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NnpoeKTupoBaHHe

Bnagumup TATAPYEBCKUM
arktur04@mail.ru

0606ueHHbIN anroputm obmeHa
AaHHbIMU no npotokonay Modbus

O600111eHHBII AITOPUTM 00MEHA JaHHBIMU
MeXIy BeIYIIUM U BEIOMBIM YCTPOICTBOM
MOJKHO TIPE/ICTABHUTD B BUJE, T300PaKEHHOM Ha
puc. 1. B mpenpiny1ueii cratbe GbUIO IPUBENEHO
Kparkoe onucanue pabotsl mporokoia Modbus.
CdopmynupyeM mopsaox paGoThl BeAyIIero
(master) u BeroMoro (slave) ycTpoiicTs B KpaT-
xoit hopme.

lNpuMeHeHHUe

SWITCH-texHOonorum

npu pa3paboTKe NpPUKAIaLHOro
nporpaMMHOro obecrneuyeHus

AN MUKPOKOHTposinepoB. Hactb 7

B npeabigyweri cratbe yukna [1] 6b1no HauaTo paccMoTpeHHe peanusaLuu
npoTtokona Modbus Ha ocHoBe SWITCH-TexHonoruu. Mbl kpaTko paccmoTtpe-
nun pBa pexxuma pabotbl npotokona Modbus: ASCIl u RTU, a takyke onucanu
aNropuTM nepepaum coobueHus ycrporictsom-macrepom B pexkume ASCIL.
B aToii cTaTbe Mbl NPOAONYKUM ONUCAHHUE peanu3aluu npotokona Modbus Ha

ocHoBe SWITCH-texHonorum.

Hraxk, BeflyIemMy yCTPOICTBY B IPOIIECCE BBI-
HOJTHEHNS IIeJIeBOII IPOrpaMMel (cocrostHue 1.1
Ha pHC. 1) TOTpe60BaIOCH 3aIIPOCHUTD JAHHBIE
YZaJIeHHOTO MOJYJISI OO YCTaHOBHUTD BBIXOJbI
YIaJIeHHOTO MOJYJIS B OIIpefieIeHHOe COCTOs-
Hue. Bemymee ycTpoiicTBo (nasee Gedyuyuti nim
macmep) popmupyer coobienue Modbus, ko-
TOpOE B O6LIEM CIIydae CONEPIKUT: afjpec Beflo-
MOTO, KOJ] KOMaH/Ibl, IOTIOJIHUTEIbHBIE TAHHbIE
1 KOHTPOJIBHYIO cyMMy. ChopMupOBaHHOE CO-
oburenue mepenaercst vepe3 UART MUKPOKOH-

e\ Befyllee yCTPOMCTBO
(master)
OCHOBHas
nporpamma
\ 1.1 )
4 N
npuem oXuaaHue nepepgaya
coobuieHns Modbus oTBeTa coobuieHns Modbus
/ 1.4 \_ 1.3) 1.2
OTBETbI KOMaHAbl
BEAOMOro BeayLiero
4 N
nepepgaya oXupaaHue npuem
coobuierns Modbus KOMaHpAbl coobuienns Modbus
2.4 \_ 2.1 Y, 2.2
obpaboTka
1 BbINONHEHWE
KOMaHAb! 29 BELOMO€ YCTPOMCTBO
(slave)

Puc. 1. O6061LeHHbIN anropuT™ 06MeHa faHHBIMU MEXKAY BEAYLLUM 1 BEAOMbIM YCTPOHCTBAMM

TposuIepa U GUIUIECKYIO JIHHUIO CBS3U BEJO-
MoMy ycrpoiictBy (cocrostaue 1.2). IToce me-
penadr cOOOIIeHNS BEAYIINI EPEXOUT B CO-
CTOSIHUE O’KUIAHMS OTBETa BEIOMOro (CocTos-
uue 1.3). Bemomoe ycTpoiicTBO, HaxosIIeecst
B COCTOSTHUY O’KHATAHUS KOMAHIBI BeTYIIEero
(cocrostHme 2.1) IpH MOCTYIIJICHUN JaHHBIX
B O6ydep UART mepexonuT B COCTOSIHUE IIPU-
ema (cocrosiHue 2.2) U B CJIyYae yCIeLIHOrO 3a-
BepIIIeHNs IIpHeMa IepeXOnUT K TeKOJIpPOBa-
HUIO U BBITIOJIHEHNIO KOMaH/IbI (cocTosHue 2.3).
[Tocrte BEITIOTHEHNS KOMAH/IBI BEIOMOE YCTPOT-
cTBO OPMEpYET OTBETHOE COOOIIIEHNE, KOTO-
poe B 00I1IeM crydae COIEPIKUT afipec BeIOMO-
O yCTpoiicTBa (TO eCTh COOCTBEHHBII afipec),
KOJI KOMaH/Ibl, IOIIOJTHUTEIbHbIE JAHHBIE 1 KOH-
TposbHYI0 cyMMY. ChopMHIpoBaHHOE CO001IIe-
HHe [1epelaeTcs BeAyIIeMy YCTPOHCTBY (COCTO-
stHue 2.4), ¥ TIOCJIe YCIIeNIHOTO [IpHeMa OTBeTa
BezoMoro (cocrosiaue 1.4) Bemyiiee yCTpOHCT-
BO HPOJOJDKAET PAbOTY [0 OCHOBHOI IIPOTrpaM-
Me, a BelOMOe TIePeXONUT K OKUIAHNUIO CIIefy -
romeit komaupl. Ha atom tpansakuus Modbus
3aBepIIIaeTCs.

B mpenpizy1nieit crarbe ObLIH YIIOMSIHYTHI [1Ba
pexxnma pabotel mporokosa Modbus: ASCII
n RTU. HanmoMHUM 4nTaTeNo, 9TO B peKIMe
ASCII coob1rieHus TTepeialoTcst B BUE TEKCTA,
COCTOSIIIETO U3 YHCeN B IIeCTHANIIATePIIHON
dbopme (cumBoinsr '0'-'9', 'A'-'F'), cooburenne
HAIMHAETCS CO «CTAPTOBOTO» CHMBOJIA — JIBO-
eTouns ;' ¥ 3aBepIIIaeTCsl «CTOIIOBOL TOCIIEN0-
BarenbHOCTHI0 CR LF (BosBpar cTpokw, mepe-
BOJL KapeTKH, COOTBETCTBY0IINI Kozt 0A 0D).
[Tpu mepenade IOy CKAIOTCS MTAY3bI MESKTY CHM-
BOJIAMH TIPOJOJDKUTEIBHOCTBIO 70 1 ¢, B pexXu-
Mme RTU nndopmarus nepegaercs «kak eCTb»
B BH/Ie 0afiTOBBIX 3HAYCHUIT; CHIEIHAIbHBIE CTap-
TOBBIE ¥ CTOTIOBBIE CHMBOJIBI OTCYTCTBYIOT; Cy~
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coobuieHue:
NPUHAT cuMBon ch

coobueHue:
NPUHAT CUMBON

’

olwmnbKa:

HeT npuema
(cocTosiHWe oXKMAaHHs)

i=0

agpec
He coBnagaet

npoBepKa nons agpeca

ch¢{0..9, A..F, CR, LF} ‘

He,ELOI'IyCTVIMbIﬁ cumMBON

agpec
coBnapaert

BblYMC/IEHUE

time 1s . owmbKa:
o Taim-ayT
NOMECTHTb CUMBOJI Ch
ELabelE i >=BUF_SIZE . ownBKa:
Data[i] = ch; - nepenosnHerue byepa
fiFrg 2

KOHTPO/IbHas cyMMa
He coBnagaet

KOHTpPO/JIbHas cymma
cosnagaet

owmbka:
HecoBNafieHHe KOHTPOIbHOM CyMMbI

KOHTPOJIbHOW CYyMMbl

npveM 3aBeplueH ycnewHo

Puc. 2. KoteuHblit asTomar npuema coobiueqns Modbus e pesxiume ASCII

IIIeCTBeHHbIE ITay3bl MEKITY OTAeIbHBIMHE OaliTa-

MH COOOIIEHHs HeIOITY CTHMBI, CAMU JKe C000-

IIeHNsI Pa3[eIISIIOTCS TIay3aMHy IIUTeIbHOCTBIO

He MeHee 3,5t, Ifie t — BpeMsI Ilepefiadll OTHOTO

6aitta npu ganHoi ckopoctu UART [2].

Ortn pasnnuus Mexnay pexnmamu ASCII

1 RTU umeror Ba)KHbIE CIEICTBU:

o Cuencrsue 1. Tak Kak /I Ilepenadn OHOTO
6aitra nHopmanun B pexxume ASCII tpeby-
eTCs epefiaTh 110 JIMHUY CBSI3U [BA CHMBOJIA
(To ecTp nBa Gaiira), pexxum ASCII npumep-
HO B [IBa pa3a MellJIeHHee, 9eM pexxuMm RTU
(mipu omuHakoBoI ckopoctu UART).

e CrnencrBue 2. B cumy ToOro, 94TO B peskumMe
ASCII cymiecTBy0T 0cOOBIe «CTApPTOBBIE»
U «CTOIIOBBIE» CHMBOJIBL, IIPOIPaMMa MOKET
(bUKCHpPOBATh HAYAJIO U KOHEI] TIepefady C Io-
pasgo Gosee BBICOKOU CTENEHBIO IOCTOBEP-
HocTH, 4eM B pexuMe RTU, rie enuHCTBeH-
HBIM [IPH3HAKOM KOHIIA TIepeadll CITyKUT He-
6oJpIas maysa.

e Crencrsue 3. Tax xak B peskume RTU mayssr
MKy Hepenadeil OTAeIbHBIX 6alTOB B CO-
OOILIeHNY HeIOITy CTHMBI, 9TO MOYKET BBI3BATh
HEKOTOPBIe TPYLHOCTH B IIPOIPaMMHON pea-
JM3aIMH JaHHOTO pexkxuMa. Hampumep, ecin
Hepeada coOOIIeHNs TpepBaHa KaKAUM-TII00
06paboTINKOM IPePBIBAHUS, YCTPOICTBO —
IPHEMHUK COOOIIEHNsT — COUTET 3Ty [ay3y
KOHI[OM IIepelaidl CO BCeMH BBITEKAIOIIUMU
OTCIOZIa TIOCJIeICTBUSIMY B BUJIe HECOBIIaJie-
HHSI KOHTPOJIBHOI CyMMBI, TOT/Ia BCIO TPaH-
3aKIIHIO IPUJEeTCS] HAYNHATh 3aHOBO. B pe-
3yJIbTaTe B IIPOrPaMMy IPUXOIUTCS BBOJHUTD
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JIOIIOTHHUTENIbHBIE MEXaHU3MBI, IPU3BaHHBIE
obecrednTh HeIPephIBHOCTD Iepeladn co06-
IIeHus. B pspe cirydaeB 10CTaTOYHO 3a6J10-
KHPOBATh IIPEePBIBAHIS HA BpeMs Iepefain
COOOILEHNST, €CITU ITOTO CIeTIaTh Helb3sl, BO3-
MOJKHO OTJIOXKUTB IIepefjady Ha BpeMeHHOU
IIPOMEKYTOK, B KOTOPOM IapaHTHPOBAHHO He
MOJKeT BO3HUKHYTb IIPepPhIBAHIE C JJIHTeIb-
HO#1 06pabOTKOIL, CIIOCOOHOI HAPYIIUTS IIPO-
Iecc mepeadn COOOIIeHNs.

MBI BUINM, 9TO 062 pe)kKUMa HMeIOT CBOU
IIPeNMYyIIIeCcTBa ¥ HeIOCTATKU, 1 HeBO3MOKHO
OJTHO3HAYHO PEeKOMEHIOBATH IIPUMEHEHHE Of-
HOTO U3 HUX «Ha BCe CIIyYau sKU3HW». Hamryd-
IIMM pelleHueM OyIeT MOoIepsKKa B pazpaba-
TBIBaeMOM IPHOOpe 0O0UX PEKIMOB IIPOTOKO-
1a Modbus.

BepHeMcst K aHanmu3y puc. 1. M3 Hero cireny-
€T, 9TO IJIsI IIOJIHOLIeHHOU nopaepskku Modbus
B BEJIOMOM H BeJIyIlleM yCTPOICTBe HaM Heo0-
XOJIIMO Pean30BaTh ABa 6a30BbIX AITOPUTMA:
nepenady coobrreHus (coctosiHus 1.2 u 2.4)
U TIpueM coo01rienus (cocTosiaus 1.4 u 2.2), npu-
qeM Ka)K/bIil U3 HUX TOJDKEH OBITh Pealn30BaH
B IBYX BapuaHTax: 1y peskuma ASCII u s pe-
xxuma RTU. Anroputm mepeadu cOoOIeHUs
BexymuM ycrporictBoM B pesknme ASCII yske
paccMaTpUBAJICS B IPeIbIIyIIeil CTaThe, Iepe-
lada OTBETHOTO COOOIIIEHH ST BEOMBIM YCTPOIi-
CTBOM IIOJTHOCTBIO QHAJIOTITIHA, TI03TOMY Cefrdac
MOYKHO IIepelITH K OIIICAaHHIO IIpUeMa coo01IIe-
uus B pexumMe ASCII (TaHHBII aITOPUTM TakKe
OJITHAKOB KaK JIJIs1 BEYIIIero, TaK U IS BEOMO-
IO yCTpOIiCcTBa). KOHeUHbIi aBTOMAT, BBITIOHS-

fomuit mpueM cooburennst Modbus B pexxime
ASCII, npencrasiien Ha puc. 2. Ero pa6ota mpo-
cra. B cocrostauu 1 o6nyI1sIeTCs caeTdnk Oyepa
I, 1 aBTOMAT JKIET mpreMa CUMBOJIA "t (CUMBOIT
Hadasa COOOIeH s). B cocTOSHUN 2 KaXKIblit
HPUHSTHI CHMBOJI 3archiBaeTcst B 6ydep Data
o morydennst cumsoa LF (kog xx), cirysxarie-
TO IPU3HAKOM KOHIIA COOGIIIEHHsI, T0CIe Iero
ABTOMAT HEPEXOJUT B COCTOSIHNUE 3, B KOTOPOM
IPOMCXOMUT IIPOBepKa II0JISL ajpeca coobire-
HusL. [I7151 BeIOMOTO yCTPOIICTBA 9TO TIOJIE IOJDK-
HO COBIIAZIATh C af[pecoM ycTpoiicTsa. Ecmu ke
IPHEM OCYIIeCTBIISIeTCS BEAYIIUM YCTPOHCT-
BOM, TO €CTb COOOIIIeHNe SIBIISIETCSI OTBETOM Be-
IIOMOTO Ha paHee [OCIAHHYI0 KOMAaH/Y, B I10JIe
ajipeca JOJDKEH COZIepyKaThCsI afjpec OTBEeTHBIIIE-
ro Begomoro. Eciu ato He Tak, To coobreHme
aIpecoBaHO APYTOMY yCTPOICTBY, B aBTOMAT
CHOBA IIEPEXOIUT B COCTOSIHNE | M OKH/IaeT Ha-
Jaso cregyomuiero coobmenust. Ecmm sxe agpec
COBIIAIaeT, ABTOMAT IIEPEXOJUT B COCTOSIHHE 4
«BBIYHCIIEHNE KOHTPOJIBHOI CyMMBI». ECITH KOH-
TPOJIbHASI CyMMa COBIIAAeT C [IePEIAHHOI B CO-
OO1IIeHNH, IPHeM COOOIIIEHIIST CIUTACTCST Y CIIeLL-
HO 3aBepIIEHHBIM 1 aBTOMAT IIPeKparriaer pabo-
Ty. ABTOMAT TaK)Ke OCYIIeCTBIsIeT 06paboTKy
Psifia HEIUITaTHBIX CUTYALIHIT, KOTOPbIE MOTYT BO3-
HUKHYTSH IIpH mpreMe coobenust. K rakum cu-
TyaIlHsIM OTHOCSITCS CJIEAyIOLLIIe:
® [IPUHST HEIOITYCTHUMbII CUMBOJI ([IPUHSITBIH
CHMBOJI He TIPUHAIUIEKUT MHOKeCTBY {'0'—'9',
'A—'F', "', CR, LF});
® [I0CIIe IpHeMa CHMBOJIA, He SIBJITIOLIETOCS 3a-
BepuratonuM (LF), mporo 6oiee 1 ¢;
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dhopmMupoBaHue UART

coobLueHns

==

ceobopneH?

nepepatb
coobLeHne

nepegava

3aBepLieHa

Puc. 3. KoHeuHbiit aBTomar nepegauu coobueHist Modbus 8 pexxiume RTU

e pasmMep Gydepa IPeBBICHIT MAKCHMAJIBHO JJ0-

nycrumMblit (koHcranTa BUF_SIZE Ha puc. 2);
® He COBIIAJaeT KOHTPOJIbHAS CyMMa.

BO3HUKHOBeHHE OIIOOK TAKOTO Poza Ipu
paboTe yCTPOICTBA CBUETEIBCTBYET O IIJIO-
XOM KadecTBe CBA3H (CUJIbHBIE JIeKTPOMaAr-
HUTHBIE IIOMeXH, IIJIOX0e 9KPaHHPOBAHHE,
CJIMIIKOM OOJIBbIIAs NIMHA JINHUYU CBSI3H, He-
cobmofieHre TPaBIII MOHTaKa | T. I1.). [TosiB-
JIeHHe OINHO0K MOKET TaKKe CBUIETeIbCTBO-
BaTb 0 HEKOPPEKTHOII paboTe Mmepenaromero
ycrpoiicrBa. O6paboTka omnbox 6ymer pac-
CMOTpeHa 4yTh II033Ke, a Celrdac mepeigem
K OIIICAHHIO JITOPUTMOB IIepelady U IpHeMa
coobrennit B pexxume RTU.

Mepegaua u npuem coobLeHH
B pexkume RTU

[Tepenada cooburenus B pexxume RTU ocy-
ILIeCTBIISETCS IPOCTERIINM 00pa3oM (puc. 3):
Iepefalolee yCTpOcTBO hopMupyer coobme-
HEe (cocTosIHUe 1), ToXKuaercs, B Crydae He-
06x01uMOCTH, 0cBo60KIeHNs Oyepa mepenar-

yuka UART (cocrostHue 2) u oTIpasseT coo6-

mienne (cocrosuue 3). Kakux-nmm60 HelTaTHbIX

CUTYaLi1 U OIINOOK 371eCh OKUIATh He IIPUXO0-

IIATCS.

ITpuem coobuiennii B pesxxume RTU (puc. 4)

B IIJIOM QaHAJIOTHYEH IIpHeMy COOOIIEHNUS B pe-

sxxume ASCII. PazHnma Mexny HUMH COCTOUT

B CJIEAYIOIIEM:

e Tlepexon U3 cocTOsIHUSA 2 (OMeIeHHe 000~
ieHust B 6ydep) B cocrostaue 3 (mpoBepka
II0JISL afjpeca) OCYIIIECTBILIETCS He [0 IPHeMY
3aBEPIIAOIIETO CUMBOJIA, a [0 TaliM-ay Ty, Be-
JIMYUHA KOTOPOTO 0J/DKHA OBITH paBHA 3,5
IJIATEIHOCTH TIepefiadrl OLMHOYHOTO GariTa.

e OTCyTCTBYeT IIPOBEpKa Ha OMYCTUMOCTD
CHUMBOJIA, TaK Kak B peskume RTU Bce BO3MOX-
HBIE KOIBI B MuarasoHe 0...255 SBIISOTCS 0-
ITYCTUMbBIMU.

e OrcyTtcTByeT omMbKa TafiM-ayTa, TaK KaK I1a-
y3a MEXly CUMBOJIaMH HHTEPIIPETUPYETCS
B IAHHOM PeKUMe KaK IIPH3HAK 3aBEPIICHUS
Hepenadu CooOIeHs.

e TIpuem coOOLICHUS HAYMHACTCS [IPH TIOJTyYe-
HUH JIF000T0 CMBOJIA (TIePeXOft M3 COCTOSIHMS 1

B COCTOSIHHE 2), TaK KaK CIeI[HaIbHbII «CTap-

TOBBII» cuMBOI B pexkume RTU orcyrcrsyer.

B 3aBepureHne o6CyKIeHUS peann3ainn
npotokosia Modbus npusenem 060611eHHBIE
QJITOPUTMBI ITOIEPIKKH IIPOTOKOJIA JJIS By -
IIIer0 ¥ BEJIOMOTO yCTPOICTBA, IeTAIH3UPYIO-
1ire 1300 pakeHHbII Ha prC. 1 TOPsIOK 06me-
Ha IAHHBIMI.

0606weHHbIH anropuT™ paboTbl
Beayuiero yctponctea Modbus

O60611eHHBII aIrOpuT™M paboThI BeyIie-
ro ycrpoiicrBa Modbus nsobpaken Ha puc. 5.
ITepen TeM KaK IIepeiiTu K MOAPOOHOMY 0OCYsK-
JICHUIO ero PabOoThl, HATIOMHUM YHUTATEII0, 4TO
MBI PacCMaTpUBaeM aJTOPUTMBI B paMKax
SWITCH-TexHOMOrNM Kak KOHETHbIE aBTOMa-~
ThI, BBIIOJIHSIOIIHECS II0049ePeIHO B [JIABHOM
ITUKJIe IIPOTPaMMBI, aHAJIOTIIHO TOMY, KaK BbI-
HOJHSAIOTCA 3a1a4H (IIOTOKH) B OIIePAIIMOHHOM
CHCTeMe C KOOIIePaTHBHOI MHOT033/[aYHOCTBIO.
IToaToMy aBTOMAT MOKHO CIUTaTh AHAJIOTOM
IIOTOKA U IIPEICTAaBUTh ce0e, ITO BCe TAKHeE aBTO~
MAaTBI-TIOTOKH BBIIIOIHSIIOTCS HapajIe]bHo.
Ha puc. 5 n306pakeH IMEHHO TaKOil aBTOMAT-
IIOTOK, KOTOPBII BBIIIOJIHAETCS apaJUIeIbHO
C OCHOBHOI ITPOrpaMMOil KOHTPOJLIepa U 06~
CITy’KHBaeT BBOJI/BBIBOJL COOOIIIEHHII 110 IIPOTO-
kory Modbus. Pabota aBTomara ynpasiseTcst
IBYMSI COOOLIEHUSMHU «U3BHE»: «HAYaTh TPAH-
3aKIINIO» — COOOIIEHIe OT OCHOBHOI ITPOrpaM-
MBI (Ipefmosaraercs, 4To nocsuika Modbus

coobleHne:
NPUMHAT cuMBOA ch

coobLeHue:
NPUHAT CUMBOA ch

HeT npuema

azpec

npoBepKa nons agpeca

(cocTosiHWe oXkuAaHUs)
i=0
1
ol ipee /I/

coBnagaet

NoMecTUTb CMMBOA ch
8 Bycbep npuema

i >=BUF_SIZE

Datali] = ch;
i++; %)

coobLieHue:
TauM-ayT npuema

aapec
BblUMC/IEHUE
KOHTPOJIbHOM CyMMbl

cosnagaet

KOHTpPOJ/IbHaaA cymma

owwubKa:
nepenonHenue bycepa

‘ olwmbka:
KOHTPOIIbHaN CyMMa HecoBnazieH1e KOHTPO/IbHON CyMMbl

He coBnagaet

np1em 3aBepLUeH yCnewwHo

Puc. 4. KoHeuHbiit aBTomar npuema coobuuetns Modbus 8 pexxume RTU
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coobuieHue:
HauaTb TpaH3aKLMio

uuuunanusaums UART

coobuerne:
Hauano npuema
(B 6ycpep UART
NoCTynWA CMMBOJ)

1

y

nepepadva 3aseplieHa

OXMAaHKEe KOMaHAbI nepejava
Ha nepejavy OT OCHOBHOM coobLueHust
nporpaMmbi Modbus

2

]

npuvem 3aBepLuUeH ycnewHo,
TPaH3aKuuAa 3aKkoHYeHa

OXupaHue oTeeTa
BeaomMoro

N

npuveM OTBETHOrO
coobuienns Modbus

owwmbKa:
Tanm-ayT

owmbka:

HEeAOMyCTUMbIA CUMBON
owmnbKa:

1

naysa nepeg

1

L MOBTOPHOM nepefayen

obpaboTka ownbok

Tanm-ayT

owwubKa:

nepenonHetue bydepa

owwubka:

HEeCOBNazieH1e KOHTPO/IbHOM CYMMbI

Puc. 5. 0606wweHHbIN anroputm paboTbl BeayLuero yctpoictaa Modbus

dopmupyercs u pasmeriaercs B 6ydepe mepe-
a4y OCHOBHOM IIPOTPaMMOII) M «HA4aJIO IIPU-
eMa» — COOOIIeHIe, KOTOPOe CUTHATH3UPYeT
0 TIOCTYIUIEHUH CUMBOJIA B IPUEeMHBII Oydep
UART u popMHpYeTCst COOTBETCTBYIOIIMM 00~
paborunkom npepsiBanus UART. Htak, moTokx
nocie uannuanusanun UART (cocrosuue 1)
IIEPeXOIUT B COCTOSIHIE 0KuaHus 2. Kak Tomn-
KO OCHOBHas IIPOrpaMMa OT/IaeT KOMaHJLy Ha Ha-
YaJI0 TPAH3aKIIUH, aBTOMAT IIEPEXOJIUT B COCTO-
sHUE 3, B KOTOPOM IIPOHMCXOIUT Ilepenada coo0-
IIeHus (B 9TOM COCTOSIHUH «3aKIIOYeH» ONUH
13 PACCMOTPEHHBIX BbIIIIE AJITOPUTMOB IIepefia-

qu coobuienus B pesxume ASCII in6o RTU).
ITocrte mepenadn COOOIIEHUSI KOHTPOILIEP 0K~
JIaeT OTBeTa BEJlOMOIO YCTPOIICTBa (cocTosIHHE 4).
Oknpanue oTBeTa OTPAHIIEHO 110 BPEMEHH
1 0OBIYHO He IIPEBBIIIAeT HECKOIBKIX CeKYHI.
IIpu mOCTYIICHNH IIePBOTO CHUMBOJIA OTBETHO-
ro coobrienus B 6ydep UART aBromar mepe-
XOJHUT B COCTOSIHHME 5 (B 9TOM COCTOSHUH Pag-
MeIIIeH OJUH U3 PACCMOTPEHHBIX BBILIIE AJIT0-
putMOB npuema coobenust). [Ipu ycrerraom
prieMe COOOIIECHIS TPAHSAKIIHS CINTACTCS 3a-
BepILIEHHOI, i aBTOMAT [IEPEXOUT B COCTOSIHIE 2,
OKHJast CIIeTYIOIIelt KOMAH/[bl OCHOBHOH IIPO-

rpaMmbl. IIpu BOSHUKHOBEHHH OMIMOKH HIPH
IpreMe aBTOMAT BbIIEP/KUABAET Iay3y (COCTOsI-
HHe 6) 1 TOBTOPSIET Iepeaady coobimeHus (co-
crosiaue 3). MoXXHO 0OpaTHTh BHUMAHUE Ha TO,
9TO MEKIY COCTOSHUAMU 5 1 6 Ha puc. 5 H306-
paxkeHO cocTosiHUE 7 «06paboTKa OIHOOK».
B npunnumne, mporokon Modbus e mpegycma-
TPUBaeT KaKkoi-1ubo crenuduieckoi obpa-
60TKM OmHMOOK B HPUHATHIX COOOIIEHHIX
(B ciTy4ae BOSHUKHOBEHUSI OLIMOKH TP IPH-
eMe BeffyIIiee YCTPOHCTBO IOJIKHO IPOCTO [IOBTO-
puth mepegady koMasasr). OHAKO MBI MOXKeEM
BBECTH B IIPOTPAaMMY yCTPOICTBa, HAIIpUMep,

uHuumanusauus UART

1

npuem coobLieHus
Modbus

owwubka:

owmbKa:
Tanm-ayT

obpaboTka ownbok owmbka:

owwubka:

Np1eM 3aBepLUEH YCNeLwHo

[neKoaupoBaH1e
coobueHus

UCNOJSIHEHWE KOMaH bl

4

HefonyCcTuMmbl 1 cumBoN

nepenonHexue Bydepa

HecoBnageHwe KOHTpOHbHOﬁ CYMMbl

OTBETHOrO CoObLLeHHs

hopMHpoBaHHe

nepenaya oTBeTHOro

Modbus coobLeHust
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NnpoeKTupoBaHHe

JKYPHAI OLIHOOK, IPUIeM C HOIpasnesieHueM
[IPUYUH BOSHUKHOBEHWS TOH MJIM HHOM OIInG-
KU (HecoBIajieHre KOHTPOJIBHOM CYMMBI 1 T. I1.).
Hanwawe Takoit nHbopManun MoxeT GbITH
OYeHb [OJIE3HO [PH OTJIAnKe CUcTeMbl. Harpu-
Mep, HabI0ast 32 MHTEHCUBHOCTHIO BOSHUKHO-
BeHM OIIMOOK B KaHAJIE CBSA3U, MBI MOYKEM I10-
IOOPaTh OIITUMAIBHYIO CKOPOCTH [IepeNadn JaH-
HbIX B cetd Modbus.

06061weHHbIN aNropuTM padoTbl
Begomoro yctpoctea Modbus

O600111eHHBII AITOPUTM PabOTHI BEJOMOTO
ycrporictBa Modbus nzo6pasken Ha puc. 6.
OH 10X0’K Ha COOTBETCTBYIOIIHII AITOPHTM Be-
IYILIETO YCTPOMCTBA, C TOX JIUIIh PasHUIIEN, 9TO
oIepanuy IPOUCXOIAT B 00PaTHOM IIOPSIIKe:
CHaYajIa IPHHUMAETCS cooOmIeHne (COCTOs-

HHe 2), 3aTeM, I0CJIe IeKOTUPOBaHMs KOMaH]IBI,
ee HCIOIHeHNs 1 POPMHUPOBAHUS OTBETHOTO
co0011IeHNs (COCTOSHUS 3—5) IPOUCXOAUT IIe-
pefiada oTBeTa BelyIeMy yCTPOMCTBY. OTimdame
3aKJII0YAETCS U B TOM, UTO IIPH BO3HUKHOBEHHH
OIMIIOKHM IIpHeMa BeIOMOe YCTPOCTBO He 0051~
3aHO IIOCBUIATh OTBETHOE COOOIIIEHHE, OHO IIPO-
CTO IOJDKHO JIOKIAThCSI, KOT/Ia MacTep MepenacT
KOMaH[y oBTOpHO. COCTOsIHME 7, KaK H B IIpe-
IBIAYIIEM CITydae, He BJIIeTCS 00513aTeNIbHBIM,
HO BecbMa II0JIE3HO IIPH OTJIAKE.

Ha 6ase SWITCH-TexHOIOrHE MOTYT OBITH
PeaI30BaHEL U APYTHE IPOTOKOJBI Ilepeadn
JNAHHBIX [3, 4].

B ciepyormmel ctatbe OymeT paccMOTpeHa
peanusanus Ha ocHoBe SWITCH-rexnonmorun
psifia AITOPUTMOB, IOJIE3HBIX IIPH Pa3paboTKe
IPOrPaMMHOTO 00eCIIedeHH s Il MHKPOKOHT-
poJIepos.

Abmop Buipaxaem 2nyboxyto 61az00apHOCb
Anamonuto Abpamobuuy Illanvimo 3a 3ameuanus
u HayuHoe pedaxmupobanue crmamvil. |
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