOTO OTBETHOTO COOOLIEHHS.

CooOmieHusi ¢ Homepamu ¢yHkiumii 1-6, 15u 16 cchinaroTcsi Ha KOHKPETHBIE JIOCTYIHbIE
nepeMeHHble MporpammupyemMoro Kontposiepa. @ynkuus 1, 5u 15 cebnatoTes Ha Joruyeckue
sueiikn (0XXX(X)), dynkuuss 2 Ha auckpetHbie Bxoabl (1XXX(X)), dyHkuust 4 Ha BXOjHBIE
peructpbl (3XXX(X)), ¢yukuun 3,6 u 16 Ha BHyTpeHHue peructpnl (4XXX(X)). Bee anmpeca
ccoliok B coobmeHussx MODBUS wunnekcupyroress ¢ Hyas. Hampumep, nepBblii BHYTpEeHHUM
peructp B koHTposiepe 584, 6ynyun 40001sim, umeet aapec ccbuiku 0. TouHo Takxke, siueiika
001276ynet umets aapec 0126.

[Ipumepsl B JaHHOM pazjenie JeMOHCTPUPYIOT MPOTOKOJ He3aBUCUMO OT pexxnuma RTU nnu
ASCII. TlporpaMMuCT MOXET HMCMOJIb30BaTh CIEAYIOLIMNA METOJ sl KOPPEeKTUPOBKM MakeTa B
3aBUCUMOCTH OT peXuma rnepeauu.

Bo Bcem paszene npotokos OyAeT MpeacTaBieH Mo BO3MOXKHOCTH B popmare, yKazaHHOM Ha
Puc.3-1.Yucna umeroT mecTHaauaTepuuHbiil popmar.

Tabnuua 11
Anpec | ©Oynkuu | Crapunii Mnanmmii Crapuit Munanmmni [Tose
b OaiiT OaiiT agpeca | OalfT uncna | GalT yucia | KOHTPOJIb-
aapeca NIEpBOTro TpeOyeMbIX | TpeOyembIX HOW
epBOro peructpa perucTpon peructpa CYMMBbI
peructpa
06 03 00 6B 00 03 89 LRE

JlanHblit npumep onuckiBaeT uteHue peructpos 4108-411013 SL ¢ agpecom 06.3T0

coobmenue npu popmarupoBanun B RTU u ASCII BeIrsauT cieayrommm oopa3oMm:

Tabnuua 12
3AITPOC RTU ASCII
3arooBoK :
Anpec 0000 0110 0 6
OyHkuMs 0000 0011 0 3
Hauan | H.O. | 0000 0000 0 0
pHBIN | L.O. 0110 1011 6 B
azipec
Komu | H.O. | 0000 0000 0 0
yectB | L.O. 0000 0011 0 3
0
TpeOy
eMBIX
peruc
TPOB
ITone 0111 0101 8 9
KOHTp 1010 0000
OJILHO
71
CyMM
bl




3AITPOC RTU ASCII

Trailer CR | LF

OTBET RTU ASCII

3arojoBoK

Anpec 0000 0110 0 6

OyHKLMSA 0000 0011 0 3

KonnuectBo 0000 0110 0 6

0alT JaHHBIX

Hanner | H.O | 0000 0010 0 2

e L.O. | 0010 1011 2 B
H.O. | 0000 0000 0 0
L.O. | 0000 0000 0 0
H.O. | 0000 0000 0 0
L.O. | 0110 0011 6 3

Kontponenass | CRC 6 1

cymma

Trailer CR LF

Jlnuna nakera | 1106aiit 230aiita

ASCII coobuienue Beceraa nouTH B JiBa pasza quHee RTU cooOuieHusl.




2.1.®YHKLMA 1: YTEHHE JIOTUYECKHUX SYEEK

3anpoc.

®dyHKiMs  TO3BONISET TOJIb30BaTeNto  modayuuth craryc (1/0) noruyeckux - siueex.
[InpokoBeliaTenbHblii pexxuM He nojuaepkuBaercs. Ilomumo noneit aapeca SL u dyHKumH,
coob1eHue Tpedyer, 4yToOobl MHPOPMALOHHOE MOJIe COAEpKalo JOTMUeCKUd afpec nepBoi sueikn
1 YUCJIO fYeeK, CTaTyC KOTOPbIX HEOOXOUMO MOTYUYHTh.

Azpecalys Mo3BoJsisieT MoJay4yuTh 3a oauH 3ampoc ao 2000 normueckux sueek. OgHako,
HEKOTOpbIe MPUOOPHI UMEIOT OrpaHUuEHHEe Ha MaKCHMallbHOE YHUCIIO AYeeK, CTaTyC KOTOPBIX MOXKHO
MOJTYYHTBh 32 OJIMH 3anpoc. S4eliku Hymepytotes ¢ Hyns ( siueiika 1 = O,sueiika 2 = 1u T.1.).

Hwxe npexacraBieH 3anpoc Ha ureHue Jjoruyeckux siueek 0020 — 0056u3 nmpubopa c
aapecom 17.

Tabnuua 13
Anpec | OyHKUM Crapuuii Munaawmuii 6aitit | Crapumit | Maaamuii | KoHt
s OaiiT aipeca | ajapeca nepBoi Oaiit Oaiit poJsibHa
nepBou AYENKH YUCJIO yycia A
AYEUKH AYEeeK sYeeK cyMMa
11 01 00 13 00 25 B6 | LRE
Ortger.
Huxe npencrarieH npuMep OTBETHOTO COOOIIEHHS HA TIPeIbIIY LU 3ampoc.
Tabnuua 14
Anpe | @yuky | Komnuect | Craryc | Cratyc Craryc Craryc | Cratyc | KoHTposabHa
c ust BO 0aliT B | siueek | sYeek AYeeK AYeeK YeeK 1 cyMMa
noJue 20-27 | 28-35 36-43 44-51 52-56
JTAHHBIX
11 01 05 CD 6B B2 OE 1B D6

JlaHHble B MOJie JaHHBIX yMaKOBaHbI OJMH OMT Ha KaXIyro syeiiky. OTBeTHOe cooOIeH e
BKJIOUaeT ajapec SL, koa (QyHKLMHU, YKcI0 OANT B MOJe AaHHBIX, JaHHBIE U KOHTPOJBHYIO CYMMY.
Muaamiuii 3Havyamui OUT nepBoro Gairta MoJjist JaHHBIX COAEPIKHUT MEPBYIO aJpecyeMyro sYeiKy, 3a
KOTOpOM CJeAyIOT ocTaibHble. EciuM 4yMcio syeek He KpaTHO 8-MH, TO oOcCTajbHble OWTHI
3aMoOJHAIOTCS HYJISIMHU B MOPS/IKE OT CTapIIUX OMTOB K MJIa/IIIKM.

Cratyc siueek 20-27paeH CDH = 1101 1101Ywuras ciaeBa HanpaBo, BUAUM, YTO STYCHKH
27, 26, 23, 22u 20 ycraHoBaeHbl. OcTanbHble JaHHbIE pazOuparoTcs Tak ke. Tak kKak ObLIO
3aMpoIleHO YMCIIO siYeeK He KpaTHoe 8-MH, crapiive Tpu Ourta B nocjieaHeM Oaiite nanHbix (1BH)
3aroJHEeHbI HYJISIMH.

Tak kak 3anpoc 00c/1y)KMBaeTcs B KOHIE paboyero 1uKia npudbopa, To JaHHbIC B OTBETHOM
COOOIIEHNH OTPAXKAIOT COCTOSIHUE SIUEEK Ha TOT MOMEHT.




2.20VHKIMA 2.HTEHHUE IMCKPETHBIX BXO/I0B

3anpoc.

JlanHast pyHKIMs MO3BOJIAET MoJsib3oBareto noiyduth coctossnue(BKJI/BBIKII) BxomHbIX
JIMCKPEeTHBIX JMHMK aapecyemoro SL. IllupokoBemaTenbHblii 3ampoc He mMojaep:kuBaercs. B
JonojHeHue k aapecy SL um Homepy ¢yHkumu, 3ampoc Tpedyer, yToObl MH(MOPMAIMOHHOE MOJie
coJieprKajo HayajbHbIM aipec U KOJIMYeCTBO TpeOyeMbIX JTMHUMA.

Agpecauusi mo3BoJisieT MonyuuTh 3a oauH 3anpoc o 2000 nunuii. OpHako, HEKOTOpbIE
yCTpOICTBa MMEIOT OrpaHMYEHUE Ha MAKCUMAJbHOE KOJIMYECTBO JIMHUM, MOJydaeMblX 3a OJMH
3anpoc. Bxoaueie nunun Hymepytotes ¢ Hyns (10001 = 0, 10002 = T.1.).

Ha puc.3-2 npeacrasieH npumep 3anpoca Ha YTeHUe AUCKpeTHbIX BXojaoB 10197-1021813
SL ¢ Homepom 17.

Tabnuua 15
Anpe | DyHKIL Crapuiuii Munaawmumii Crapuuii Muanwmii 6aiit | KoHT-
c st OaiiT HoMepa | GaliT HoMepa Oaiit KOIMHECTBO | hojpHA
o o TpeOyeMbIX
nepBoii nepBoii KOJIMYECTBO P bl
Tpebyemoit Tpebyemoit TpeOyeMbIX cyMMa
STYEUKH AYEUKH AYEEK
11 02 00 C4 00 16 13 | LrRd
Ortger.

[Tpumep oTBeTa Ha AaHHBII 3aMpoc MpeacTaBleH Ha puc.3-5.

OtBeTHOe cooOlleHHe BkIO4aeT aapec SL, koA (QyHKUMM, KOJIMYECTBO OaWT AaHHBIX,
JaHHbBIE U T0JIe KOHTPOJILHOM CyMMBI. JlaHHbIe yrakoBaHbl 1o Outy Ha Kaxaslii Bxox (1 = ON, 0 =
OFF). Mnaagmwii 6utr mnepBoro OaiiTa cOIepKUT 3HAUYEHUE IEPBOTO aJpecyeMoro BXoja, 3a
KOTOpPBIM CJIEAYIOT oOcTajbHble. EciaM KOIMYeCTBO 3ampolUeHHBIX BXOJOB HE KpaTHO 8, To
ocTajibHble OMUTHI 3anoJiHAoTes Hynsmu. KonumuecTBo OaifT JaHHBIX Bcerga ompejenseTcs Kak
konuuectBo RTU naHHbIX.

Tak kak SL obcnyxuBaer 3anpoc B KOHLE paboyero LMKIA, JaHHbIE B OTBETE OTpPa)aroT
COCTOSIHME BXOJOB Ha JaHHBIH MOMEHT. HekoTopble ycTpoiicTBa HMEIOT OrpaHUYeHHE Ha
MaKCHMMaJbHOE KOJIMYECTBO BXOJIOB, 3aMpaliMBaeMbIX 3a OJIMH 3arpoc.

Tabnuua 16
Anpe | ©Oyukun | KoauuectBo | uckpetHwie | JluckpeTtHbl | JluckpetHbl | KoHT-
c A 0aifT gaHHBIX BXO/Ibl € BXO/bl € BXO/bl poJibHa
10197-10204] 10205- 10213- A
10212 10218 cyMMa
11 02 03 AC DB 35 2E LR¢

ToJibko 6 Bxo0B (10213-10218pmecto 8-mu. J[Ba nocieHUX OMTa 3arONHAIOTCS HYJISIMH.

Craryc Bxoj0B 10197-10204 = ACh = 1010 110@uras cieBa HanpaBo, BUIUM, YTO BXOIbI
10204, 10202, 10200 101998 coctosuun ON. Bce octanbHble 0aliThl JaHHBIX PaclaKOBbIBAKOTCS

aHaJOruYHO.
Tak kak ObLI0 3anpoiieHo 22 MuHuK, nocieaHuii 6ait qanueix (35h = 0011 01019oaepxut

3anpoc.

2.3®VYHKUMA 3: UTEHUE PETUCTPOB



JlaHHast pyHKIMS TO3BOJISIET TIOJIYYUTh IBOUYHOE COiepkuMoe 16-Th pa3psiiHbIX PErucTpoB
agpecyemoro SL. Azipecaiusi Mo3BoJIsieT MOJYYUTh 3a Kaxblit 3anpoc 1o 125 peructpos. OaHaxo,
HEKOTOpblE YCTPOMCTBO HMEIOT OrpaHMYeHHe Ha MAaKCHMMaJlbHOE KOJMYECTBO PErUCTpOB,
noJiydaeMbIX 3a OJI1H 3arpoc. Peructpel Hymepytotes ¢ Hyns (40001 = 0, 40002 =d 1.1.).

[InpokoBeaTeIbHbIi PeXXUM He TOMYCKAeTCsl.

Huxe npencraenen npumep 3anpoca Ha uteHue peructpoB 40108-40110u3 SL ¢ aapecom
17.



Tabauua 17

Anpe | ®@yHKL Howmep nepsoro Yucno peructpos s KoHTposibH
c st peructpa yrenus (N) asi cymMmmMa
Crapmm | Mnagumii | Crapmu | Muaaamwuii 6ait
i1 6ailT Gaiir i1 6aiT
11 03 00 6B 00 03 7E LRC
OrtBert.

Anpecyemblii SL mochliaeT B OTBeTE CBOW aapec, KOJA BBIMOJHEHHOW (YHKUUU U
uHpopMmaioHHoe noJje. MHpopMalmoHHoe noJjie coaepKuT 2 Oaiita, OMUCHIBAIOIIMX KOJMYECTBO
BO3BpalllaeMbIX 0alT naHHbIX. J[JIMHA KaXI0T0 perucTpa JaHHbIX — 2 0aiita. [lepBbiit OalT JaHHBIX
B MOCBIUJIKE SABJISETCS cTapliMM 0alTOM perucTpa, BTOpoi — MJIaIIM.

Tak kak SL 00bIYHO 0OCY)KMBaeT 3ampoc B KOHIIE CBOEro pabouero LUKIA, JaHHbIC B
OTBETE OTPAXKAIOT COJECPKUMOE PErucTpoB B JaHHBIH MoMmeHT. Hekoropwle SL orpannumBaroT
KOJIMUECTBO PETrMCTPOB, MepeiaBaeMbIX 3a OJIMH 3arpoc. B aTom ciyyae ajis nosyueHus, 60bIIero
YKCJ1a PErMCTPOB, HEOOXOAMMO BBIIMOJHUTE HECKOJIBKO MOCJIEI0BATEbHbIX 3aMPOCOB.

Huke npencrabiieH mpuMep OTBETHOro cooOlieHusi Ha uteHue peructpoB 40108-40110,
UMEIOIIMX COACPKUMOe, COOTBETCTBeHHO, 555, 0, 100u3 SL ¢ aapecom 17.

Tabnuua 18
Anpe | @ynk | Koanu | Crap- | Mnan | Crap- | Muan- | Crap- | Muan- | Kont-
c -UMs | €CTBO | LMK | -LIUi i i LU LI poib-
Oaiit | OalT | OailT OailT Oailt Oalt OaiiT Hast
JIAHHBI | PEruc | peruc | peruct | peruct | peruct | peruct | Cymm
X -Tpa -Tpa pa pa pa pa a
40108| 40108| 40109 | 40109 | 40110 | 40110
11 03 06 02 2B 00 00 00 64 55 LF{C
2.4 ®YHKLMA 5: 3AITMCh OJJHOU AYEUKU
3anpoc.

310 coobmieHre MOIUPUIMPYET OAHY JIOTHUECKYIO sSueiiKy. S4eliku HymepyroTcs ¢ HyJs
(sueiika 1 = 0,sueiika 2 = 1u 1.1.). Uneno 65280 (FFOOH)YcranaBnuBaer siueiiky B 1, a unciio O —
B 0. JIpyrue uncna He BAMAIOT HA coaepxkuMoe siueiiku. JlaHnHas GyHKIMsS MOXET MCMOJIb30BaThCS B
IIMPOKOBEIIATEILHOM PeXHUME.

Hwxe npuseneH npumep ycrtaHoBku B 1 siueiiku 01738 SL 17.

Tabnuua 19
Anpe | @yukum | Crapwmii | Mnagmu | Muaukatr | Beerpa | KontposbHa
c b Oaiit i Gailt op 0 a1 cymma
ajapeca ajpeca | yCTaHOBK
AYENKH AYEUKH U U1
copoc
AYENUKH
11 05 00 AC FF 00 3F LRE




OTBer.
HopmanbHoe oTBeTHOE COOOIIEHHE MOJIHOCTBIO COBMAIAET C 3aMpOCOM.

2.50YHKIHWA 6: 3ATTMCh OJJTHOI'O PETMCTPA
3anpoc.
JanHast pyHKUMA MO3BOJSIET MOAUDULIMPOBATH COACPKUMOE OJJHOTO perucTpa. XoTs 3anpoc
U ABIISIETCS aCUHXPOHHBIM, SL U3MEHseT coIepKUMOe PerucTpa ToJbKO B KOHLIE pabouero LuKia.
Korna B 3anpoce ykasaH ajpec paBHbiii O (mMpokoBemiaTenbHbIl 3ampoc), Bce SL,
NOAK/IIOYEHHBIE K IIMHE, 3arpy3aT COOTBETCTBYIOLIMNA PETUCTP YKa3aHHBIM 3HAUSHHUEM.
[TPUMEYAHUE. B mmpokoBemaresHOM peKUMe UCTIONb3YIOTCS TOJbKO pyHKIMuU 5, 6, 15

u 16.
Hwxe npusenen npumep 3anucu peructpa 401363Hauennem 9268 SL ¢ Homepom 17.
Tabnuua 20
Anpe | @ynki | Crapuwmid | Maaamu | Crapuuit | Maaamu | KoHTposibH
c ust OaiT i Oaiit OaiiT i Gaiir as cymma
ajzpeca ajpeca | 3Ha4eHUS | 3HAYECHUS
perucTtpa | peructpa 926 926
40136 40136
11 06 00 87 03 9E Cl LR
Ortger.

B ciyyae ycnelmHoro BbInojgHeHUs GyHKLIMHY OTBETHOE COOOLIEHHE UISHTUUHO 3arpocy.
2.6 ®YHKIMA 8: TECTOBASA ®YHKLIUA

3anpoc.

JlanHas pyHKIMS npeHa3HavYeHa JUis MPOBEPKY KOMMYHUKAIIMOHHOMN CUCTEMbI U HE BIIUSIET
Ha JlaHHbIe IpUbopa.

[Tone wuHpopmaimu coaepxutT 2 Oaiita JMAarHOCTMYECKOTO KOJa, YKasbiBawomero SL
BBITIOJIHUTE  OTIpeJieliecHHoe JelicTBre, W 2 OaiiTa HeoOXOAMMOM, AJsl JaHHOW JMArHOCTHKH,
UH(OpMaIIH.

Tabnuua 21

Kon | JletictBue

00 | BepnyTs 3anpoc

01 | Copocuts ycTaHoBkM cBsizu (0e3 oTBeTA)

02 | BepHyTb peructp AMarHoCTHKH

03 H3MeHuTh CUMBOJT Hayalla maketa

04 | IMepeBectu SL B pexxum mpociyninBaHust THHUU 0€3 MOCHIIKH OTBETHBIX
coobmienuit (Listen Only Mode)

05 | COpoCUTH CHETYMKHU U PETUCTP AMATHOCTUKU

06 | BepHyTb cueTuuk coobiueHuit, noayuenusix ¢ muasl MODBUS.

07 | BepHyTb cueTuMK cOOOLIEHUH ¢ HEMPAaBUJIbHBIMU KOHTPOJIbHBIMU CYMMAaMHU.

08 | BepHyTb cueTuMK cOOOLICHHUH, BBI3BABIIMX UCKIIOUYUTEIbHYIO CUTYALMIO.

09 | BepHyTb cueTuuk cooOLIEHU I, aApecOBaHHbIX TOJILKO JaHHOMY SL.

10 | BepHyTb cueTuuK COOOLEHH, aIpecOBaHHbIX JaHHOMY SL M OCTaBIEHHBIX
0e3 oTBeTa.

11 BepHyTb cueTunk cooO1ieHni, ajpecoBaHHbIX JaHHOMY SL 1 BbI3BaBIINM




Kon

JeticTBue

uckmountenbHyro curyaiuio NACK.

Tabnuua 22

12 BepHyTb cueTurk cooOuieHui, aipecoBaHHbIX JaHHOMY SL 1 BbI3BaBIINM
UCKJTIOUUTENBbHYIO cutyaiuio BUSY.
Hwke nan npumep 3anpoca BepHYTbh 3Xx0 (quarnoctuueckuit koa 0) SLe Homepom 17.
Anpe | @ynkuun | Crapwmmit | Mnagmu | Crapwumii | Muaamu | KoHTpossh
c o OaiT 1 Oaiit OailT i OaiiT asg cymma
JMArHOCT | JMArHocT | JaHHBIX' | JaHHBIX
MUYECKOT0 | MYECKOro
KoJia KoJia
11 08 00 00 00 00 0B LRd

1
B nonie naHHBIX OMeIaeTcss HeoOXoauMas IJ1s1 JAaHHOTO 3arpoca I/IH(bOpMaLII/Iﬂ.



OTBer.

Tabnuua 23
Anpe | @ynkuum | Crapwmit | Mnagmu | Crapwumit | Munaamu | KoHTtposbsH
c s OaiT i Oaiit OaiT i Gait asg cymma
JIMArHOCT | JMArHOCT | JAHHBIX® | JaHHBIX
MUYECKOTO | UYECKOTro
KOJia KOJia
11 08 00 00 00 00 0B LRE

2.7O0YHKUUA 7: YTEHUE CTATYCA

3anpoc.

Bo mMHorux cinyyasx, ajst ObICTpOro MojlyueHHs cTaTyca HEKOTOPbIX COOBITHI KOHTpoIepa,
’KenarelbHO MMETh B MPOTOKOJE coollieHue, uMerolnee Hebosblol pasmep. JlaHHas QyHKUMs
pa3paboTaHa UMEHHO AJIS TOW LeH.

@OyHKIMA ¢ HOMEPOM 7 TIO3BOJISET MOJIb30BATENIO OMpAIlMBaTh COCTOSHUE BOCBMH siueeK
KOHTposJiepa. DTU A4YeiKM MOTYT MpOrpaMMUpOBaThesa AJsl XpaHeHHs WH(OpMaUUHu COCTOSHUS
KoHTposepa. lllupokoBenarenbHbli pexkuM He MOJAEpKUBAETCS.

Ha3HaueHue 3THX sueeK 3aBUCUT OT THIa KOHTpOJJIepa.

Hwxe npenacTtaBneH npumep 3amnpoca ctaryca SL ¢ Homepom 17.

Tabnuua 24
Anpe | ®yHKuM KonTposbHas
C s cymma
11 07 E8 LRC
B otoii ¢pyHk1mK He TpebyeTcs mose JaHHbIX.
OrtBert.
HopmanbHblit OTBET COCPIKUT CTATYC BOCHMHU siU€eK, YIIaKOBaHHBIX B OJMH OAlT JaHHBIX.
Tabnuua 25
Anpe | @yHKIM JlaHHbIE KoHTtponbHas
c s AYeeK CyMMa
11 07 6D 7B LRG

B npubopax 3A0 “B3JIET” nocTosHHO MCHOMB3YIOTCA ABAa MIAAUIUX pa3pafa perucrpa

cTaTyca, KOTOpble OTPa)katoT COCTOsIHUE NMpUOOpa BO BpeMsl MPOrpaMMHUPOBaHUsI MaMATH NPOrpamMmm
npubdopa.

2.8. ®YHKILMA 16: 3AAIIMCb HECKOJIbKUX PEI'TMCTPOB

3anpoc.

JlanHOE cOOOIIEHNE MEHSET COAEPKUMOE JIFOOOr0 perucTpa OnpalmrBaeMoro KOHTpoJsuiepa.
Coo0uieHre Mo3BOJISIET 3aNMChIBATh PETUCTPBl C MAKCUMaJIbHBIM JIOrH4YecKuM ajpecom 1o FFFFH.
Heucnonezyemble crapuie OWTBI ajapeca peructpa AOJKHBI 3amojHATbCA  Hydsamu. Eciu
ucnojb3yercss aiapec SL paBubiii 0, To cojepkumMoe MOJs JaHHBIX 3alUCBLIBAETCS BO BCe
YCTPOMCTBA, MOJKIIOUSHHBIE K IIMHE (ILIMPOKOBEIATENbHBIN PEXKUM).

Huxe nan npumep 3anucu B SL ¢ Homepom 17 nByx peructpoB 40136, 4013 BHaueHusMu
0x00a0, (x0102.

2
B nosnie naHHBIX OMeIaeTcss HeoOXoauMas Ij1s JaHHOTO OTBETa HHCbOpMaLIPIﬂ.



Tabnuua 26

An- | @y | Crap | Mnax | Komu | Komnue | Crap- | Mnan | Crap- | Mnaan- | Konr-
PeC | gk | wmmit Ui | yecTB CTBO WU | -mmil | i 080507 poJib-
M | OaWit Oaiit 0 Oaifir B | Oaiir | OaliT OaiiT Oaiit Has
s | aapec | aapec | peruc nojie | peruc | peruc | peruc | peruct | cymm
a mep- a -TPOB | JaHHBIX | -Tpa -Tpa -Tpa pa a
BOTO | MEpBO 40136| 40136| 40137| 40137
peruc- ro
Tpa | peruc
Tpa
11| 10 00 87 (0/0] 04 00 OA 01 02 45 LRQ¢
0|2
OTaer.

HopmanbHoe oTBeTHOe cooOlieHue Bo3BpalaeT aapec SL, ¢yHKuuio, aapec mnepBoro
perucTpa u KoJM4YeCTBO 3aMCaHHbIX PETUCTPOB.

Tabnuua 27
Anpe | @yukuu | Crapwmid | Mnagmuii Komnuectso KoHTposibH
c s OaiiT aapec OaiT PerncTpos as cymMmma
nepBoro ajzpeca
peructpa nepBoro
peructpa
11 10 00 87 00 | 02 56 LRE
2.9.®YHKLUA 17UTEHUE UHOOPMALIMU Ob AJIPECYEMOM VCTPOVMCTBE
3anpoc.
[Tpumep 3anpoca npubopy ¢ agpecom 17.
Tabnuua 28
Anpe | ©@ynkum | KonrpoabHas
c s cymma
11 11 DE LRC|
OrtBert.
OO1as ¢popma OTBETHOTO COOOIIEHUS IPUBEACHA HIKE.
Tabnuua 29
Anpe | ©@ynkum | Yucno GaiiT B none [Tose KonTposbHas
c s JTAHHBIX JTAHHBIX cymma

HNudopmanus B mosie AaHHBIX pa3iddyHa A KaKIOro KOHKpPETHOro mpubopa v ykasaHa B
NPOTOKOJIE HA TPUOOP.

Ins npubopoB ¢upmel «B3JIET» B noje naHHbIX 00s3aTeNbHO MepegaeTcs cieayrouias
UHpOpMaIys:

Tab6nuua 30

Ha3zBanue napamertpa

Do

pmar

Bepcus npudopa

ASCII ctpoka, 3aBepiaroiascsi HyJem B




HasBanue napamerpa ®dopmar

¢dopmare: “VZLIOT AA.BB.CC.DD”

Ha3panue npubopa ASCII ctpoka, 3aBepiaroiasics HyJaeM.

MakcuMaibHOE YHCJI0 PErUCTPOB B TabJMIe Unsigned (daiita).
perucTpoB npubopa.

B cnyuae ecnu kakas-nm160 U3 CTpOK B MpUOOpE He CyLIECTBYET, HA €€ MeCTe B OTBETHOM
COOOLIEHNH JIOJDKEH MepeaaBaThesl Hyllb.

OcrasnbHas nHGOpMaLMs 3aBUCUT OT THMa NMpUOOpa, U yKazbIBaeTCsl B ONMMCAHUU MPOTOKOJIA
npubopa.




2.10.®@YHKIIMA 65 (10JIb30BATEJILCKAS):UTEHUE MACCHUBOB 3ATTUCEM.

3anpoc.

B 3anpoce ykasbiBaeTcs aapec SL, Homep QyHKLUMH, HOMep MaccuBa (MHIEKCALUs C HYJIs),
KOJIMYECTBO 3ampalivBaeMbIX 3anuceid, Tun 3anpoca (0 —no uHaekcy, 1 —no BpeMeHH apXHBaliH)
M JJaHHbIE 3ampoca.

Jlns 3ampoca Mo MHAEKCY B TMOJie JAHHBIX yKas3blBaeTcs HOMeEp MepBOii 3ampaliMBaeMoid
3anucu. s 3ampoca Mo BpeMeHM apXMBalMW B MOJ€ JAHHBIX YKa3blBaeTCsl BpeMs apXMBalMU
TNIepBOii 3amparBaeMoii 3amucu (cc, MM, 44, 1, MM, IT).

Hwxe npuBeneH npumep 3anpoca 1o BpeMeHH apxuBauuu 6-ru 3anuceit maccusa 1 ¢ 10-12-
1998 13:12:0013 yctpoiictBa ¢ Homepom 17.

Tabnuua 31
Anpec OyH- Crap- Mian- Crap- Mnagmuit | Tun | Cekyn Mu- Yacel JleHb Mecsin T'on Kontpo
ycrpoiic | kums it it mui OailT xonu- | 3anp JIbI HYTbI JIbHAs
TBa Gair Gair OalT YeCTBO oca cymma
Homep | Homepa KOJIH- 3anpaiiupa
mac- mac- YECTBO €MBbIX
CHBa CHBa 3anpamm 3anucein
BAEMbIX
3anucei
11 41| 00 01 00 06 0L 00 OC | OD | OA| OC | 62

[Tpu ykazanum 3HaueHus roxa ot 70 no 99 npennonaraercst BpeMeHHo# auanazoH 1970-
1999 .B ocranbhbix cinydasx cbiiie 2000rona.

Hwxe npuBeneH npumep 3ampoca no MHAEKCY 6-Tu 3anucei MaccuBa 1, HauuHasa ¢ 100-oii
U3 ycTpoicTBa ¢ HoMepom 17.

Tabnuua 32
Anpec OyHkMs Crapuunii Munaaumnit Crapumii Munanumit Tun Crapunii Mnanumit | KoHtponbHas
ycTpoiicTBa OaiiT Homep | OaiiT HOMepa Gaiit OaiiT 3arnp Gaiit Gaiit cymma

MaccuBa MaccuBa KOJIMYECTBO | KOIHYECTBO oca HHZeKca HHIeKca

3anpaiuyBae | 3anpaiiuBae nepBoi nepBoi

MBIX MBIX 3amucH 3aIIcH

3anucei 3anucei
Ortger.

B oTBeTHOM cooOuieHnu nepesaoTes: aapec yCTpoicTBa, Homep QyHKIUH, KOJTHUYECTBO

0aiiT B MoJie TaHHBIX, JaHHbIE 3aMucel U KOHTPOJIbHAs CyMMa.

Tabnuua 33

Anpe
C

DOyHKIU
s

Yuco Gaiit B nosie gaHHbIX (1

OaiT)

JlaHHBI
e

KontponbHas

cymma




