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AHHOTaLUA

Hoxyment "Omucanue nporpaMMbl’ TMpeJHA3HAYEH IS HWCIIOJIb30BaHUS B  KauyecTBE
PYKOBOJICTBA IO NprMeHeHuto mporpammsl "ACK".
B HacrosimieM JOKyMEHTE COAEPIKUTCS OMMCAHWE TMPOTPaMMbl M CBEACHUS, HEOOXOIUMBIE IS
9KCIUTyaTaIlly IPOTPAMMBIL:
* TPHUBOAATCS OOIIMe cBeaeHUs (Ha3HAYCHUE, OCHOBHBIC (D)YHKIMU, BXOIHbBIC U BBIXOJHBIC JaHHBIC
T.J1.);
*  OMHCHIBAIOTCS MapaMeTPBhI AJIsl HACTPOUKH IPOTPAMMBI.

1 OBILIUE CBEJEHUS

[Iporpamma "ACK" ympapnsieT mpoiieccoM cOopa JaHHBIX OT YPOBHEMEPOB TEH30METPHUUECKHX
(YpT) u ocymiecTBIisieT pe/ICTaBICHHE HA SKPAHE Pe3yIbTaTOB.
Ces3b ¢ YpT ocymiecTBisieTcst Mo ABYXIPOBOJHON (PU3NUECKOHN JIMHUU.
[Iporpamma Hanucana Ha sizbike BorlandC++. Kommunsitop "C++ Builder StandardBepcus 5.03.

SKU:[CPC1350WWFS180

>++ BUILDER 5 STD FULL E
SYSTEM -
5/0: RP25540

.0T QTY: 58 I
/ERSION: 5.0 s I 3963971254335

2 ®YHKIIMOHAJIBHOE HA3AHAYEHHUE ITPOI'PAMMBbI

[Iporpamma "ACK" mpennasnaueHa i ymnpasieHHs TporeccoM cOopa maHHeix oT YpT mo
RS-485umu no USB uepe3 koHBepTOp.

3 OIUCAHHME JJOTHYECKOM CTPYKTYPbBI
3.1 O06mmas cxema paboOTBl IPOTPaAMMBbI

WnrepaktuBHas mnporpamma “ACK" paboraeT moj ympaBlieHHEM OIepaTropa, KOTOPBIH C
MOMOIIIBIO TOPSTYMX KJIABHII U PA3JIMYHBIX TIOJICKA30K CaM BHIOMPAET HY)KHBIE €My JICHCTBUS.

OTka3 ot BEIOpaHHOTO BUAA pabOTHl BCETJa OCYIIECTBISETCS HakaTHeM KiaBuiu ESC.
B nporpamme peann30BaHO KOHCOJIEHOE OKOH, B KOTOPOM pa3MeNaeTcs Tadlmia ¢ NU3MEpeHHON
uH(pOopMaImei.
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W lormows F3anuce EMTenue W Homep HEdHBuxon

Jjist yripaBiieHUsl B IPOTpaMMe UCTIOJIB3YIOTCS CIIEAYIOUINE KIIaBHUILH:

» F1 -nomomk. BeiBoj Ha sKkpaH (haiina moMoriu;

» F2 - zarpy3ka ¢aiina ¢ Hactpoiikamu B YpT. Hms daina dopmupyercs wu3
HOMepa/uaeHTr(duUKaTopa JaTdrKa W pacmuperus “.Xmx”. daiin M0KeH Ha30UTCS B
mupekropun “UPLOAD”. HomMep naTunka BBOJUTCS C KIIaBHATYPHI;

» F3 -urenue Hactpoek u3 YpT u 3amuchk ux B ¢aiin B aupexroputo “DOWNLOAD” -
aHajorosele. Mwms ¢aiima ¢dopmupyercss u3 Homepa/umeHTH()UKATOpPA JaTIHKa |
pacmmpenus “. Xmx”.;

» TAB - utenue Homepa/uaenrudukaropa YpT ;

» DEL —nepekimodyeHre Ha KaTMOPOBKY TOKOBOTO BBIXO/IA;

» ESC -Bmixogn.

3.2 OnepaTUBHBINA IPOCMOTP WHPOPMAITUH

Tabnuma  Ha SKpaHE CONEPKUT HU3MEPHUTEIbHYIHO HMH()OPMALMI0O M HMMEET CIIEIYIOIIYIO

CTPYKTYPY:

[TapameTpsl - HAUMEHOBAHUE U3MEPSEMOTO MMapaMeTpa;

> < - MAaKCHMaJbHO BO3MOKHO€ OTKJIOHEHHE TEKYIIEro M3MEpeHHs OT €ro CpeIaHero
3HAYCHHS;

Cpennee - ckonp3siiee cpeaHee 3a 10 MunyT;

Tekymiee - cpenHee u3mMepeHHoe 3HaueHne (00bIYHO 32 5 cek);

MuHUMYM — MUHUMAaJbHOE CPEAM BCEX M3MEPEHHBIX 3HAYEHWM, W3 KOTOPBIX
BBIYHCIIAECTCS CPEAHEE 3HAUCHHUE;
MakcuMyM — MakCUMaJbHOE€ CpEOu BCEX W3MEPEHHBIX 3HAUYEHHMH, U3 KOTOPBIX

BBIUUCIISIETCS CpETHEE 3HAUCHUE;
Konper AT —u3mepennas nadopmariys 10 npeodpa3oBaHus B GU3HMUECKYIO BEIIUIUHY.



4 BXOJAHBIE JAHHBIE
4.1 Onucanue haiioBoit cpepl HYHKIIMOHUPOBAHUS TIPOTPAMMBbI

ACK.INI. Hcnomp3yeTcst uisi HACTPOHKH MPOrpaMMbl Ha KOHKPETHBIC YCIIOBUS TpUMEHCHHs. B
9ToM (paiie omMcaHbl ~ BCTPOCHHBIE H3MEPHUTEIbHBIC IUIATHl, KOMMYHHKAIIMOHHBIC TTOPTHI
BBO/Ia/BBIBO/IA, IEPUO/IbI 3aIIKCH PE3yJIbTATOB B 0a3y JaHHbIX;
ACK.PAR. Ucnosb3yeTcs 1Jist TOJHOTO OIMMCAHUS U3MEPSIEMBIX MTapaMeTpOB.
ACK.PSE. Hcnons3yercss Ui HACTPOHKHM BPEMEHHBIX 3aJICPKEK M JIPYTMX BCIIOMOTATEIbHBIX
3HaYCHHI B IPOrpamMMe.

4.2 Nanmmamuzanus YPT

[Tpu 3anycke nporpamma ACK cuuteiBaet daiin naurmanusanuu YPT ACK.INI, B kotopom

HaXOJATCs 3HAYCHMS [TapaMeTPOB, ONPEIEISIOIINX MOPSII0OK pabOTHI.

Hnst nactpoitku YPT ucnonb3yrorcs cienyrolmne napameTpbl:

Homep - HOMep oObekra. OOBEKTOM MOXKET OBITH BCTpPOEHHAs HW3MEpUTEIbHAs IUIaTa,
M3MEPUTEIBHBIN KOHTPOJUIEpP, MOJAKIIOYEHHBINH MO KaHaly CBSI3W, JOMOJHUTENbHbIH YPT u T.1.
Homep oObexTa yHUKANEH U omnpeessieT Habop u3MepsieMbIX apaMeTPOB WM MPOTOKOJ OOMEHa.
Bce ctpoku daiina ¢ 0IHUM U TEM )K€ HOMEPOM OTHOCSTCSI K OTHOMY OOBEKTY, M BCS IIOJTydaemast
uHpopMaIus cooupaercst B oJHoM Oydepe.
Ilepuon - maTEpBaN, Yepe3 KOTOPHIM NPOUCXOAUT Nepenada nanHbix B LIJIIT;
ITopT - cocToUT K3 ABYX YacTe:

1) Tun B3aUMOJCHCTBHS C 0OBEKTOM:

v "n", “N” - mopThI HCMOIB3YIOTCS IS TIOJKJIFOUEHHUS 110 JIMHUK ¢ TIPOTOKOJIOM OOMeHa
MODBUS-RTU onrcanHbIM HUXE;

2) xoMMyHHKanMOHHBIN mopt 1 - Coml;
[IpoTokon - cocTOUT U3 4-X YacTeii:

1) ckopoctsb nepegaun qanubix (19200);

2) nnmuHa nocelIkd  (8);

3) komuuecTBO cTOMOBBIX OUT (1);

4) koHTposb oura yetHocTr (O-HET KOHTPOJIs).
JlomoiHeHUe — BCIIOMOTATENbHBIA MapaMeTp, KOTOPBIM HCIOJB3YETCSl B 3aBHCUMOCTH OT
BbIOPaHHOT'O THUIIA B3aUMO/IEUCTBUSI.

4.3 VlHnnmanu3anys u3MepsieMbIX TapaMeTpOB U MOMPABOK

IIpu 3anmycke mnporpammbl cuuthiBactes ¢aitn  ACK.PAR, coxepxamuii cienyromme

napaMeTpbl HAaCTPOUKHU:

HanmeHoBaHue - HAMMEHOBAaHUE TTApaMETPa MM MPOUEPK.

EnuHuIb n3MepeHust - eTMHALIBI H3MEPEHHs TapaMeTpa.

VYcoBHOE UM - COKpAIIEHHOE UM WU (pOopMYJIa [T IPEICTABICHUS B TEJIErPaMMe HITU TIPOUYEPK.
Kon mapamerpa - maTMHCKHIA CUMBOJI, KOTOPBIM KOJAMPYETCS IMapameTp BHYTPH HPOTPaMMbl H B
6a3e maHHbIX. Ecim yciioBHOE MMS - MpOYEpK, TO KOJ HCIIONB3YeTCs BMECTE C HOMEPOM IS
IpeACTaBICHUs MapaMeTpa B TeJIerpaMMe.

Howmep nmapameTpa - mopsaKoBbIid HOMEp IMapameTpa ¢ OJAMHAKOBBIM KOJIOM.

Tun — kak u3mepsiercs mapamerp. "A" — aHaJOTOBBIN MapameTp.

NCO —uHTEpBall CKOJIB3SIIIET0 OCPETHEHUS B CEKYHIaX.



e ®dopwmar BbIBO/Ia - GOPMAT MPEACTABICHUS H3MEPEHHOTO 3HAYCHHS B TeJIErPaMMe WIIA B TaOJIHIIE B
dbopme, npuHATOM B s13bike mporpammupoBanus C (%o n.df - rae n - oOIiee YUCIO CHMBOJIOB BMECTE
C IECATUYHOM TOUKOH, d - yucio nudp mocie AeCITUIHON TOYKH).

e JleBas rpaHMIa - JieBas TpaHMIA W3MEPSEMOrO JMANa3OHa, BBIXOJ 33 KOTOPYIO TOBOPHT O
HEMPaBWILHOMN paboTe anmaparyphl.

* [IpaBas rpanuIia - mpaBas TpaHUIla H3MEPSIEMOT0 HANa30Ha, BBIXO 32 KOTOPYIO TaK )K€ TOBOPHUT O
HEMPaBWJILHON paboTe anmaparypsl.

e [IlorpemHocTh — BO3MO>KHbIE OTKJIIOHEHHMSI MTHOBEHHBIX 3HAUYEHHUH OT cpejHeil BenuuyuHbl. Eciaum
OIKCBIBACTCS MOJYJIb CKOPOCTH BETPA, TO 3TO 3HAYCHHUE OINPEIEIISET CMEICHHUE JICBOW IPaHUIIBI B
CTOPOHY TpaBOW T'PAHWIIBI JUIS BBIYHMCIICHUS JMAana30Ha MU3MEPCHHsS MOJIYJs CKOPOCTH BETpa, B
KOTOPOM MOXKHO H3MEpSTh W HANpPaBJICHUE BETPa, T.C. €CJIU CIOXHUTh JIEBYKO TpPaHHIy U
HOTPEIIHOCTh MOJIYYUTCS JIeBasi TPAHUIIA [Tl OTOPAKOBKH HATIPABJICHUSI BETPA.

* Kosbdummentsl moJMHOMAa — HayaJlbHOE CMEIIEHHWE apryMeHTa U KO3(PPHUIIUEHTHI
anMnpoOKCUMUPYIOIIEro moymHoma 1o 9 crenenu yepe3 npooden ((/Xo/, G, ¢, G ¥ T.4. B hopmyne Y =
Co + &*(X-Xo) + Cz*(X-Xo)2 + ... ). Ilo ymomuanuro Xo=0 u BBOIUTCS B Cilydae HEOOXOIUMOCTH
nocie cmma /7 mepen koddduuuenrom Cp. Ecmu cremens nonmHoma O, T.e. yKasaH OJHH
ko3 dumment  C, pe3yabTaT mpeodOpa3oBaHUs OyneT - TpaBas TPaHUIA, €CIH H3MEPEHHOE
3HauYCHHE OOJIBIIEC UM PABHO Cp ILUTIOC MOIPEIIHOCTD - JIEBask FPAaHHUIIA, €CIIM U3MEPEHHOE 3HAUCHHUE
MEHBIIIEC WIH PABHO Cy MHHYC MOTPEIIHOCTh U CpeHee apu(hMETHISCKOE JICBOW U TPABOW TPAHHUIIBI
B IIPOTUBHOM ClTy4ae.

4.4 'Hunnamm3anus BpeMEHHBIX 3a/ICPKEK

[Tpu 3amycke nporpammsl cuntbiBaetcs (aiin ACK.PSE, coxepskamniuii cienyromme napaMmeTpol
HaCTPOMKH:

* unentuduxanmonnsiii Homep YPT.

* paszpelieHue pacuera CpeHEeKBaIPATUYECKOTO OTKIOHCHHS;

* maysa nocie nonydeHus curiana ATC "3ansaTo” 1o crneayromiero Habopa HOMepa,

* may3a nocie cOos B JIMHUM CBSI3U IIepe]l CIEAYIOINM Ha0OpoM HOMEpa;

* BpeMsl OXKUIAHU TeJIErpaMMBbl TIoclie ycTaHoBJeHus cBsizu ¢ YPT yepes TenedoHHBbIiM
HAYES-monem nocne curnana CONNECT;

* OXXHJaHHe ycTaHOBiIeHUs cBsi3u ¢ YPT mocne Habopa HOMepa - BpeMst O’KUIaHHUS OTBETHOM
TEJIETPaMMBl;

e oxunanue curtaia CTSor mozema;

* OXKHJIAaHHE PAJUOCBSI3HU - OXKHJIAaHHE OTBETHOM Tenerpammbl uepe3 Y C-100;

* Bpems cHATHs curHaina DTR aiis oTkiItodeHus oT TeneOHHON JIMHHUH - "TIOJI0KHUTh
TpyOKy";

e oxuganue coodmenns "OK" or HAYES-monema;

* BpeMs IS HACHTU(UKAINN 3aI[HKINBAHIS OYePeH,

* BpeMsi, OTBOJAMMOE IIPOrpaMmMe Ha 00pabOTKy COOBITHS,

* TaiimayT A cOpoca MakcumMyMa B THKax. [locie nmpuxonaa ouepeiHoro 3amnpoca
IporpaMMa BBIIEP’KUBACT 33JaHHBIH HHTEPBAT U HAYMHAET OTPEICIIeHHEe HOBOTO
MaKCHUMYMa;

* MHTEpBaJ JIs OJOKHPOBaHHS ouepenn, oTBeTurkoM npu npuxoae RING ot HAYES-
MoJeMa,

* o0mIee BpeMsi 3BYKOBOTO COTIPOBOXACHHUS IPU BBIXO/IE 32 TPAHUIIBI TUANIa30HA UJTH T10
TpeBOTe B THKaX;

* JUIMTENILHOCTH 3BYKa/Tiay3bl PH BOCIPOU3BEICHHH 3BYKOBOTI'O CUTHAJIA B THKAX;

* yYacToTa 3ByKa MPHU BBIXOJE 3a TpaHulbl auana3ona B repiax (O - HeT 3Byka);



* yacToTa 3ByKa npu 00bsiBiIcHUN TpeBorn B repuax (O - HeT 3ByKa);

* WHTEpBAJ, B CEKYHJIaX, Yepe3 KOTOPBIN MOBTOPSIETCS aBapHIHOE COOOIICHUE;

* WHTEpBAJ, B CEKYHJIaX, Yepe3 KOTOPBIN raCHET dKPaH;

* C/IBWT 3arpoca 1o BpeMEHH B CEKYH/aXx;

* PEXUM PE3epBUPOBAHUS NIEPBUYHON MHpopMaluu B noagupekropun SAFE;

* KOJHUYECTBO MOMBITOK YCTAaHOBUTH CBsi3b ¢ LIJIIT;

* BpPEMEHHOUN MHTEPBAJ B THKAX, B TCUCHHE KOTOPOTO YCPEIHSIIOTCS JaHHBIC MPH U3MEPECHUH
YaCTOTHI Yepe3 LeNH KOMMYHHKAIIMOHHOTO TIOPTa,

* omuOKa B MPOIEHTAX (HE UCIIONB3YETCS);

* BpeMs KaJTHOpPOBKH B ceKyHax. Ecim Bpemst kanubpoBku paBHO O, B mporpamme
IINFO.EXE BmecTO KamrOpOBOYHBIX KOAPPHUIIMEHTOB B Ta0JIMIIE OYAET BHIBOIUTHCS
u3MepsieMoe HallpsDKEHHE,

* BpeMs Ha CHITHE KOHTPOJIS BCKPBITHS B CEKYH/1aX;

* WHTEpBAJI CKOJIB3SIIETO OCPEAHEHHS B CEKYHAX;

* MPOIEHT XOPOIINX 3HAYCHUH;

* 3ampPeTUTh 3aMOJHATH (aili MPOTOKOIIA,

* BpPEMEHHOUW MHTEPBaJ CTOPOKEBOTO TaiiMepa;

* yCTaHOBKa TECTOBOTO PEKMMa UIsl BCEX M3MEPSIEMbIX IIapaMeTpOB,;

* WHTEpBAJl B MUKPOCEKYH/IaX JUISl YIAICHUS HCKAKCHHBIX HMITYJIbCOB.

5 MPOTOKOJ OBMEHA

Jliiss oOMeHa JaHHBIMU B CETU HYXKHBI, KAK MUHUMYM, J1Ba ycTpoicTBa. OJIHO U3 HUX - TJIaBHOE
ycrpoiictBo MASTER @ nanbreiitiem Oynem HaswsiBath ero 3AKA3UYMK), koTopoe MOXeT HayaTh
oOMEeH JaHHBIMM, OTIPABUB B CETh MAKET C MHCTPYKUUSAMH, a JPYroe - MOJYMHEHHOE YCTPOMCTBO
SLAVE (B manbueiiiiem Oynem HasbiBath ero UCITIOJIHUTEJID), kotopoe 00pabaThiBaeT MPUHSTHIC
UHCTPYKIHH.. [lopsmok oOMeHa TaHHBIMU B CETH HA3bIBACTCS MPOTOKOJIOM OOMEHa.

[Iporokon HeoOxomumass 4actb paboTel cuctembl. OH ompenenser kak 3AKA3UUK u
HUCTIOJIHUTEJIb ycTaHaBIMBaKOT M MPEPHIBAIOT KOHTAKT, KAK MACHTHU(OHUIUPYIOTCS OTIPABUTEIb U
noJjryyaTellb, KakuM 00pa3oM MPOUCXOAUT OOMEH COOOIICHUSIMHU, KaK OOHAPY>KUBAIOTCS OINHUOKH.
[IpoTokon ympaBiseT LUKIOM 3ampoca M OTBETa, KOTOPBIM NPOUCXOIUT MEXKIY YCTpoilcTBaMu
3AKA3YUK u UCITOJIHUTEJIb.

[Iporoxon moapazymenaert, 4to B cetu oauH 3AKA3UYUK u no 247 UCIIOJIHUTEJIEN. Xots
IPOTOKOT M mojuepxkusaer g0 247 UCIIOJIHUTEJIEN, npaitBep AByxmpoBojHoil mmumn RS-485
o0bryHo moanepxusaer 32 UCITIOJIHUTEJIA. Kaxnomy NCITOJIHUTEJIIO npucBoeH yHUKaJIbHBINA
aJipec yCTpoiicTBa B auamas3one ot 1 10 247.

Tonpxo 3AKA3UMK MokeT MHMIMUPOBATH TpaH3aKlWio. TpaH3akuuu ObIBarOT JuOO THUIA
3anpoc/oteet (agpecyetcst Tonbko oaud UCITOJIHUTEJID), mubo mmpokoBemareabHbie - 03 0TBeTa
(anpecyrorcst Bce UCITOJIHUTEJIN). Tpan3akiusi COAESPKUT OJUH KaJp 3ampoca ¥ OJUH KaJIp OTBETA,
1100 OAMH KaJIp MIMPOKOBEIIATEILHOTO 3a1Ipoca.

Hexotopsie xapakrepuctuku nporokora Modbus ¢ukcupoBansl. K HuMm otHOCsATCS opmar
KaJpa, IOCJIeN0BaTeIbHOCTh KaJpoB, 00pabOoTKa OMMUOOK ¥ HMCKIIOYUTENbHBIX CUTYyalluil, W
BBITIOJTHEHUE () YHKITHA.

Jlpyrue xapakTepucTUKU BbIOMparoTes moJib3oBatesneM. K HUM OTHOCATCS TUI CBSI3M, CKOPOCTh
oOMeHa, MpoBepKa Ha YETHOCTh U YUCJIO CTOMOBBIX OUT, DTU mapaMeTpbl HE MOT'YT ObITh H3MEHEHBI BO
BpeMsi pabOThI CUCTEMBI.

[Ipun nepenavye mo JMHUSAM JAHHBIX, COOOIIEHUS IOMEINAIOTCA B «KOHBEpPT». «KOHBEpT»
MOKH/IAeT YCTPOMCTBO 4Yepe3 «IOpT» U <IePEeCchUIAETCS» M0 JIMHHUAM aJpecyeMOMy YCTPOMCTBY.
ITpotoxon ModbusonuceiBaer «koHBepT» B opme KaapoB coobieHuit. B coobiuenun ects AJPEC
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nontyuarensi, ®VHKI[HA, koTtopyto moiaydaTenb A0DKEH BBINMOIHUTE, [JAHHBIE, HeoOXonuMmble IS
BbInosiHeHus atou pyukuu, u KOHTPOJIBHAA CYMMA niis KOHTpOJIst JOCTOBEPHOCTH.

Korga coobmenue nocturaer UCTIOJIHUTEJIS, oH BCckpbiBaeT KOHBEPT, YUTAET COOOIECHHE,
M, €CJIM HE BO3HHKJIO OIIMOOK, BBIMOJHIET Tpebyemyro 3amaudy. 3arem UCIIOHUTEJIb nomemaer B
KOHBEpT oTBeTHOE coolmieHne u noceutaetr ero 3AKA3UNKY. B orBerHoM coobmenuu ectb A{PEC
yctpoiictBa, @VHKI[HA, xotopas Oblna BeimoiHeHa, /JAHHBIE, monydeHHBIE B pe3yjbTaTe
BbinosiHenus 3anauu, u KOHTPOJIBHAA CYMMA nyist KOHTPOJIS JOCTOBEPHOCTH.

Eciu cooblienne 6bl10 mupokoBemaTenbHbM (coobuienne s Beex MCITOJIHUTEJIEN), Ha
910 yKa3biBaeT afapec 0, To 0TBeTHOE COOOIIEHHE HE MepeaaeTcsl.

Oo6bruHO 3AKA3YUK noceinaer cnenytomee cooduenue apyromy MCIIOJIHUTEJIIO nocne
nprueMa KOPPEKTHOIO OTBETa, JMOO MOCJIe MCTEUYCHUs BPEMEHU OXHUIaHUs OoTBeTa (TaiiM-ayTa). Bee
coobmieHnsi MOryT paccMmarpuBathes Kak 3ampockl 3AKA3UUKA, renepupyromnme OTBETHBIC
coobmenust MCITOJIHUTEJIA. [lupokoBemarenbHble COOOIIEHHS MOTYT paccMaTpHUBaThCs Kak
3arpochl, He TPEOYIOIIME OTBETHBIX COOOIICHHH.

5.1 Pexumsl nepenaun

PesxuM mepeiaun OnpeiessieT CTPYKTYPY OTICIbHBIX OJI0KOB HH(GOPMAIIMH B COOOIIIEHUH U CHCTEMBI
CUKCJICHHUS, UCTIONIB3YEMYIO ISl Tiepeiaun TaHHbiX. B cucreme ModbuscymectByroT 1Ba pexuma
nepenaun ASCIlu RTU (Remote Terminal Unit)Me1 ucrionbs3yem peskum nepenadn RTU, mostomy
Oymem omuceiBaTh mpotokos Modbus-RTU.

B pexume RTU nannbIe iepeaaroTcsi HEMPEPHIBHBIM IOTOKOM B BHIE 8-paspsaHbIX IBOMYHBIX
CHMBOJIOB.

5.2 O0HapyxeHHEe OIUO0K

CymecTByeT ABa TuNa OMIMOOK, KOTOPbIE MOTYT BO3HHMKATh B CHCTEMax CBSI3H. OIIMOKHU
nepefadyd M IMpOrpaMMHbIe WM onepatuBHbie omuOku. Cucrema Modbus umeer cnocoOsr
OTIpeICTICHHsSI KaJKJ0T0 TUIIA OIIHUOOK.

OmmoOku CBsi3M OOBIYHO 3aKIIFOYAIOTCS B M3MEHEHMH OWTa wim OWT coobOmeHus. Hampumep,
oaiir 0001 010Guoxet m3menuThess Ha 0001 01100mMOKY CBSA3M BBISBIISIOTCS TIPH MOMOIIA CHMBOJIa
KaJjpa, KOHTPOJIS TI0 YETHOCTU U U30BITOYHBIM KOJIMPOBAHUEM.

Korna o6HapyxuBaeTcst ommbKa KaJpupoBaHusl, YSTHOCTH M KOHTPOJIBHOW CyMMBI, 00paboTKa
coobmenus npekpamiaercsa. MCIIOJIHUTEJIb He nomkeH reHepupoBaTh OTBETHOE cooOmieHue. Tor
ke pe3ynbTaT OyneT, eciau ObLT HCTIONIb30BaH ajipec HecymecTByomero MCITOJIHUTEJIIA.

Ecnmu  Bo3Hmkaer ommOka CBsI3M, JaHHbIE COOOIICHHMS HEHAJEXKHBI. Y CTPOMCTBO
NCTIOJIHUTEJIb He MOXET ¢ yBEpEHHOCTBIO OMPEACIUTh, YTO COOOIIEHNE ObLIIO aJpecOBaHO UMEHHO
emy. Unaue UCIIOJIHUTEJIb moxkeT OTBETUTH COOOIICHHEM, KOTOpPOE HE SIBISETCS OTBETOM Ha
ucxoanbli 3ampoc. YcrpoiictBo 3AKA3UMK 1omkHO mporpaMMUpOBaThCS Tak, 4TOOBI B cliydae HE
HOJY4YEHHUs] OTBETHOro cooOuieHuss B TedeHue ompeneneHHoro Bpemend, 3AKA3ZYUK npomxen
¢dukcupoBaTh OMUOKY CBs3H. [IPONOIKHUTETHFHOCTh 3TOTO BPEMEHH 3aBUCHT OT CKOPOCTH OOMeEHa,
tuna coobmenus, u Bpemeru onpoca UCITOJIHUTEJIbD. 1o ucreuennro storo nepuona, SAKA3UNK
JIOJDKEH OBITh 3alPOTPaMMHUPOBAH Ha PETPAHCIISAIIUIO COOOIICHHUS.

Jlns obecnieueHus KadecTBa mNepeaavd jJaHHbIX cucrema Modbus obGecrneunBaeT HECKOJIBKO
ypOBHEW OOHapykeHHsi omnOoK. J[7s1 oOHapy)KeHHUs MHOXECTBEHHOTO M3MEHEHMSI OUTOB COOOIICHHS
CHUCTeMa MCIIOJIb3yeT Hu30bITouHblii KOHTpOJh: CRC. OGHapyxkenue omubok ¢ nomompio CRC
BBINOJIHAETCS aBTOMAaTHYECKH.



5.3 KaapoBasi CHHXpOHH3AITUS

B pexume RTU HauamoMm HOBOTO Kajpa SIBJISETCA TUIIMHA B CETU B TEUYCHHE BpPEMEHU
npoxoxaenust 3.5 cumBosioB (T+T+T+T/2, rne T — Bpemsi IPOXOXKACHUS CHMBOJIA TPU BBHIOPAHHOM
ckopoctu npuéma/nepenaun aanubix). MCTIOJTHUTEJIb cunTaer BpeMs mocie Mpuxojaa CHMBOJIA,
€CITM TPOIIO BpeMs, paBHOE MEpUOAy cienoBaHus 3.5 CHMBOJIOB, TO 00pabaThIBaeT NPUHATHIC
nanHbie. Cleyronui MpUHUMaeMbIi OaliT - 3TO aJipec yCTPOMCTBA B HOBOM COOOIIICHHH.

Tabnuua 1
®dopmar kaapa coobiienus B pexxnme RTU
Anpec | Oynkuusa | [lanHbie KonTpospHas cymma
+T+T+ +T+T+
T2 8 our 8 our N * 8 6ut 16 6ut THT+T+TI2

5.1.1Tloxne axpeca

[Tone appeca cnemyeT cpa3y 3a HayaJIOM Kajipa M COCTOUT M3 OJHOTO 8-pa3psiIHOTO CHMBOJIA.
Ot OWTHI YKa3bIBAIOT aAPEC YCTPOMCTBA, KOTOPOE JOHKHO TPHUHATH COOOIICHHE, MOCIAHHOE
3AKA3YUKOM. Kaxneii HWCIIOJIHUTEJIb pomkeH WMETh YHUKAJIbHBIA aJpec, U TOJBKO
aZpecyeMoe yCTPOMCTBO MOKET OTBETUTh Ha 3aIlpoc, KOTOPBIA COJEPKUT ero azapec. B oTBeTHOM
coobmenunn aapec uapopmupyer 3AKA3ZUUKA, ¢ kakum UCITOJIHUTEJIEM ycTtanoBnena cBs3b. B
MIMPOKOBENIaTeIbHOM peskuMme ucnonb3yercs aapec 0. Bce UCITOJIHUTEJIN unTeprpeTHPYIOT TaKoe
COO0O0IIIEHNE KaK BBITIOJIHEHUE ONPEICIIEHHOTO NEHCTBHS, HO 0€3 TOCHLIKH MOITBEPKICHHS.

5.1.2T1one ¢pyHkumu

Ilone xoma Qynkuum ykaspBaer azapecyemomy WCIIOJIHUTEIIIO, kakoe pelcTBHe
BeINOHUTE. Konel Gpynkumit Modbus cnenmansao paspadoransl it cBs3u [IK u mHIyCTpHANbHBIX
KOMMYHUKalMOHHbIX cucreM Modbus.

Crapmmii 6ut sToro nossa ycranasiuaercs B enunauiy MCITOJIHUTEJIEM B ciygae, eciiv oH
xoueT npocurHamuth 3AKA3UMKY, 4to oTBeTHOE COOOIIIEHNE CONEPKUT OMHOKY. DTOT OUT OCTaeTCs
HYJIEM, €CJIM OTBETHOE COOOIIEHHE TTOBTOPSIET 3alIPOC UIIK B CIIy4yae HOPMAJIBLHOI'O COOOIIEHUS.

Tabmuna 2
Kousl ucnonbzyembix ¢pynknuii Modbus

Kon HazBanne JeiicTBue

03 READ HOLDING REGISTERS [Tonyuenue Tekymiero 3Ha4eHUsI OAHOTO WU
HECKOJIBKUX PErMCTPOB XPAaHEHMSI.

06 FORCE SINGLE REGISTER 3anuch HOBOT'O 3HAYEHUS B PETUCTD.

16 FORCE MULTIPLE REGISTERS VcTaHoBUTH HOBBIE 3HAUCHHUS HECKOJBKUX
IOCJICTOBATCIIbHBIX PETUCTPOB.

5.1.311one maHHBIX

[Tone mauHbIX comepkuT uHpopMmarmio, Heodxoaumyto MCITOJIHUTEJIIO ans BeImoHEHUS
yKa3aHHOW  (YHKUIMH, €cOTd 93TO  3alpoc, WM  COACPKHUT  JaHHBIE, MOJITOTOBJICHHBIC
HUCTIOJIHUTEJIEM, ecimu 310 oTBeT Ha 3ampoc. [laHHbIE mepemaroTcs cTapimuM OailToM Brepén
(1—0). Ecnu nepenaérest 4-6aiitoBoe yrcio (2 peructpa) ¢ miaBaroiieé 3amsatoi, T B KaKIOM U3 2-X
PETHCTPOB TOPAIOK CeI0BaHUs OalT ToKe cTapium Oaiitom Brepén (1—0—3—2).



5.1.4Tlose KOHTPOJIBHON CyMMBI

Oto none no3possier 3SAKA3ZUUKY u UCITOJIHUTEJIIO npoBepsiTh cooOlieHne Ha HaIMIue
omubok. MHorma, BeCiencTBHE SJEKTPUUECKUX IMOMEX WM JIPYTUX BO3JCUCTBHMA, COOOIIECHUE TpH
IepEeChUIKE OT OJHOTO YCTPOWCTBA K JPYrOMY MOXKET HE3HAuMTEeIbHO H3MEHUTHCs. Pesynbrar
npoBepku KOHTpoabHOU cyMMbl ykaxeT WCITIOJIHUTEJIIO wnmn 3AKA3UMKY pearupoBaTh Wi HET
Ha TaKoe COOOIIeHHEe. DTO YBEIMYUBACT HAJACKHOCTD U 3 dekTrBHOCTL cicteM MODBUS.

B Modbus-RTU npumensiercs unmkaudeckuii kom CRC-16 (Cyclic Redundancy Check).
CooOmienre  (TobKO OWTBI  JaHHBIX, 0€3 ydeTa CTapT/CTOMOBBIX OMT W OHUT YETHOCTH)
paccMaTpUBAIOTCS KaK OJIHO IMOCTIEIOBATEILHOE ABOMYHOE YHCIIO, Y KOTOPOTO CTApIIUil 3HaYaIuil OUT
(MSB) nepenaercst nepsbiM. CooGLieHre yMHOKaeTCs Ha X 0 (caBuraeTcs BieBo Ha 16 6ur), a 3atem
pemutes Ha X -+X™+X%+1, Boipaxaemoe Kak asonusoe umciao (11000000000000101)]enas acts
pesyibTata WrHopupyercs, a 16-Tu OHTHBII OCTaTOK (MPEeIBApUTENHLHO WHUIHATM3UPOBAHHbIII
eIMMHUIIAMU JIJIS TIPEAOTBPAIICHHUsI CiIydasi, KOTJa BCe COOOIICHHE COCTOMT W3 HyIei) mobaBisiercs: K
COOOIIEHNIO KaK JBa OaiiTa KOHTPOJbHOW cymMmbl. [lonydenHoe cooOmienue, Britodaromee CRC,
3aTeM B MPUEMHHUKE JICTUTCS Ha TOT e TOJIUHOM (X16+X15+X2+1). Ecmu ommboxk He Ob1710, OCTATOK OT
JeNIeHHs] JOJDKCH TONMyduTcs HyieBbM. [lomydarens cooOmenust nomken paccuntatb CRCxox u
CPaBHHUTb €T0 C MOJIyYeHHBIM KOJIOM. Best aprdmeTnka BbInonHsieTest o Moayito 2 (0e3 nepeHoca).

5.4 VcknrounTeNnbHbIe CUTYaluu

Koasl wuckmrountenbHbIX cuTyanuii mnpuBeaeHsl B Tabmuie. Korma HWCITIOJIHUTEJIb
oOHapyXHBaeT OJHY U3 OTHX OWIMOOK, OH mochulaeT oTBeTHOoe coobmenne 3AKA3ZUYHKY,
conepxkamiee agpec MCIIOJIHUTEJIA, xon (yHKIuMM, KOJ OMMOKM M KOHTPOJIbHYIO cymmy. Jlis
yKa3aHMs Ha TO, YTO OTBETHOE COOOIIEHHE — 3TO yBeJOMJIEHHE 00 ommOKe, cTapuii OUT MOJs KoJa
¢GyHkuun ycranasiuBaercs B 1.

Tabmuma 3
Kons! ommbok
Kon Hazpanue CMBICH
OyHKIUS B IPUHATOM COOOIIEHUH HE MOACPKUBACTCS HA
01 | ILLEGAL FUNCTION namsom UCTIOJTHUTEJIE.
02 ILLEGAL DATA AJpec, yKa3aHHBIN B [1OJI€ JAHHBIX, SBJSETCS
ADDRESS HegonyctumbiM Juist fanHoro MCTIOJIHUTEJIA.
03 ILLEGAL DATA 3Ha4yeHMs B [10JI€ JAHHBIX HEIOIYCTUMBI JJIS1 JAHHOTO
VALUE HUCIIOJIHUTEJIA.
SLAVE DEVICE HUCITIOJIHUTEJIb ne moxeT 3anucath ganasie Bo FLASH
04
FAILURE MaMsITh.




6 ®YHKIUU ITPOTOKOJIA

Lenp manHOTO pasaena - ONpeAeNUTh oOmHiA popMaT COOTBETCTBYIOIINX KOMaH/, JOCTYITHBIX
nporpammucty cucteMbi MODBUS. B pa3zzaene onucanbl popmar KakI0ro 3ampoCHOTO COOOIIEHUS,
BbITIONTHSIEMast PYHKIHS ¥ popMaT HOPMAJIHLHOTO OTBETHOTO COOOIICHHUS.

6.1 ®dynknus 03 Urenue perucrpos/Read Holding Registers)

[Ipumensiercst 11 yTeHUs: ABOMYHOTO conepkanus peructpo UCTIOJTHUTEJIA.
3AITPOC:

Coobuienue 3ampoca criequpUIupyeT HadyalbHBbIH PETUCTP M KOJIUIECTBO PETHCTPOB IS
gyrenusi. Hymeparus peructpoB Haunnaercs ¢ O (peructpsr 1-16nymepyrores kak 0-15).

Tabmnuma 4.
3arnpoc Ha yteHue peructpoB 42-43VCITOJIHUTEJIA ¢ anpecom 1.
Homep | Homep Oaiita VYcnoBHoe
N [Tpumep
Oaiita B UHCJIE 0003HaueHue
0 - Anpec 01 01
1 - OyHKIUSA 03 03
2 [1] HauanpHbiit 00
3 [0] azapec 000B 0B
4 [1] KonmuecTtBo 00
5 [0] PETHCTPOB 0002 02
6 [1] Konrposbhas B5
7 [0] Cyna BSCY 9

OTBET:

JlaHHBIE PETHCTPOB B OTBETE MEpPEAarOTCs Kak jaBa Oalita Ha peructp. baiTel peructpon
nepenaroTcst crapmum Oaiitom Brepén. KommuecTBo perucTpoB nepenaBaeMbIX 3a OJHO OOpalleHue
onpenensiercst Boamoxknoctsimu UCTIOJTHUTEJIA.

Ta6mnuua 4.
Otset Ha komanny uyteHue peructpos 42-43VCITOJIHUTEJIA ¢ angpecom 1.

Homep | Howmep Gaiita VYcnoBHoe

. [Tpumep
Oaiita B YHCJIE 0003HaUYeHNE

0 - Anpec 01 01

1 - OyHK1Ms 03 03

2 Cuyérumk Oaiit 04

3 [1] Jannbie 00

4 [O] peructp 11 0000 00

5 [1] Jlannbie D2

6 [0] peructp 12 D20F OF

7 [1] KonrposbHas E6

8 [0] cymMMma E697 97

6.2 dynkuus 06 Bamucs oxHoro peructpa/Preset Single Register )
[Ipumensiercs It 3amvcu 3HaY€HUsT B eAUMHUYHBIM peructp. [lpu mmpokoBemaTenbHON
nepenaye Ha Bcex UCITOJIHUTEJIAX ycranaBnuBaeTcs OAUH U TOT K€ PETUCTD.
OOBIYHO HCTIONB3YETCS ISl IepBOHaYaIbHOU ycTtaHoBKU afapeca UCTTOJIHUTEJIA.

3AITPOC:
3arpoc colepKUT CChUIKY Ha PETHCTP, KOTOPBIA HEOOXOMMO YCTAaHOBHUTH M 3HAYEHHUE, KOTOPOE

Haa0 B HEro 3alincarhk.
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Tabnuua 5.
3anpoc Ha 3anuch peructpa 00 UCTTIOJIHUTEJIS ¢ agpecom 1.

Homep | Homep Oaiita YcnoBHoe
N [Tpumep

Oaiita B YHCIIe 0003HaYeHNE
0 - Anpec 01 01
1 - OyHKIMs 06 06
2 [1] Anpec 00
3 [0] perucrpa 0000 00
4 [1] 01
5 [0] JlanHbIC 0100 00
6 [1] KonTponbHas 88
7 [0] cymMMma 885A 5A

OTBET:
HopmanbHblil OTBET MOBTOPSIET 3aPOC.
Tabmuma 5.

Ortser Ha 3anpoc 3anucu peructpa 00 UCTIOJIHUTEJIS ¢ agpecom 1.

Homep | Homep Oaiita VYcnoBHoe
N [Tpumep
Oaiita B UHCJIE 0003HaueHue
0 - Anpec 01 01
1 - OyHKIUsA 06 06
2 [1] Anpec 00
3 [O] peructpa 0000 00
g {é} JlanHbIe 0100 83
6 [1] Konrposbhas 88
7 [0] cymMma 885A S5A
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6.3 ®ynkuus 16 Bamucs B peructpsl/Preset Multiple Regs)

[puMeHsieTcsl Ul 3allCH 3HAYCHHUM B IMOCIIEIOBATEILHOCTh PETMCTPOB. 3ampoc yKas3blBaeT
PETHCTPBI IS 3aIUCH, X KOJIMYECTBO M IJAHHBIC, KOTOPBIC COAEPKATCS B MOJIC JAHHBIX 3aIpOCa.

KoJM4ecTBO perucTpoB 3alMChIBAEMBbIX 33 OJHO OOpalleHHe OMPEEsIeTCS BO3MOKHOCTSIMHU
HUCTIOJIHUTEJIA.
3AITPOC:

3anpoc COAEPKUT CCHIIKY Ha PETHCTP, KOTOPBIH HEOOXOIMMO YCTAHOBUTH M 3HAYEHHE, KOTOPOE

HaJI0 B HETO 3aIliCaTh.

Tabnuna 5.

3anpoc Ha 3anuch B peructpsl ¢ 0 mo 2 UCTTOJIHUTEJIA ¢ agpecom 1.
Homep | Homep Oaiita VYcnoBHoe

N [Tpumep
Oaiita B YHCJIE 0003HaUeHNe

0 - Anpec 01 01

1 - OyHKIUSA 10 10

2 [1] HauanpHbiit 00

3 [0] azapec 0000 00

4 [1] Kommuectro 00

5 [0] pETHCTPOB 0oos 03

6 - Cyérumk Oaiit 06 06

; E')} JlanHbIe 0119 g_)é

g {é} JlanHbIe 0405 82

12 {é} JlanHbIe 0204 83

12 [1] KonrposbHas EB

13 [0] cymma EBOL 01

OTBET:
Hopmanbhsiit oteeT copepxkut aapec MCITIOJIHUTEJIS, kox ¢hyHKIMM, HAYaIbHBINA aapec, U

KOJIMYCCTBO PCTUCTPOB.

Tabmuma 5.

Otger Ha 3anpoc 3anucu peructpoB 0-2 MCTIOJIHUTEJIA ¢ anpecom 1.
Homep | Howmep 6aiita VYcnoBHoe

N [Tpumep
Oaiita B YHCJIE 0003HaueHue

0 - Anpec 01 01

1 - OyHk1us 10 10

2 [1] HauanpHbiit 00

3 [0] azapec 0000 00

4 [1] Kommuectro 00

5 [O] PETUCTpOB 0003 03

6 [1] KonTponbHas 80

7 [0] cymMMma 8008 08

JI1st KOHTPOJIS 3aIMCH PETUCTPOB MOYKHO TOCNIATH 3aMPOC Ha YyTeHUE peructpon 0-2
NCTIOJTHUTEJIA ¢ ampecom 1: 01 03 00 00 00 03 05 GBecnu Bc€ ObLII0 3alTUCaHO TPABUIBHO, OT
NCTIOHUTEJIA npunér oreer: 01 03 06 01 19 04 05 02 04 2C F4.
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