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BBenenune

Coop nmamabix SCADA(Supervisory Control and Data Acquisition)-cucteMbl sBIsIeTCsl €€
HEOTHEMJIEMON 4YacThlO, KOTOpash 3aHUMAETCS TMOJYYEHHEM JIaHHBIX M3 HCTOYHUKOB PA3IMYHOIO
npoucxoxaenus. I[lpupoga maHHbiX, ¢ kotopbiMu pabotaer SCADA, xapakrepusyercs CHUTHalaMH
0a30BBIX TUIOB 3HAUYECHUU (II€]I0€, BEIIECTBEHHOE, JIOTMYECKOe W CTpoka). CUTHAIBl M3MEHSIOTCS BO
BpPEMEHHU M 00JIaaeT UCTOpHUEH, )KU3HbI0. B Teopun ympasienust texHonorndeckumu mporeccamu (TIT)
MOJ] CUTHAJIOM IOHMMAaeTCsl 3HauyeHue naruvka yctaHoBku TII B kome AILIIIL, "cbipoit" curHanm wim B
peasibHOM 3HaueHWU. CHUTHAIBI MOTYT OOBEOUHATHCS B TPYIIBI IO CMBICIOBON Harpyske, 9acto
Ha3bpIBaeMbIe MapameTpamu. Hanmpumep, pa3BUTbIe HICTOYHUKH JAHHBIX MOTYT MPEIOCTABISATh CTPYKTYPBI
napaMeTpoB C TIpeaonpeAenEéHHbIM Ha0OpOM CBSI3aHHBIX cUTHaJIOB. Kpome HemocpencTBeHHOro cbopa
JNAHHBIX B (YHKIMHM 3TOTO MEXaHM3Ma TAaKXKE BXOIUT M Tepeaada BO3JCHCTBUM Ha HMCIOJHUTEIbHBIC
ycrpoiictBa ympaBienuss TII; 0ObIMHO 3TO 3aABMXKKH, HACOCHI W peErylupyoomue kiamaHa. B
COBOKYITHOCTH 3TOT Ipoliecc noixy4mt Hazsanue Y crpoiictBo Conpspkenust ¢ Oobektom (YCO).

VlcTOYHUKN JaHHBIX XapaKTepU3YIOTCs OOJBIIMM pa3HOOO0pa3reM, KOTOPOE MOYKHO YCIIOBHO pa3JeiNuTh
Ha TPH TPYIIIIHI.

« Hcrtounuku "cwippix" naHHBIX, npenocrasistomue kon ALl mnau ypoBHM JHCKpeTHBIX
CUTHAJOB, a TakkKe BKIIOUAIONUME MpocTediryo o00paboTky. OOBUHO S3TO MOAYIH
paccpenorouenHoro YCO wiu mpocTediue MpPOMBIIUICHHBIE MPOTPaMMHUPYEMbIE JTOTUYECKHE
koHTposeps (ITJIK).
+  Momnasie npombiiuieHHbie [JIK, obnagaromume 3HAUNTENBHON BEIYUCIUTEILHON MOITHOCTBIO H
BO3MOKHOCTBIO (POPMUPOBAHUS CJIOKHBIX MTAPAMETPOB C PA3TMUHON CTPYKTYPOH.
+ JlokanpHble WM COMYTCTBYIOIIME HCTOYHMKK AaHHbIX. Hampumep, YCO B Buuge miar
pacuIMpeHusi, a TaKXKe JaHHBIC alMapaTHOTO M TMPOTPaAaMMHOTO OKpPYXKEHHUS, B KOTOPOM
(GYHKIIMOHUPYET CUCTEMA.

PaznooOpa3ue HCTOYHHMKOB JAHHBIX MOPOAMIO OOJBIION CHEKTpP MEXaHM3MOB JIOCTyNla K HHUM.
JlokanpHBIE UCTOYHHMKH JAHHBIX pa3nyaroTcs uHTepdelicamu nporpamMmmupoBanus npuioxkeHus (API), a
CETEBBIE UCTOYHUKH, B CBOIO OYEPE/b, TPAHCIIOPTHBIM U MPOTOKOJBHBIM YPOBHSMM B3auMojeucTBus. B
LIEJIOM 3TO MPUBEJIO K TOMY, YTO J100aBJIEHUE MOJAJIEP>KKH HOBOTO HUCTOYHUKA JaHHBIX TPeOyeT co3laHue
MOJIyN COMpPSsDKEHUS WU JpaliBepa. YUWUTHIBas ke OONbIIoe pa3HOOOpa3ue MCTOYHUKOB, 3TO KpaiiHe
HAKJIAJIHO, M (DaKTUYEeCKH HEpeaJbHO OXBAaTHUTh BECh CIIEKTP pBIHKA TaKUX YCTPOHUCTB. CuTyarus
HECKOJIBKO YIPOIIAETCs ¢ CeTeBBIMU UCTOUHHUKAMHU OJaroiapsi HAIMYHUIO psijia CTAaHAAPTHBIX U CBOOOIHBIX
MPOTOKOJIOB B3aUMOCHUCTBUS, OJHAKO MHOTHE UCTOYHUKHU BCE JK€ UCTIONB3YIOT COOCTBEHHBIE TPOTOKOJIBI:
3aKpbITbIe KOMMEPYECKUE MU MPOTOKOJIBI, 3aBS3aHHbIE Ha 3aKPBIThle MEXaHU3Mbl OTPAaHUUYEHHOTO KpyTa
KOMMepueckux onepaoHHbix cucteM (OC).

B tepmunax cucremsr OpenSCADA mnpenocTaBisSFOTCS CICAYIOMNE OOBEKTHI I 0OCITYKUBaHUS
MexaHu3Ma cOopa JaHHBIX:

« AtpuOyr — OOBEKT OTpa)XKCHHs MAHHBIX CHTHalla, BKJIIOYACT TEKYyIee 3HAUCHHE C THIIOM
CUTHaJa U UCTOPHUIO U3MEHEHUS 3HAYCHMIA;
- Ilapamerp — 00BEKT TIpymnmbl aTpuOYTOB (CUTHAJIOB) CO CTPYKTYpOH, COOTBETCTBYIOILEH
O0COOEHHOCTSIM OT/EJIbHO B3STOT0 UCTOUYHUKA JTAHHBIX;
« KouTtponnep — 00beKT OTHEIBHOrO YyCTpoicTBa NaHHBIX. Kak mpaBuiio, 3TO OTHEIbHBIN
Moayisb Y CO unu yctpoiictBo npomsinuieHHoro [TJIK.

Jis yuéra ocoOeHHOCTEH pas3IMuYHBIX YCTPOMCTB cOOpa JaHHBIX, a TAKXKE Pa3IMYHBIX MEXAHHU3MOB
B3aumoneiicteus B OpenSCADA mnpenycmorpena mnoxacucrema "COop naHHBIX", KOTOpasi SIBISETCS
MOJyNbHOH. B KauecTBe MOJIynsi MOACHUCTEMBI BBICTYNAET IpaiiBep Uil COMNPSIKEHUS C UCTOYHHKOM
JAHHBIX OTAeNbHOrO Tuna. Kakaplit Moaysnb MOXeET colepkaTh KOH(UIYpaLMI0 HECKOJIbKUX YCTPOWUCTB
sroro tuma B Buue o00wvekToB "KouTpommep" cuctembr OpenSCADA. OOmas cxema 0OOBEKTOB
nojacuctemsbl "COOp naHHBIX" N300pakeHa Ha pUCYHKE 1.
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Puc. 1. Cxema noacucrems! "Coop naHHBIX".



1. MeToanbl cOopa JaHHBIX

YuuteiBas pa3auyue CBOWCTB MCTOYHUKOB JIAHHBIX, @ TAK)KE BO3MOKHBIE BapUaHThI B3aUMOICHCTBUS,
METOJIbI cOOpa JAHHBIX MOXKHO Pa3AeluTh Ha MPOCTON CUHXPOHHBIH, MPOCTON aCHHXPOHHBIN, MAKETHBIA U
AaCCUBHBIN.

B paccmoTpeHnn MexaHH3MOB HIDKE OyIyT y4aCTBOBATh CICAYIOIINE OOBEKTHI:
«  ObjectSCADA — mro60ii 06bekT SCADA-cucTeMbl, 00panIaroIuiics 3a 3HAYEHUEM CUTHAA,
HaIpUMep, apXUBbI U BU3yaTU3aTOPHI;
« DAQParamAttribute — atpubyr mapamerpa moacuctembl "COOp OaHHBIX", BBICTYMAIOIIUI
MOCPETHUKOM B JIOCTYIIE K 3HAUSHHUIO CUTHAJIA HCTOYHHUKA TAaHHBIX;
«  DAQParamAttributeArch — o0bexT apxuBa aTpulyTa;
« HardwarePLC — 00BeKT HCTOYHUKA JaHHBIX, HAIPUMEP, MOAYIIH paccocpenoroueHaoro Y CO
unu npomeinuieHHsle [TJIK.

1.1. ITpocToii cHHXPOHHBII MeXaHU3M cOopa

MexaHu3M XapakTepu3yeTcsl 3alpocaMu K MCTOYHUKY JaHHBIX CHHXPOHHO C 3alpOCOM K aTpuodyTy
napametpa (puc.2). JlaHHBI MeXaHU3M OOBIYHO MPUMEHSETCS MPU padboTe ¢ JOKATHbHBIMH HCTOYHUKAMHU
JTAHHBIX, XapaKTePU3YIOITUMUCST HU3KOH JTaTEHTHOCTHIO, T.€. 33JIepXKKOi B 0TBeTe Ha 3arpoc. C MOMOIIBIO
3TOr0 METOJIa MOKHO IIOJYYHTh aKTyaJbHBIC JAHHBIC HEIOCPEICTBEHHO C 3alpPOCOM, OJTHAKO BpEeMs
3ampoca 00beKTa OyJeT BKIIFOYATh BPeMsl TPAHCIIOPTUPOBKH U 00pa0OTKH 3alpoca UCTOYHUKOM JTaHHBIX.
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Puc. 2. I[I/Ial"paMMa IIOCJICA0BAaTCIBbHOCTU BSaHMOI[efICTBPIH IMIpHU CHHXPOHHBLIX 3aIIpOCax.

B cooTrBeTcTBHE C ﬂHanaMMOﬁ BbIIIC MbI IMOJy4YacM CJICAYIOIIYIO IMOCJICAOBATCIBHOCTL 3allpOCOB
MOJIYYCHHA JaHHBIX U UX MEPCaAaqYU:

« o0vekT SCADA-cucteMbl NUIET 3ampoc 3HAueHHs K OOBEKTy aTpuOyra mnapamerpa
DAQParamAttribute::getVal();
« 00BeKT arpubyra TmapameTpa, TIOJYYUB 3alpoc, UDIET €ro HWCTOYHUKY JTaHHBIX
HardwarePLC::valueRequest();
+  HMCTOYHUK JJAHHBIX, 00padO0TaB 3ampoc, BO3BpAIIAET pPe3yibTaT;
+ 00BeKT aTpulyTa mapaMeTpa, MoJy4uB pe3yiabTaT, Bo3Bpamaer ero 00bekty SCADA-cucTeMBl.

B OpenSCADA Takoii MeXaHH3M peau3yIoT CISAYIOIIIe MOIysH moacucteMbl "COoop JaHHBIX".
+ ModBus — Mopmynb qocTyna K JaHHBIM HCTOYHHUKOB MOCPEACTBOM CEMEMCTBa MPOTOKOJIOB
ModBus. B Montyne peann3oBaH CHHXPOHHBINA PEXHUM IS 3aIIMCH JAHHBIX.
«  DiamondBoards — monynb noctyna kK gaaasiM PC/104 mnat ¢pupmer Diamond Systems. [Tnatsr
PC/104 pasmemiarorcst Ha I[SA-mmHe, clieOBaTeIbHO SBISIOTCS JIOKAIBHBIMH M JIOCTYITHBI
CpaBHUTENBHO OBICTPO. B pexxmume cOopa JaHHBIX HE MO MPEPhIBAHUIO TOCTYM K 3HaueHusM AIIIT
ocylIIecTBIsieTCs: CHHXpOHHO. Pexxum 3anucu 3nauenus L{AII Bcerna paboTaer CHHXpOHHO.
« DAQGate — monynb oTpakeHUs: 00beKTOB KOHTpoJuiepoB yaanéHHbIX OpenSCADA -cTanmmit
Ha JIOKaJbHYI0. B Moyne peann3oBaH CHHXPOHHBIN PEXKUM JIJISl 3aITUCH TaHHBIX.
« BlockCalc — BprYHACHNTENL HA A3BIKE OJIOYHBIX CXEM. B KauecTBe MCTOYHHMKA JAHHBIX B HEM
BBICTYIIAET TMOJb30BaTeNbCcKast OjoyHas cxeMa. ATpuOyThl TMapamMeTpoB MOIYJS CUHXPOHHO
oOpararoTcst K BX0/1aM/BbIX0JjaM OJIOKOB OJIOYHON CXEMBI.
« JavalikeCalc — BbluMCIUTENb Ha Java-moJl0OHOM s3bIKE BBICOKOTO YpOBHA. B kadectse
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WCTOYHUKA JaHHBIX B HEM BBICTYHAET IOJIb30BATEIbCKas IMporpamma Ha Java-mogoOHOM S3BIKE.
ATpuOyTHI TapaMeTpPOB MOJYJS CHHXPOHHO OOpalaroTcs K BXOJaM/BBIXO/JaM IOJIb30BATEIHCKOM
BBIYUCIIUTEILHON (DYHKIIUH.

« LogicLev — MoOIylb JOTUYECKOTO YPOBHSI MapaMeTpoB cOopa TaHHBIX, JIeTalbHEee O HEM B
paznmene 2. B kadecTBE MCTOYHHMKA JAaHHBIX A3TOTO MOJMYJS BBICTYMAIOT JPYrue IMapaMeTphbl
noacuctemMbl "COop maHHBIX" W KOHTEKCT WCIOJHEHUs IabjioHa TMapaMeTpoB. ATPUOYTHI
MapaMeTpoB MOIYJIS CHHXPOHHO OOpalaroTcs K aTpuOyTaM Jpyrux MapaMeTpoB B PEKUME
OTpak€HUs MapaMeTpoB TmoacucTemMbl "COOp maHHBIX" WIM K BXOJaM/BBIXOJIaM KOHTEKCTa
WCTIOTHEHUS 11a0JI0Ha B peXUMeE paOOTHI MO IMa0JIOHY.

1.2. ITpocToii acCHHXPOHHBIH MeXaHU3M cOopa

MexaHu3M XapaKTepu3yeTcs 3alpocaMM K MCTOYHHUKY JAaHHBIX HE3aBUCHMO OT 3amlpoca K aTpuodyTy
napamerpa (puc.3). OOBIYHO 3ampochl K MCTOYHMKY JAHHBIX OCYILECTBIISIOTCA IEPUOANYECKH B
COOCTBEHHOI 3a/jaue Ompoca OTJEIBFHO B3STOr0 KOHTpOJUIEpa M OJOKaMU MO HECKOJbKO curHaioB. [Ipu
3TOM 3aIlIPOCOM K aTpuOyTy HapameTpa BO3BPALIAETCS 3HAYEHUE, IOIYYEHHOE MTOCIEHUM CEaHCOM CBSI3U
C HUCTOYHUKOM JaHHBIX. JIaHHBI MeXaHH3M OOBIYHO MpPUMEHSETCS MpH paboTe C YAAIEHHBIMH
(ceTeBbIMHU) UCTOUHUKAMHU JAHHBIX, XapaKTEPU3YIOIIMMHUCS BBICOKOM JTATEHTHOCTbHIO, TO €CTh 3a/IEP>KKOM B
OTBETE Ha 3aIpoc.

C HOMOIIBIO 3TOT0 METO/Ia MOXKHO 00ECIIEYNTh ONTHMH3AIMIO BPEMEHHOTO pecypca, 3aTpadyeHHOro Ha
OVH CHUTHaJ, U TEM CaMbIM YBEJIWYHTh MaKCHMaJbHOE KOJMYECTBO OMNPAIIMBACMBIX CHUTHAJIOB 3a
UHTEpPBaJI BPEMEHH OIPOCa.

B kagectBe mpumepa paccmotpum npomeiiuieHHbid [TJIK Siemens S7-315 npu ompoce ero mo muHe
Profibus (1,5 Mo6ut/c). Cpennee Bpems 06padbotku MPI-3anpoca 3Tum koHTpoJuiepoM coctapisieT 30 mc.
Ecnu ucnonb30BaTh CHHXPOHHBIA MEXaHU3M JUISl KXKJI0T0 CUTHAjA, T.€. OJIMH 3alpoC Ha Ka)/Iblil CUTHAJ,
TO B TEYEHHHU OIHOW CEKYHAbl MBI CMOXKEM IIOJIYYUTh OKOJO 33 CHUTHAJIOB. A €cliM NPUMEHUTh
ACMHXPOHHBIM MexaHu3M, T.e. B ogHoM MPI-nakere nonyuyats g0 220 Oaiit wnim 110 curnanos
LEJTOYUCIIEHHOTr0 TUNa Ha 16-pa3psioB, TO Mbl CMOXEM 3a OJIHY CEKYyHAY NOJy4uTh 10 3630 curHaios.
Kak M0oxHO BUIETD, 3()()EKTUBHOCTH ACHHXPOHHOT'O MEXaHU3Ma B JAHHOM ciydae coctasiser 110 pas, a
MMEHHO 3Ha4Y€HHEe MakCcuMasibHOW éMKocT MPI-makera.

HenocraTkoM aCMHXpOHHOTO MeXaHU3Ma SBISETCA TO, YTO 3alpoc 3Ha4deHUs aTrpulyTa mapamerpa
BO3BpalllacT HE aKTyaJlbHOC HAa MOMEHT 3alpoca 3HA4YCHHUE, a 3HAYEHHUE IIOCIEIHEr0 CEaHca OmIpoca
KOHTpoJuiepa. Brnpouem, ecinu yyecTb, YTO MCTOYHHMK JAHHBIX MOXKET OOHOBJIATHCS C NMEPUOAUYHOCTHIO
annapatHelx orpanuueHud AL, ga ¥ camMu JaTYMKM MOTYT HMMETh ONPENCIIEHHBIE OIpPaHUYEHUS B
CKOPOCTM pEaKLMH, TO IPUMEHEHHE ACHHXPOHHOI'O MEXaHHW3Ma cOopa MOXKET HMETh CepbE3HbIE
OCHOBaHMUS.

[IprumeHeHrne aCHHXpOHHOTO MexaHu3Ma s 3anucu 3HadyeHuid B [1JIK sBigeTcs qoctaTouHo peakum
SBIIGHUEM, TOCKOJBKY 3alliCh 3HAUYEHUN OOBIYHO TMOApazyMeBaeT BozfeiicTBue omepatopa Ha TIIL.
Omneparop mo GakTy JOCTATOYHO PEIKO BHOCHUT KOPPEKTHBBI B MPOIIECC, CIEIOBATEIBHO, 3aMCh MOXHO
BBINOJHATh CUHXPOHHO. OJIHAKO CYHIECTBYIOT CUTYallMu, Hanpumep, ynpasienue TII perynstopamu Ha
SCADA-cucreme, BeinomnHsromeit gy cpensl ncnoianenus [IJIK.
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Puc. 3. luarpamma nociie1oBaTeIbHOCTH B3aUMOJICHCTBUS MPU ACHHXPOHHBIX 3aIIPOCax.

B cooTBercTBUU ¢ nHarpaMMoil BbIlIe Mbl TIOJTyYaeM CIEAYIOUIYI0 KapTUHY:

+ 00bekT arpubyra mapameTrpa (WM BBHIMIECTOSIIUNA OOBEKT KOHTPOJIEPA) BBIIOIHSACT
nepuoanueckue 3anpockl HardwarePLC::valueRequest() misi momydeHusi 3HAYCHHs] CHTHAjA WIH
TPYMIbl CUTHAJIOB;

* TIOJyYEHHBIC 3HAUEHUS CUTHAJIOB Pa3MENIAl0TCs B 00BEKTaxX aTpHOyTOB apaMeTPOB JIOKAIHHO;
« o0bexkt SCADA-cucreMbl mm€T 3ampoc 3Ha4YeHHS K OOBEKTy arpubyra mapameTpa
DAQParamAttribute::getVal() u mnony4aeT COXpaHEHHOE JIOKAIHHO 3HAYCHHUE TPEIBITYIIETO
ceaHca Onpoca UCTOUYHHKA TAaHHBIX.

B OpenSCADA Takoif MexaHu3M peaqu3yloT CleAyIoIHe MOy IH nojacucteMsl "COoop JaHHbIX".
. Siemens — MOIyJb AOCTyNA K JaHHBIM KOHTPOJUIEpoB (¢upmbl Siemens cepun S7. B maHHOM
MOJlyJie ACHHXPOHHBIM peXHM peaJn30BaH Kak /s YTE€HUs HaHHBIX, TaK W JUI1 HUX 3aIllUCH
(onuumonanpsHO) Ha TTJIK.
+ ModBus — Moayib TOCTyIa K JaHHBIM HCTOYHUKOB ITOCPEJACTBOM CEMENCTBA MPOTOKOI0B Mod
Bus. B Mmoayne peann3oBaH aCHHXPOHHBIN PEXUM UTEHUS JTaHHBIX.

- SNMP — woaynb JAOCTyna K JaHHBIM YCTPOMCTB ceTH mocpeacTBoM Simple Network
Management Protocol. B Moayne peann3oBaH aCHHXPOHHBIN PeKUM UTEHUS JAHHBIX.
- System — MOAynb JOCTyNa K JTaHHBIM OKpyxeHus ucnoiHeHus OpenSCADA. B mopyne

peann30BaH aCUHXPOHHBIM PEKUM UTCHUS JAHHBIX.
« DAQGate — monynb oTpaskeHHst 00BEKTOB KOHTposuiepoB yaanéHHbx OpenSCADA-cTanuunit
Ha JIOKaJbHYI0. B Moyne peann3oBaH aCHHXPOHHBIN PEeXUM UYTEHUS JTaHHBIX.

1.3. ITakeTHbIH MexaHu3M cOopa

IlakeTHBIH MeXaHU3M c6opa JAaHHBIX XapaKTCPCH C60pOM JaHHBIX KaXXJ0ro cCurbHajia IIakKCTOM,
BKJIIOYAOUM HCTOPUIO €ro M3MCHCHUAI. T.e. 3a oguH ceaHc Oorpoca OAaHHBIX MOJY4a€TCsA HCCKOJIBKO
3HAYCHHUH HUCTOpUHN CUTHAJIA. IlakeTHEIN MEeXaHU3M pa60TaeT COBMECCTHO C CHHXPOHHBIM N1 dCHMHXPOHHBIMHA
MCXaHU3MaMH.

B caydae pa®oTbl C CHHXPOHHBIM MEXAaHHM3MOM BBINOJHSETCA (DakTHYEeCKHi NpoOpoc apxuBa
UCTOYHMKA JAaHHBIX JUIS oOnepaTuBHOM paboTel B cucrteme (puc. 2). Kak u mpocToil CHHXpOHHBIN
MEXaHMU3M, €ro J>KeJaTeJbHO IPUMEHATh TOJBKO HA HU3KOJATEHTHBIX HCTOYHMKAX JaHHBIX WIH C
UCTOYHUKAaMH, paboTa KOTOPBIX SBJSETCS CEaHCOBOW, Hampumep, B cdepe KOMMEpPUYECKOro ydyéra Juis
YTEHUS 3HAUEHUHN CUETUUKOB.

ITpu pabGoTe COBMECTHO C ACHHXPOHHBIM MEXaHU3MOM HMCTOPHS MOJyYEHBIX CUTHAJIOB OOBIYHO IPSIMO
MIOMEIIAeTCs B apXuBHI (puc. 4), a TeKyllee 3HaYeHne aTpudyTa napaMeTpa yCTaHaBIUBAETCS B MOCIIEIHEE
3HayeHue nakera. JlanHas koMOuHamus »>ddexTBHa mpu cOope OBICTPBIX JaHHBIX WM TPHU
CUHXPOHM3ALMH apXUBOB I10CJIE TIOTEPH CBSI3U C YAAIEHHBIM HCTOUHUKOM JIAHHBIX.
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1: getValues()

™

'y

3: getVali)

|
|
| n+3: valuesRequest()
|
|

n+4: set\Values()

X

|
|
|
[
|
| 2: getValues()
|
|
|
|

Puc. 4. I[I/Ial"paMMa IIOCJIICAOBATCIBbHOCTH B3aI/IMO,Z[eI‘/'ICTBI/I${ IIpU aCHHXPOHHBIX 3aIlpocax IIaKECTHOI'O
MEXaHUu3Ma.

B cooTBeTcTBHM ¢ nuarpamMMoil BBIIIE MBI TTOJyYaeM CIEAYIONIee MOBEACHNUE MAaKETHOTO MEXaHW3Ma
MIPU ACHHXPOHHBIX 3aMPOCaAX:

- 00beKkT arpubyra TmapaMeTpa WIH BBIIIECTOANIMA OOBEKT KOHTPOJUIEpA BBIMMOJHSET
nepuoanueckue 3amnpockl HardwarePLC::valuesRequest() misi momydeHuss TaKeTOB 3HAYCHUU
CUTHAJIa WJIU TPYIIbI CHTHAJIOB;
+ TMOJIyYeHHblE  TMAaKeThl  3HAUYEHUN  CHUTHAJIOB  IIOMEHIAIOTCS B apXWB  3alpocoM
DAQParamAttributeArch::setValues(), a mocienHee 3HaueHHe MaKeTOB pa3MeENIaeTCs B 00bEKTax
aTpuOyTOB NapaMeTpPOB;
« 00vekT SCADA-cuctembl m€r 3anpoc ¢parMeHTa apxuBa K 0OBEKTy aTpuOyTa mapamerpa
DAQParamAttribute::getValues(), a TOT nepeHanpaBIsieT 3anpoc K apXUBY
DAQParamAttributeArch::getValues(). B pesymbrare Bo3Bpamaercs (QparMeHT apxuBa,
JOCTYITHBIN TIOCTIe MPEABIAYIIET0 CeaHca Ompoca NCTOYHUKA JaHHBIX;
+ 00bexkT SCADA-cuctembl HUIET 3allpoc MOCIEIHEr0 3HaUeHUsI K 00BbEKTY aTpudyTa rnapamerpa
DAQParamAttribute::getVal() u mnony4yaeT COXpaHEHHOE IIOKAIbHO 3HAYCHHE MPEIbITYIIETO
ceaHca Onpoca UCTOYHUKA JaHHBIX.

B OpenSCADA Takoii MeXaHHU3M PeaTu3yIOT CISAYIOIIHEe MOIyNIH moacucteMbl "COop TaHHBIX".

+  DiamondBoards — monynb noctyna k aanasiM PC/104 mnat ¢pupmer Diamond Systems. [lnaTsr
PC/104 pa3memarorcss Ha I[SA-mmHe, ciiemoBaTeIbHO, SIBISIOTCS JIOKAJBHBIMH M JTOCTYITHBI
CpaBHHUTEIBHO OBICTpO. B pexxume cOopa JaHHBIX MO MPEPHIBAHUIO OCYIIECTBISETCS OKUIAHHE
nakeToB ObICTpBIX 3HadeHU# (1m0 200 kI'm) 3a ogHy cexkyHay (mo 200000 3HayeHU# B MakeTe) U
MOCIeAyIolIee pa3MelleHUE TaHHBIX TAKeTOB B apXHuBax aTpuOyToB mapamerpoB DAQ.

« DAQGate — Monynb OTpakeHUs 00BEKTOB KOHTposuiepoB ynaneéHHueix OpenSCADA-cTanmmit
Ha JIOKaJIbHY10. Peanu3yer CUHXpOHHBIA U aCUHXPOHHBIN MAKETHBIN PEKUMBI OTPAKEHHUSI ApXHBOB
yran€Habix OpenSCADA-cTaHIui.

1.4. ITaccuBHbBIi MexaHU3M cOopa

[TaccuBHBINM MexaHu3M cOOpa NaHHBIX XapaKTepeH WHUIMATUBOU mpenocTaBieHus JaHHbIX B SCADA-
CUCTEMY CO CTOPOHBI MCTOYHHMKA JAaHHBIX. DTOT MEXAHU3M SBJISETCS JOCTaTOYHO DPENKHUM SIBICHHUEM,
OJIHAKO MOXET MUMETbh MECTO B Ciydae OINpPEACIIEHHBIX YCIOBHW WJIM OTPaHUYECHUM B BO3MOXKHOCTH
UCIIOJIb30BaHUs MPSAMBIX MEXaHU3MOB cOOpa AaHHBIX, puc. 5. [IpuMepoM Takoi CUTyalluu MOTYT CIIY>KUTb
reorpauecKd  pacCpeOTOYCHHBIE CHUCTEMBI cOOpa JaHHBIX TIOCPEICTBOM MOOWMJIBHBIX CeTel
GPRS/EDGE. B Takux ceTsix HajeleHHE KIMEHTCKUX Y3JIOB OTACIbHBIMH/peanbHbIiMU [P-anpecamMu win
(dbopMHpOBaHHE KOPIIOPATUBHON MOOMIIBHON CETH MOXKET OKa3aTbCs JOPOTMM YAOBOJIBCTBHEM, MOITOMY
JIOCTYITHEE OKa3bIBACTCsl MHUIIMATHBA CEAaHCa Mepeadyl JaHHbIX C KIIMEHTCKUX TuHaMuueckux [P-agpecos
Ha oauH peanbHbli [P-anpec cepepa SCADA-cucrembl. XOTs BO3MOXKHA paboTa U 4epe3 CETEBYIO
CYB/I-nocpeanuxa.


http://wiki.oscada.org/Doc/DAQGate?v=bsb
http://wiki.oscada.org/Doc/DiamondBoards?v=abi
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BO3I[6ﬁCTBH$[ Ha MO,Z[I/I(i)I/IKaHI/IIO NnEpeAaAr0TCA UCTOYHUKY JaHHBIX B MOMEHT C€aHCa ICpEaavyn JaHHBIX
NCTOYHUKOM.

: DAQParamAttribute : HardwarePLC : DAQParamAttribute | | - HardwarePLC

: ObjectSCADA |

: ObjectSCADA n+1: setval()

| | n+1: getval()

X

| 1: setVal()

|
|
n+2: setVal() ! J(
I
[

|
|
1: getval() |
|
|
I
|

|
|
|
| |
| |
| n+2: getval() ‘
| |

Puc. 5. JIlmarpamma mocienoBaTeIbHOCTH B3aUMOJICHCTBUS MPU NMTACCUBHOM MEXaHU3ME PaOOTHI.

B cooTBeTcTBUU C IUarpaMMoil BBIIIE MBI IOTy4YaeM ClIeAyIolee MOBeIeHUE TAaCCUBHOTO MEXaHU3Ma:
+ 00BEKT NCTOYHUKA JAHHBIX OCYIIECTBIICT MEPUOIUICCKIE CEAHCHI CBS3U C OOBEKTOM aTpulOyTa
napamerpa DAQParamAttributeArch::setVal() nns nepenaun cBOUX JaHHBIX U MOJTYYEHHUS] KOMaH]
BO3JICHCTBUS,
+ 00bexkT SCADA-cucTembl NUIET 3aMpOC MOCIEIHETO 3HAYCHHS K 00BEKTy aTpuOyTa mapamerpa
DAQParamAttribute::getVal() u mony4aeT CcOXpaHEHHOE IIOKAIBHO 3HAYEHHUE TMPEIBbITYIIETO
CeaHca CBSI3U NCTOYHHKA JIAHHBIX.

B OpenSCADA Takoii MexaHu3M emni¢ He HCIOIb30BaH, OJJHAKO MPUHIUIHUAIbHAS BO3MOKHOCTh €T0
peanu3aluu B CUCTEME €CTh.
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2. BupTyajbHble HCTOYHUKH JTaHHBIX

Kpome cbopa ¢usnuecknx AaHHBIX aKTyaJIbHOW SIBIAECTCA (DYHKIMS BUPTYaJbHOTO cOOpa JIaHHBIX.
BuptyaneHble J1aHHBIE NMPEACTAaBISAIOT COOON NaHHBIE, MOJYYEHHbIE BHYTPH CHUCTEMBbI KaK HE3aBUCHMO,
TaKk U Ha OCHOBE pu3nyeckux NaHHbIX. [IpakTHueckn MexaHu3Mbl (POPMUPOBAHUS BUPTYAIbHBIX JAHHBIX
peaM3yIOTCsS COBMECTHO C MEXaHHW3MOM I0JIb30BATEIbCKUX BBIUMCICHHUNA. B cpelne MpOMBIIIIEHHBIX
koHTposiepoB 1 SCADA-cucTeM HCNONB3YIOTCST pa3iMyHbIE S3bIKM NporpaMmupoBaHus. B ciydae c
KOHTPOJIJIEpAaMU B KAUE€CTBE TAKHX S3BIKOB YACTO HCIOJIb3YIOTCA SI3BIKM HU3KOTO YpOBHS (accemOiepsl),
OJTHAKO B TIOCJIEJIHEE BpeMs BCE dallle MCIOJb3YIOTCs A3bIKU BbicOKOro ypoBHs (C, Pascal u mpyrue), a
take (opmanbHbie s3p1kH MOK 61131-3 (cxembr motokoB cocrosiuuii SFC, 6mounsie cxemsr FBD,
peneiinpie cxembl LD u tekctoBeie ST, IL). B cmyuae co SCADA-cucteMaMu BBIYUCIICHUS Yalle
00eCTIeYnBarOTCA S3bIKAMH IIPOTPAMMHPOBAHNS BEICOKOTO YPOBHS U (POPMATTLHBIMU SI3BIKAMHU.

B cucteme OpenSCADA moryT ObITh peaTn30BaHbl HHTEP()EHCH MPOrPaMMHUPOBAHUS U BUPTYAIbHBIX
MCTOYHUKOB JAHHBIX HA OCHOBE PA3JIMYHBIX SI3BIKOB B OTICIBHBIX MOAYJIAX TOJACUCTEMBI «COOp TaHHBIX).
Ha momenTt Bepcun 0.6.3.2 1OCTymHBI MOAYJIW BUPTYAJIbHBIX BIUUCIUTEIICH:

«  Brraucaurens Ha Java-mogoonoM s3eike: /Doc / Java Like Calc,
+  bnounsrii Beruuciutens: /Doc / Block Calc.

B  sagpo OpenSCADA wuHTerpupoBaH MEXaHM3M IOJIb30BaTeNbCKUX (QyHKuuMd win  API
MOJIb30BATENBCKOTO MporpammupoBanus. [lomp3oBarenbekie GyHKIMHM MOTYT MPEIOCTABISATHCS JIFOOBIM
00BEKTOM CHCTEMBI, B TOM YHCIIE€ U MOIYJISIMH B COOTBETCTBUHM CO CBOEH (DYHKIIMOHAJIBHOCTBIO, TEM
CaMbIM MPEJOCTABIISAS MOJIb30BATENI0 HEKUI HA0Op (DYHKUMN [T KOHTPOJISA 32 TEM WJIM UHBIM OOBEKTOM.
DYHKIIUU TTOTB30BaTeTECKOT0 APl MOTYT OBITh Kak CTAaTHUECKUMHU, T.€. PEATU3YIOMNUMH (PUKCHPOBAHHYIO
(YHKLINOHATBHOCTD OTJIEJIIBHOTO OOBEKTA, TaK M TUHAMUYECKUMHU, T.€. POpMUpYyEeMbIe MOJIb30BaTENIEM 110
HY)KHYIO €My 3aJ1ady Ha SI3bIKE M0JIb30BaTEIbCKOIO IPOrPaMMUPOBAHMSI BBICOKOTO YPOBHS.

Monyne /Doc / Java Like Calc mpemocTaBiseT B CHCTEMY MEXaHW3M CO3JaHUS JUHAMHUYECKHUX
MOJIB30BATENbCKUX (PYHKIMIA M X OMOIHOTeK Ha Java-momoOHOM s3bike. Omnucanue QyHKIMM Ha Java-
NOJOOHOM $SI3bIKE CBOJUTCA K O0BSI3KE MMapaMeTpoB (GyHKLIUHU alroputMoM. Kpome 3Toro Mmoaysib HajaesleH
(YHKLIMSAMH HEMOCPEICTBEHHBIX BBIUYUCICHHA MyTEM CO3JaHUs BBIYUCIUTEIbHBIX KOHTPOJUIEPOB C
ACCOLIMMPOBAHHON BBIYUCIUTENBHON (QyHKIMEH. MoynemM npenocTaBisieTcsl MEXaHU3M HMPEeKOMIUIISILIUU
KOHTEKCTHO-3aBUCUMBIX (DYHKLIUH, YTO HCIIOJIB3YETCs JUIsl BCTPaMBAHUS IOJIb30BATEIbCKUX aJITOPUTMOB
HEIOCPEICTBEHHO B KOHTEKCT pa3nuyHbIX KOMIOHEHTOB OpenSCADA. Hampumep, 3T0 MexaHU3M
11a0JIOHOB ITapaMeTpoB MoacucteMbl «COOp AaHHBIX» U ABHIKOK CpE/bl BU3yalM3allUd U YIPABICHUS
(CBY).

Monyne /Doc / Block Calc mpenocraBiser B cucreMy OpenSCADA MexaHusM co3gaHMs
MOJIb30BATENbCKUX BBIYMCICHUNA. MeXaHM3M BBIUYMCIEHUI OCHOBBIBaeTCS Ha (HOpManbHOM S3bIKE
O70YHBIX cXeM ((PYHKIMOHAIBHBIX OJIOKOB). SI3BIKM OJOYHOTO TPOTPAMMHUPOBAHHSI OCHOBBIBAIOTCS Ha
MOHATUU OJOYHBIX cXeM ((PYHKIIMOHAIBHBIX OJ0KOB). IIpuuéM B 3aBUCHMMOCTH OT CYIITHOCTH OJIOKa
OJOYHBIE CXEMBl MOTYT OBITb: JIOTHYECKUMH CXEMaMH, CXeMaM{ peNeHHON JOTUKH, MOJIENbIO
TEXHOJIOTHYECKOTro mpouecca u Apyroe. CyTb OJOYHOM CXEMBI COCTOUT B TOM, YTO OHA COJEPKUT CIIUCOK
0710Kk0B U CBs3U Mexay HUMU. C (opMabHOW TOYKM 3peHHUst OJIOK — ATO 3JeMEHT ((PYHKIHS), KOTOPbIi
UMEET BXOJIbl, BBIXOJBl W QITOPUTM BBIUMCICHUS. MCXOIs W3 KOHLENIMH CPelbl MPOrpaMMHPOBAHUS,
OJI0K — 3TO KaJip 3Ha4eHUH, aCCOLMUPOBAHHBIN ¢ 00beKTOM (PYHKIMU. BXO/BI U BBIXOABI GJIOKOB HYKHO
COGIMHATH JJIS TIOJTyYEHHS IeTbHOM OJIOYHOM CXEMBI.

C nenpro HarmosHeHHst API monb30BaTeNbCKOTr0 MPOrpaMMHUPOBAHUS TIOJIH30BATEIBCKUMHU (YHKIIUSIMHU
CO3JJaHBI CIICAYIONIUE CIEUUaTN3UPOBaHHbIE MOJYNN craTmdeckux ¢(yHkuuii APl momb3oBarenbckoro
POTPaMMHUPOBAHUS:

+ bubnuoreka ¢pynkuuit coemectumoctu co SCADA Complex1: /Doc / F Lib Complex 1,
- bubnuoreka cTanmapTHBEIX MatemaTHdeckux GyHkimii: /Doc / F Lib Math,
«  bubmmoreka ¢pynkiuii cucremuoro API: /Doc / F Lib SYS.



http://wiki.oscada.org/Doc/FLibSYS?v=1db2
http://wiki.oscada.org/Doc/FLibMath?v=19vu
http://wiki.oscada.org/Doc/FLibComplex1?v=l1n
http://wiki.oscada.org/Doc/BlockCalc?v=1tv
http://wiki.oscada.org/Doc/JavaLikeCalc?v=1bj
http://wiki.oscada.org/Doc/BlockCalc?v=1tv
http://wiki.oscada.org/Doc/JavaLikeCalc?v=1bj
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Puc. 6. O6mas cTpykTypa KOMIIOHEHTOB CPEJIbl TPOTPAMMHUPOBAHUS
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3. Jlornyeckuii ypoBeHb 00padOTKH JaHHBIX

Bbimie MbI TOBOPWJIM O TOM, YTO THI HCTOYHHMKA JaHHBIX MOXET KOJEOAThCS OT «CHIPOTO» 0
KoMIUIeKCHOTO. [lom  «ChIppIM» TOJpa3yMeBaeTCs MCTOYHUK, KOTOPBIM TPEJOCTaBISET TOJIBKO
DJIEMEHTapHbIE CUTHAJBI (IIeJ0e, BEIIECTBEHHOE, JIOTMYECKOe, CTPOKa, ...), mpudéMm otnenbHo. [lon
KOMILICKCHBIM TO/IPa3yMEBACTCsl NCTOYHUK, KOTOPBIH TPYNIUPYET CUTHAIBI U B MApaMETPe MOJACUCTEMBI
"COop MaHHBIX" MPETOCTABISIET aTPHUOYTHI JOMOJTHUTEIHFHOTO HA3HAUEHUS, TTOKPHIBAIONINE MPAKTUIECKU
BCE JMArHOCTHYCCKUE 3aJla4d, T.C. IapamMeTp sBISCTCS 3aKOHYCHHBIM OOBEKTOM, HETPEOYIOIIUM
JIOTIOJTHECHUSL.

Y4auThIBas TaKOW pazOpoC, MOKET BO3HHKHYTh CUTYyallHs, KOraa WHPOpMAIUU B 0OBEKTE mapamerpa
KOHTPOJIJIEpa UCTOYHMKA JTAHHBIX HEAOCTATOYHO JUIs ONMCAaHUs peanbHoro oobekra TII B 11eoM 1 HyXeH
IIPOU3BOJHBIA OOBEKT OOJiee BBHICOKOIO ypOBHS abcTpakuuu. PemieHuem TakoW CUTyallud MOKET ObITh
(dbopmMHpOBaHUE JOMOJHIIOIIMX MapaMeTpPoB, YTO SBISETCS HEHATJSAHBIM M BHOCUT IyTaHuLly. boiee
NPaBUJIBHBIM PEIICHUEM SIBIISICTCS UCIIOJIb30BaHUE MTPOCIIONKH, TaK Ha3bIBaEMOT0 «JIornueckoro ypoBHs»,
BBITIOJTHSIFONIETO (PYHKITUU THOKOTO (pOpMUpOBaHUS MapaMeTPOB, KOHTEHHEPOB CUTHAJIOB, HEOOXOIUMOM
CTPYKTYPBI M BKJIFOYAIOILIETO MOCT-00padoTKy.

QOyHKIMOHAIBHO «Jlormyecknii ypoBEHb» MpEJHA3HAYEH [UISl IPENOCTaBICHUS B CHUCTEME
OpenSCADA mexanuzma cBOOOJHOTO (OpMHPOBAHUS OOBEKTOB MApaMETPOB, KOHTEHHEPOB CUTHAJIOB,
HYKHOU CTPYKTYpBHI.

OKCIUTyaTalluOHHBIM Ha3HauYeHUeM «JIoru4eckoro ypoBHs» SBISETCS:
- pacmmupenue chepsl npumeHenus cucteMbl OpenSCADA 3a cuér yBenuueHHs THOKOCTH
onucaHusi 00BEKTOB MapaMeTpoB nojicuctemsl "COOp naHHBIX";
+ COKpAILEHUE 3aTPaT TPy/a Ha CO3/IaHUE CIIOXKHBIX aBTOMAaTU3UPOBAHHBIX CUCTEM.

Konnenmus «Jlornueckoro ypoBHs»» OCHOBaHa Ha I11a0JIOHaX MMapaMETPOB, AJil KOTOPHIX B MOJICUCTEME
"COop maHHBIX" MpEeayCMOTpPEH KOHTelHep OubmuoTek madmoHoB (puc. 1). Kaxkmas Oubnumoreka
COJCPKHUT IA0JOHBI MapaMETPOB, KOTOPBIE MOTYT HCIIOJB30BaThbcd MOAYIsIMU Tojcuctemsl "CoOop
JNaHHBIX" Ui peayM3alliy MapaMeTpoB Ha OcHOBe mmabmoHoB. Moaymsimu cuctembl OpenSCADA,
KOTOpbIE UCHOJIB3YIOT IA0IOHBI B CBOEH paboTe, SBISIOTCS:

« Logicl.ev — Moynb peanu3aluu KjacCuuecKol KoHuenuuu "Jloruyeckoro ypoBHs'".

- Siemens — MoayNb cOOpa JaHHBIX KOHTPOIIepoB (Gupmbl Siemens cepun S7. B Buay BbICOKOMH
rMOKOCTH M (YHKIIMOHAJIBHOCTU KOHTPOJEPOB (UPMBI 3TOM CEpuUH, KOTOpas IO3BOJISET
(hopMHPOBATH KOMIUIEKCHBIE TUIBI TAHHBIX PA3IMYHON CTPYKTYpPHBI, BCE MapaMeTpbl 3TOTO MOAYJIS
paboTaroT no mabaoHaM.

OO6muit mexanusm pabotsl "Jloruueckoro yposHs" Ha npumepe moayns LogicLev nzo0paxén Ha puc.
7.


http://wiki.oscada.org/Doc/LogicLev?v=d9t
http://wiki.oscada.org/Doc/Siemens?v=axv
http://wiki.oscada.org/Doc/LogicLev?v=d9t
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Puc. 7. Mexanusm pabotsr "Jloruueckoro ypoBHs" Ha mpumepe Moy Logiclev.

Hcxonsa u3 u3o0pakeHHs BHUJIHO, YTO MapaMeTphl KOHTPOJUIEPA JIOTMUYECKOTO YPOBHS BBIMOJHSIOT
(GYHKIUIO OTpa)XeHUs APYrux napaMmerpoB nojcucteMsl "COop aaHHbIX" (Ha mpuMepe napameTpoB 1 u 4)
U TPOU3BOJILHOE (OPMHPOBAHUE IApaMETPOB Ha OCHOBE MIa0loHOB 1, 2 W Jpyrux mnapameTpoB
noacucremsl "Coop nanubix" (Ha mpumepe napameTpos 2, 3 u 5).

CTpyKTypa mapaMeTpoB ¢ I1a0JIOHOM B OCHOBE UMEET CTPYKTYPY, H300pakEHHYIO Ha puC. 8.

I

lMapaMemp 0 2UYECcKD20 YPOSHA

OB srm ghyHsLy FM@;R
_________ X
| etupd bty I‘— Mapasm. | H Cn |
Arpuiy | | IMapam. 2 ] Cran 2

1
S Mapam. 3 _J_I' Kower. |
Arpidyr 3 N1 Mapas. 4 [ M Cume 3
Arpuidyr 4 — Mapaw. 5 R
|ATPEYT S [T [apaw. 6 [
IMapam. 7

. )

Puc. 8. CtpykTypa mapamerpos, ¢ 11a0JI0HOM B OCHOBE.

Kak MOXXHO BHIETh M3 CTPYKTYpBI, TTapaMeTp JIOTHYECKOTO YPOBHS COCTOMT M3 OOBeKTa (yHKIHUH,
aTpuOyToB ¥ KoHpUTyparuu madsoHa. OObeKT GYHKIIMH 3TO SK3EMILISAP UCTIOJHECHUs (YHKIIUU 11a0I0Ha
C HabOpOM BXOJOB/BBIXOJJOB W TPOTPaMMON BBIUMCIIEHHs Ia0jJoHAa Ha OJHOM M3 SI3BIKOB
MOJIb30BATEIFCKOTO  MPOTPAMMHUPOBAHMS, OOBIYHO ATO Java-moMoOHBIH S3BIK  TIOJH30BATEIHCKOTO
nporpamMupoBanus moayns DAQ.JavalikeCalc. Bmpoyem 1maGnon MokeT ObITh BooOmie 06e3
POTPaMMBbI, TPEAOCTABISISI TOJNBKO CTPYKTYpPY HpoOpoca BXOIOB/BBIXOAOB. ATPHUOYTHI B CTPYKType
n300paKarT TepeYeHb aTpuOyTOB pe3yJbTHPYIOMIETO MapaMeTpa B COOTBETCTBHUH C MIA0JIOHOM.
Kondurypamus B CTpyKType MpeaoCTaBisieT KOH(QUTYpAIHIO CBOMCTB MA0JI0OHA U €r0 BHEITHUX CBSI3CH.

Jloruky paboThI JIOTHYECKOTI0 YPOBHS IIapaMETPOB MOKHO 3aIIUCATh CIEAYIOIMM 00pa3oM:
- Ilapamerp cBs3pIBaeTCS C IIAOJOHOM M3 KOTOPOTO IOJIydaeTcs CTPYKTypa arpuOyToB, B
COOTBETCTBHUHM C (pyHKLMEH 111a0I0Ha.
+ B MoMeHT cBs3bIBaHuUs apamMeTpa ¢ (PyHKIMEH BBIMOIHAETCS CBSA3bIBAHUE 00BEKTA HK3EMILIApA
¢byHKIMM mapamerpa ¢ GyHKIueH u3 mabdaoHa.


http://wiki.oscada.org/Doc/JavaLikeCalc?v=1bj
http://wiki.oscada.org/Doc/LogicLev?v=ts
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« JHlanee, B COOTBETCTBUM C 1Ia0I0HOM (yHKIUH, popMHUpYyeTCsl CTpyKTypa cBsized. Mcxons u3
CTPYKTYpHl ~ cBsi3eil  Qopmupyercs ¢Qopma CBsA3bIBaHMA MapaMeTpa M II0JIb30BaTelieM
YCTaHaBJIMBAKOTCS CBA3H.

« Ilpu nmocryme k aTpuOyTaM NHOJIYYEHHOrO MapameTpa MPOU3BOAMTCS MPOBEPKA HAa HaIUYUe
IIpsAIMOM CBA3U. B ciydae Hanmuus IpsMOM CBS3M 3allpoC MEPEHAINPABISAETCA MO 3TOM CBS3H, B
IIPOTUBHOM clly4ae 3HaueHue O0epércs U3 00beKTa 3K3eMIUIIpa (PYHKIMK apaMeTpa.

« B aToT MOMeHT paboTaeT BbruHciIeHHEe QYHKIUU MAOI0HA, IO 00BEKTY (DYHKIIUU ITapaMETPOB.
IIpu 3TOM, IEpe BBIYUCIEHUEM IPOU3BOJUTCS YTEHUE 3HAYCHHUHN I10 CBSA3SIM, a ITOCJIE BBIYUCIICHUS
3aIHACh PE3YIBTATOB 110 3TUM CBA3SIM.

[[TaGm0oH mapaMeTpoB B IIEJIOM MPEAOCTABIISCT CIASAYIOIICE:

+  CTPYKTYpPY BXOJOB/BBIXOJI0B (DYHKIIMH IIAOIOHA;

+ TpU3HAKU KOH(HUTYpaluu U CBSI3bIBaHUS MabIoHa (KOHCTAHTA, CBA3b);

+ TIpeIBapuUTEIbHBIC 3HAUCHNS KOH(UTYpALNHU IIOCTOSTHHBIX U a0JIOHOB KOH(PHUTYPAINH CBSI3EH;
+ TPU3HAKU aTpUOYTOB PE3YJIbTUPYIOIIETO MapaMeTpa JIOTHYECKOTO YPOBHS THUIIOB: HE aTpUOYT,
aTpuOyT C MOJHBIM AOCTYIIOM, aTPHOYT C IOCTYIIOM TOJIBKO Ha YTEHUE;

+ MEXaHW3M BBIUYMCIIEHUS BXOJOB/BBIXOAOB (YHKIMHM IIa0JIOHOB C MCIIOJIb30BAaHHEM S3bIKa
oJib30BarTenbekoro nporpammuponanust OpenSCADA.

Ha puc. 9 npexacraBneHo n300pakeHHE BKJIAJAKH KOHQHUTYpalnuu IadioHa MapaMeTpoB IOJICHCTEMBI
"COop manHpIX" B BHAE TaOMMIBI C KOHGUrypalueld BXOJOB/BBIXOJOB M TEKCTa MPOTPAMMEI
I0JTb30BATEIHCKOTO MIPOTPaMMHUPOBAHHS.

&

®aiin PepakTupoBaHue Bun  Momolls
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5 TpaHcnopTol
& TpaHcnopTHIE NpaTokon mA Tun PENHM ATpWG oCTYN 3HaveHwe
B | CHop AaHHsIX : | | | L | ] | ‘
Modyre:  Buop BelwecTeeH... Bxog  He aTpubyT CBA3b MapameTplvar
B} BuGnUomera WatnoHos: : y
57 MepemeHHas  BewecTseH... Bxop  MonHbId LocTyn KoHcTaHTa O
& Ba3oBble WatnoHbl EaeHvua i CTpoka Bxon  MomHbIA 4OCTYN KoHCTaHTa
CWrH. AMCKpETHaA @
CWrH. aHanor. na rp HiwwH. pab.r... BewecTseH... Bxon  MonHblid 4ocTyn KoHcTadTa |0
PacxogoMepHeli ya FBblk NparpammeL; [JavaLikeCalc.JavaScript H
Bnok guckp. napame Mporpamma;
| ApxuBbl
@ Cneuma_ﬂmee VaI':iMU|t*(i|"|+iAdd);
[4| Monb3oBaTensCkme WHTER if(var>max) f_err="1:HapyLL|E:HME: EEpXHEI:‘i paﬁoqeﬁ rpalelLl'bl";
€ YNpaBneHue MogynAMA else if{var<min) f_err="2:HapylWweH1e HikHER pafioqel rpaHuLbl”;

@ Loop else iffaMax>aMin && var=aMax) f_err="3:HapylweHue BepxHER aBapuAHORA rpaHrUb";

@ Loop SSL else iffaMax>aMin && var<aMin) f_err="4:HapyLleHWe HKHER aBAPWAHORA rpaHrL ",

PLXB else iffwhax>whMin && var>whMax)  f_err="5:HapyweHue BepxHel NpedynpeanTensHOA rpaHuub”;
else iffwiax>wiin && var<whin) f_err="6:HapyLweHre HivkHER NpedynpeauTensHOR rpaHnub",
else f_err="0",

(1 <)
(4 ()
Flroman

Puc. 9. Bxiagka koH¢urypanuu mabiaoHa napaMmerpoB nogcuctemsl "COop 1aHHBIX".
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[Torem  Bxoja/Bbixoma  mabloHa  mapaMmeTrpa  NPEeJyCMOTPEHBI  CIEAYIOLIUME  CBOMCTBA
CHELUAIN3UPOBAHHOTO HAa3HAUCHUS: «ATpUOYT», «JlocTynm» u «3HaYeHue.

CBoiicTBO  «ATpuOyT»  BBICTYyNaeT IPU3HAKOM OTPAKEHUS  BXOJa/BbIXOJa IIa0joHa  Ha
pe3ylnbTUPYIOUIM aTpuOyT nmapamerpa. IlpeaycMoTpeHs! cieayromie BapuanThl ’TOI0 CBOMCTBA:
He ampubym — BXOJ/BBIX0] (PYHKIINH IIA0JIOHA HE OTpaKaeTcs Ha aTpuoyT;

+ MOJIbKO ymeHue — BXOJ/BBIXOA (YHKIHMHM I1a0JOHA OTpa)kaeTcsi Ha aTpuOyT C JOCTYIOM
TOJILKO Ha YTCHHE,

« noaMwvli docmyn — BXOJI/BBIX0A (yHKIMH I1maboHa OTpakaeTcss Ha aTpUOyT C TOJHBIM
JOCTYIIOM.

CpoiictBOo «JlocTym» BbICTYIIaeT MPU3HAKOM, YKa3blBaIOIIMM Ha MCIOJIb30BaHUE BXOJa/BbIX0/a
¢yHkuMu mabjoHa B pe3yabTHpYMOIEH KoH(QuUrypauuu mabjoHa Ha JIOTMYECKOM YpOBHE.
IIpenycMOTpeHsI caeayoIme BapuaHThl 3 TOr0 CBOMCTBA!

« Koncmanma — JOCTYNEH JUIsl YCTAaHOBKM TOJIBKO Ha YpPOBHE KOH(UIrypauuu I1a0JIoHa
rapameTpa B BUJE IIOCTOSIHHOM;

«  nyOoauynas KoHcmawma — JIOCTYIEH JJs YCTAaHOBKM Ha YPOBHE IapaMeTrpa JIOTM4ECKOro
YPOBHS B pa3jiene KOHQUrypauuu 1mabioHa B BUAe MOCTOSHHOM;

« Cea3p — JIOCTyIIEH U1 YCTAHOBKU Ha ypOBHE IlapaMeTpa JIOTMYECKOI'O YpPOBHSI B pasfeie
KOH(Urypauuu 1mabioHa B BUAE CBA3H.

[Tone «3HaueHHe» OMUCHIBACT MPEAYCTAHOBICHHOE 3HAUYEHHE /IS MOCTOSHHBIX U [a0JI0H
KOHpUrypanuuu BHEMHHUX cBsized. [1la0aoH KOHQUrypanuu BHEHIHMX CBSI3€H HCHONB3YETCS B LENAX
ONKCaHUA MEXaHW3Ma TPYNIHPOBKU M aBTOMATHUECKOTO paclpe/ieleHusi BHEeIHUX cBsized. CTpykTypa
nrabjaoHa KOH(QUIypalMy BHEIIHHUX CBsi3ed crneuupuyHa JUisl KaKIoro Monyis mnojcuctemsl «COop
JAHHBIX», KOTOPBIM HCIOJNBb3YeT MEXaHu3M INabJoHOB. B ciyuae ¢ MoJyneM JIOTMYECKOro YpOBHS
pacripesielieHue MPOU3BOIUTCS HaJl BHEUIHUMH aTpUOyTaMH TapamMeTpoB C INAOJIOHOM KOH(HTypanuu
BHemHell cBsa3u Bupa: <Ilapamerp>|<arpubyr>. I'me «Ilapamerp» wncnonb3yercss A 0O0beIUHEHUS
napaMeTpoB M IMOMEUIeHUsT Ha (GopMy KOH(UTrypauuu, a arpuOyT Ui aCCOLMATHBHOTO CBSI3BIBAHUS
aTpuOyTOB IPU HA3HAYEHHUH IapameTpa.

B kauecTBe npumepa UCnosb30BaHus 11a0oHa Ha puc. 10 mpuBeaém n300paxeHus napaMeTpa Moays
noruueckoro ypoBHs "F3". Ha pwuc.10 mpencraBnena Bkiaaka "Koudurypamus mraGmona" s
KOHQUTYypalluy, BKJIIOYas CBA3bIBaHME, IMa0ioHa mnapamerpa. Ha pwuc.ll mpencraBieHa BKiIaaka
"ATpuOyTHl" ¢ IepedHeM aTprOyTOB M UX 3HAYCHUH, CO3JJAHHBIX TTOCPEICTBOM IA0IOHA.
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Puc. 10. Bknaaka "Kondurypanus mabmona" napamerpa "F3" Momysns J10ru4eckoro ypoBHsI.
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Puc. 11. Bxnagka "ATtpuOytsr" napametrpa "F3" Momyns moruueckoro ypoBHsI.
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4. PezepBUpOBaHUE HCTOYHUKOB JJAHHBIX

PesepBupoBaHue BOOOIIE M HCTOYHUKOB JAHHBIX B YAaCTHOCTH CIIYKUT JJI IOBBIIMIEHUS OOIIEro
YPOBHSI OTKa30yCTOWYMBOCTH PEIICHUS MyTEM BKIIOUEHHUS TyOJIMPYIOMIHUX y3JI0B B COBMECTHYIO paboTy ¢
OCHOBHBIM Yy370M. B ciydae cOosi OCHOBHOIO y3/1a MPOUCXOJUT MOAXBAT (YHKIMH OCHOBHOTO Y3i1a
pe3epBHBIM. YacTo cxeMa pe3epBUPOBaHMS MOXKET paboTaTb M B pPEXHMME paclpelesieHUs] Harpy3ku
MEX/y COBMECTHO pabOTAIOIUMH Y3JIaMH.

o

n

(wm
. | 1ONb30BATEND
i
DAQGate PLCA:
St1.Siemens.PLC1
St2. Siemens.PLCT
DADGate MBus Devi:
St . ModBus. Devi

St2.ModBus Dev1 YpoeeHs

\ - ! ‘nonbsosameneil;
Cemsb ‘
Siemens. PLC1 - - — Siemens.PLCT
— Siemens. PLCZ -l {{— — — & Siemens.PLC2 =
ModBus.Devl -ll{+———# ModBus.Dev
CTaHUMA | DcoN.Devl =Ml {{- — — B DCON.Devl CraHuyus
Ne1 JavalLikeCalc.Proc JavalikeCalc.Proc Ne2
YPOBBHH cepeepos |

Puc. 12. I'opuszoHTanbHOE U BEPTUKATIBLHOE PE3EPBUPOBAHMUE.

B cnyuae ¢ noacucremoit «C6op nanubix» cucteMbl OpenSCADA pesepBupoBaHue JaHHBIX (puc.12)
BBITIOJHAET PYHKIIUU:

- PesepBupoBanne mexanusma cbopa maHHbIX. OOBIYHO 3Ta QYHKIMS peanu3yercs 06e3 0coObIX
MEXaHM3MOB MYTEM MPOCTOro 3alyCcKa MapajljIesIbHbIX PpE3E€PBHBIX CTaHIMM C OJMHAKOBOM
KoH(urypanueit u padboraronux HezaBucumo. OHAKO B ciydyae BBIIIOJHEHUS CTaHIMe (QyHKUInU
IIVIK Takoe mnoBenEeHHWE HEONYCTHMMO I0 IPUYMHE OJHOBPEMEHHOH BBbIAYM YIPAaBIISIOLIMX
BO3JEHCTBUIN U OTCYTCTBUSI CHHXPOHHU3AIMHU JAHHBIX BHIYUCIUTENEH.

- KomMmneHncanus norepu JaHHBIX Ha BpeMs IPOCTOS y3Ja 3a CUET apXuBa PE3EpPBHOrO Yy3ia.
[IpenycMoTpeHsl 1Ba MexaHM3Ma KomreHcanuu. [IepBblli © OCHOBHOM MEXAaHW3M OCYLIECTBIISAET
3arpy3Ky Y4YacTKOB apXHMBa W3 PE3€pBHOM CTaHIMM B MOMEHT 3allyCKa CTaHUMU B IEJIOM WIH
OTJIETIbHBIX KOHTpoJuiepoB moxacuctembl "DAQ". YuacTok apxuBa 3ampaiminBacTcsi ¢ MOMEHTa
MOCNeHEeH 3amucu B JIOKAIBHOM apxuBe M MO Tekyiee Bpems. [nyOuHa 3ampoca mpu 3ToM
OTpaHUYMBACTCS yKa3aHHUEM IPENIebHOTO BPEMEHU B KOH(UIypaluu pe3epBHpoBaHus. BTopoii,
JOTIOJIHSAIOIIUN MEXaHHU3M, OCYILECTBISIET 3allOJIHEHUE JbIp B apXUBE B MOMEHT (haKTUYECKOTO
3amnpoca MoJIb30BaTeNsl K 3TUM JIaHHbIM. Takol MOAXO0J C OJTHOM CTOPOHBI MO3BOJISIET OCYIIECTBUTh
MIPOTHO3UPYEMYIO TI0 BPEMEHH CHHXPOHHU3AIMIO TPU CTapTe, a ¢ APYrod CTOPOHBI (aKTHUECKH
WCKJIIOYAaeT MOTEPI0 JaHHBIX HPU YCIOBUU PabOThl XOTSI Obl OJHOI CTaHIMM B TEUYEHUE BCETO
pabouero BpeMeHH.

« Pacmpenenenne Harpy3ku 1o cOOpy JaHHBIX MeXAy Yy3namu. [lpu co3maHuM CIIOKHBIX
pacnpenesIEHHBIX CUCTEM MOJKET OKa3aTbCs Ba)XHBIM BOIPOC IPOTHO3MPOBAHMS U ONTUMHU3ALIAU
oOuieil mpousBoauTEnbHOCTH cucTeMbl. C yuéTOM TakuxX 3ajJad MEXaHU3M PpPEe3epBUPOBAHUS
MpelycMaTpuBaeT HCIONHEHUE 3ajady cOopa JAaHHBIX OTAENbHBIX HMCTOYHHUKOB (KOHTPOJUIEPOB
OpenSCADA) Tonbko Ha ogHOW cTaHuuu. IIpu 3TOM 3a7a4M OCTAJBHBIX CTAaHLUUN MEPEXOIAT B
PEKUM CHHXPOHU3ALMM JIaHHBIX C MCIHOJHSAIONMICH cTaHuue. B ciydae mnoTepu CBsA3M C
UCTIOJHAIOLIEH CTaHIMel 3amyckaeTcs 3a7aya JOKalbHOTo coopa naHHbIX. [IpenrycMoTpena Takxke
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BO3MOXXHOCTh ONTUMAJIbHOIO pacHpe/IesieHne Harpy3KU UCIIOHEHHUS 3a/1a4 cOOpa TaHHBIX TPYIIIbI
KOHTPOJJIEPOB MEX/1y CTAHLUSIMHU.

+ OnTumu3zaius Harpy3Kyd Ha BHEITHUE UCTOYHMKH JAHHBIX 3a CUET 3alpoca JaHHbBIX Y BHEIIHETO
HUCTOYHUKA TOJBKO OJHHUM Y3JIOM. B @pakTHKE YacTO BCTpEYarOTCsl BBICOKOHATPY)KCHHBIE
WCTOYHUKH JAHHBIX WJIM MHTEP(EHCHl TOCTyNa K UCTOYHUKAM JTAHHBIX, JJIS KOTOPBIX Jaxe cOop
JAHHBIX OJHOW CTaHIIMEW MOXKET OBITh TPOOJIEMOI U MOTPeOYyeT CHIKEHUS IEPUOJMYHOCTH cOopa,
T.€. KadecTBa JAHHBIX. MEXaHU3M pEe3epBUPOBAHHUSA, KPOME paCHpPEIENICHUSI HAarpy3KH MeExay
CTAaHUMSAMH [0 ONMCAHHOM BBIIIE CXEME ITO3BOJSET CHATH JOMNOJHUTEIBHYIO HAarpy3Ky Ha
MCTOYHUK JJAHHBIX M €r0 UHTEeP(ENChl, TEM CaMbIM MOBBICUB Ka4eCTBO JIAHHBIX.

+ [lpenoTBpaiienue HEKOTOPOro OTIMYUS JaHHBIX HAa pa3HbIX y3jaX, CBS3aHHOE C
HECOBMA/ICHUEM MOMEHTOB BpPEMEHHU IpPH HE3aBUCHUMOM cOOpe MAaHHBIX OTICIbHBIMHU Y3JIaMHU
MyTéM TMOJY4YEHUs] JaHHBIX Yy CTAHLUU C aKTUBHBIM KOHTpoOJUIepoM. B cucremax BBICOKOM
OTYETHOCTU C PE3EPBUPOBAHUEM JOJKHO OBITh HCKIIOYEHO WM CBEICHO K MHHHUMYMY
PacxXoXKJIeHUE B JAHHBIX HA Pa3HBIX CTAHIMAX, YTO MOJPa3yMEBACT pealIbHBIA COOP JTAaHHBIX OJHOM
CTaHLIMEW U CUHXPOHHU3AILIMIO C STUMH JIaHHBIMH OCTAJIbHBIX CTaHIIUM.

Hactpolika pe3epBUpOBaHUs HauMHAETCSA C JOOABJIEHUS PE3EPBHBIX CTAHIMM B CHHMCOK CHUCTEMHBIX
cranimii OpenSCADA Ha Briagke "lloacucrema" moncuctems! "Tpancmoptsl" (puc.13). [lanee Bes
KOH(UTypalus pe3epBUPOBaHUS NPOU3BOAUTCS BO BKIaake "PesepBupoBanue" moacucremsl "CoOop
naHHbIX" (puc.14).

| )

QT Configurator of OpenSCADA; Station 1

Dain  PepakTupoeaHie  Bug  Momows  @TStarter
200 28
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Puc. 13. Bxnagka "Iloacucrema" noacucremsl "'TpancropTsr”.
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O QT Configurator of OpenSCADA: Station 1
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Puc. 14. Bxnanka "PesepBupoBanue” moacucreMsl "COop naHHBIX".

3amauya OOCIIY)KMBaHMS MeXaHM3Ma pEe3epPBUPOBAHUS 3aIllyCKAaeTCsl BCerja M MCIOJHIETCS C
NEePUOIUYHOCTHIO, YCTAHOBJIIEHHON B COOTBETCTBYIOIIEM KOH(UTYpallmoHHOM Tojie. PeanpHast paborta mo
OCYIIIECTBJICHUIO PE3EPBUPOBAHUS OCYILECTBISETCS MPU HAIUYUHM XOTSI Obl OJJHOW pe3epBHON CTaHIIUU B
CIIMCKE CTaHLIM{ U NPEIOJIaraer:

+ KouTpons 3a coearHeHneM ¢ BHEIIHUMHU CTaHLIMAMU. B mporecce KOHTPOJIS OCYILECTBISIOTCS
3alpochl K ylal€HHBIM CTaHIMAM 3a OOHOBJIIEHHMEM HMH(OpMalMM O HUX U IpOBEpKe CBsA3U. B
cillyyae IIOTEpU CBA3M CO CTAHIMEW MOBTOp IOAKIIOUEHUS K HEHW OCYLIECTBIIAETCA 4Yepes3
IIPOMEKYTOK BPEMEHH, YKa3aHHbIH B KOH()UIYpallUOHHOM IIOJIE HMHTEpBajla BPEMEHHU
BOCCTaHOBJIEHUs coeauHeHus. B nosne ")KuB" cranumm otoOpaxkaercs: TeKyllee COCTOSIHUE CBSI3U.
B none "Cuétuuk" nmpeactaBieHO KOJIMYECTBO 3aPOCOB, OCYIIECTBICHHBIX K YAAUIEHHONW CTAHIIUH,
WJIN e BpeMsl, OCTaBLIeECs Il OCYILECTBIICHUS CIEAYIOIIEH NOMBITKA COETUHEHUS C IOTEPSHHON
ctanuuyd. B mose "3amyieH" NpuUBOAWTCS NEPEYEHb AKTHUBHBIX KOHTPOJUIIEPOB Ha YAAJIEHHOM
CTaHLUM C IPU3HAKOM JIOKAJIbHOI'O UCIIOJIHEHMSL.

 JlokanbHOE TIUJIAaHMPOBAHUE MCIIOJHEHHS KOHTPOJJIEpOB B  pe3epBe. IlmaHupoBaHue
OCYIIIECTBIISIETCSI B COOTBETCTBHHM C YPOBHSAMH CTAaHIMH W TIPEANOYTECHUSIMH WCIIOJHEHHS
KOHTPOJUJIEPOB.

+ BBbI30B (QyHKIIMM CHHXPOHM3ALWU MAHHBIX IS JIOKAIBHBIX KOHTPOJUIEPOB, PAaOOTAIOMIMX B
peKUMe CHUHXPOHM3AllMM JAaHHBIX W3 BHEUIHMX CTaHUUMI. B mporecce BbI30Ba OCyIIECTBISAETCS
MIOArOTOBKA 3ampoca K JaHHBIM YAAJNEHHOW CTaHUMM Ul [apaMeTpoB B KOHTPOJUIEpE U
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OTTAJIKUBAsCh OT BpEMEHM Ipouuioro 3ampoca. Ilo 3ampocy BO3BpamaroTCs TOJBKO 3HAYECHHS
MOJU(UIMPOBAHHBIX aTPUOYTOB U TOCIIEJOBATEIBHOCTh 3HAUYEHUHM M3 apXuBa B CiIydae MOTEpU
HECKOJIBKMX LIUKJIOB 3HAYECHH.

Jnst KOHTpossE 3a BpEMEHEM, 3aTpPaueHHbIM Ha BBIMOJHEHUE LHUKIA 3aJauyd  OOCIyKUBaHUS
pe3epBUPOBaHUS, IPEAYCMOTPEHO ToJie cTaTyca. [Ipu npubnmkeHnn peasbHOTr0 BPEMEHH BBITIOJTHEHHS K
UKy 3aJ1a4l OOCITY)KHBAaHHS PE3EPBUPOBAHUSA PEKOMEHYETCS YBEIMYUTH MEPUOJIUNIHOCTh UCTIOTHCHHMS
9TOM 3agaun!

Hns xontposuiepa moacuctembl "COOp nMaHHBIX" TMPEAYCMOTPEHBI PEXUMBI ACUMMETPHUYHOTO H
CUMMETPUYHOTO pPE3epBUPOBAHMS. ACUMMETPUYHOE pPE3epPBUPOBAHME pabOTaeT ¢ TOM KoHUTyparueit
KOHTpOJUIepa yOalEHHOW CTaHIMHU, Kakas €CTh M He mbiTaeTcs €€ 0000mars. CUMMETPUYHBIA PEKUM
MOJIpa3yMeBaeT CHUHXPOHU3ALWI0 KOH(PHUTypaluu KOHTPOJJIEPOB CTAaHIMI C KOH(UTypalued CTaHINH
HAWBBICIIIETO YPOBHS, a TAKXKE MPEAINOIaracT BHECCHHE H3MEHCHHI B KOHPUTYPAITUIO BCEX KOHTPOJLIEPOB
CTaHIIMH IIPU U3MEHEHHUH €€ Ha OJHOM U3 cTaHui. Ha 1aHHBII MOMEHT 3TOT peXUM HE peain30BaH!
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