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XepCOHCHKHI HalllOHAJIbHNI TEXHIYHUI YHIBEpCHUTET

3ACTOCYBAHHS MOJIEJIEX JUCKPETHUX ABTOMATIB ITPA
ITPOI'PAMYBAHHI ITIPOI'PAMOBAHHUX JIOT'TYHHUX KOHTPOJIEPIB

Y cmammi O0ocniosxcyromeca nepcnekmueHi Mooeni OUCKPEMHUX A8mMoMamie, CYMICHI 3
MOBAMU NPO2PAMYSAHHS NPocpamosanux no2iunux kouwmponepis (IIVIK). Pozensnymo memoou i
3aco0uU npoeKmysanHs U peanizayii cucmem YnpasiinHi OUCKPeMHUMU NOOIUHUMU CUCTEMAMU
Ha ocHogi IIJIK 3 6UKOpuCmaHHAM I€papxXiyHux MOOVIbHUX HeOemepMIiHOBAHUX aA8MOMAamis
(IMHJ[A). Posenanymi y cmammi nioxoou 00380JI5110Mb CHeYianicmam-mexHonio2am 3 6azoeumu
HABUYKAMU NPOSPAMYBAHHA po3podnamu npocpamu ons IIJIK oOns  peanizayii ckiadHux
an20pummie YnpaeiinHa MexHoN02TYHUMU NPOYecamu.

Jna nasuannsa cmyoenmise xagheopu mexuiunoi xioepnemuxu XHTY ma Odocnioscenns
MoOenell QUCKPEMHUX a8momMamie Oyi0 po3pooieHO HA8UANIbHO-00CTIOHUYbKUl cmend. Cmeno
cknadaemocs 3 PLC OWENG63, a maxooc IIK ma mooeni 06'exkma ynpaeninusa. Ilpoepamysanns
konmponepa PLC63 suxonyemwcs 6 cepedosuwyi CODESYS 3a donomozoro moe IEC 61131-3.

Knwouosi cnosa: npocpamoganuil n02iunuti KoHmponep, OUCKDemHUll asmomam,
CMPYKmMYypo8anutl mexcm, peietina oiazpama, oiazpama GYyHKYIOHATbHUX OJI0KI8, OUCKpemHi
NOOIUHI cucmemu.

M.B. EJIMHOBMNY, 1.B. BAMPAK, C.JI. KAPIIEHKO

XepCOHCKUI HallMOHAJIbHBIN TEXHUYECKUH YHUBEPCUTET

NPUMEHEHUE MOJEJIEH TUCKPETHBIX ABTOMATOB ITPH
ITPOT'PAMMUPOBAHUU TIPOTPAMMUPYEMBIX JIOTHYECKHUX
KOHTPOJIVIEPOB

B cmamve uccneoyromcsa nepcnekmugHvie  MoOenu  OUCKPEMHbIX — A8MOMAMO8,
cosmecmumble C A3bIKAMU NPOCPAMMUPOBAHUS NPOSPAMMUPYEMBIX JI0CUYECKUX KOHMPOLLEPOS
(IIVIK). Paccmompenvt memoobl u cpedCmed NpOeKMUupoS8anus U pearu3ayuu cucmem
VApasieHuss OUCKPEMHbIMU COOLIMUIHBIMU cucmemamu Ha ochose TIJIK ¢ ucnonvzoeanuem
uepapxu4eckux MoOyIbHuIX HeoemepMuHuposannvix aemomamos (UMHJ[A). Paccmompennvie 6
cmamobe  N00X00bl  NO360NAIOM  CREYUATUCAM-MEXHONI02AM €  0A308bIMU  HABLIKAMU
npocpammuposanus  paspabamvieame npocpammel 0o IIJIK ona  peanusayuu  croxicHwix
AnOpUMMO8 YNpasIeHUs MeXHONI0SULeCKUMU NPOYECCAMU.

s obyuenus cmyoenmos xagheopvl mexnuueckou kubepnemuxu XHTY u ucciedosanus
Mmooenel U OUCKDEMHbIX aA8MOMAmo8 Obll pa3paboman yueOHO-UCCIe008aMeNbCKULL CMEHO.
Cmeno cocmoum uz PLC OWENG63, a maxoce IIK u moodenu obvekma ynpasieHus.
Ipoepammuposanue konmpoanepa PLC63 svinonnsiemes 6 cpede CODESYS ¢ nomowvio s1361k08
IEC 61131-3.

Kniouesvie  cnosa: npoepammupyemviti  102udecKuti  KOHMpOLIep,  OUCKPEemHble
asmomamsl,  CMPYKMYPUPOBAHHLII — MEKCMm,  pelelHas  ouazpamma,  Ouazpammol
DYHKYUOHANbHBIX O10K08, OUCKPEMHblEe COOLIMULIHbLE CUCTNEMDL.
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APPLICATION OF DISCRETE AUTOMATA MODELS AT PROGRAMMING
OF PROGRAMMABLE LOGIC CONTROLLERS

The application of digital technologies in the modern industry is due to the introduction
of programmable logic controllers, personal and industrial computers at all levels of automated
control systems. A significant number of management tasks in these systems are described by
models of discrete automata, on the basis of which algorithms and programs for digital control
are developed.

The article deals with the procedure of developing programs for programmable logic
controllers on the basis of models belonging to the class of discrete event dynamic systems
(DEDS). These systems are characterized by the discreteness of the space of states. Typically,
Petri Networks and their extensions are used to design systems using the DEDS model. Despite
its versatility of the model, created on the basis of this methodology in the study of parallel
processes have a complex implementation. Instead, the use of nondeterministic automata (NA)
makes it possible to investigate the location of an automaton in several local states when
activating multiple transitions. An improved structure of non-deterministic automata in the form
of a hierarchical model with a modular structure makes it quite easy to create programs for
programmable logic controllers using the IEC 61131-3. The base module of HMNA is
implemented on the basis of LD and FBD. It should be noted that in the case of modeling a
discrete machine using graphs or Petri Networks, the direct use of IEC 61131-3 languages is
rather problematic, so the structure of the DEDS design tool system based on the HMNA is
proposed. This approach can be considered promising as it allows specialists with basic
programming skills to develop digital control software for implementing complex algorithms.

A training and research stand was created for students of the Department of Technical
Cybernetics of KNTU and conducting research in the field of discrete automata. The stand
consists of a PLC OWENG63, a PC and a control object model. PLC63 controller programming is
carried out in the CODESYS environment using languages IEC 61131-3.

Keywords: programmable logic controller, discrete automata, structured text, ladder
diagram, function block diagrams, discrete event systems.

ITocTanoBKka nmpoodJieMu

[Mporpamosani noriuni kontponepu IIJIK (PLC) Bemyts cBiit pomosin Bim Modular
Digital Controller -Modicon, sikuii 1o cyTi 6yB MPOrpaMOBaHUM aHAJIOTOM PEJICHHO-KOHTAKTHHX
cxeMm ympaeiiaHsa. Mozgens Modicon 084 mana obcsar mam’siti 4 kb 1 Bumyckanacst IpoTsAToM
necsatu pokiB. CywacHi IIJIK, okpiM GyHKIIH JUCKPETHOTO YMPAaBIIHHS, MMATPUMYIOThH
aHaJIOTOB1 3aKOHU YIPABIiHHS Ta MalOTh PO3BMHEHY CHUCTEMY BXOJIIB/BUXOIIB 3 MiATPUMKOIO
0oOMiHy 110 TTUdPOBIN MEpexi.

Sk Bimomo [1], Teopis mudpoBUX aBTOMATIB pO3BUBAJACS MapajeiIbHO i3 PO3BUTKOM
EOM. IctropuyHoO croyaTKy nodajia po30yJ0ByBaTHCS Ta YaCTHHA TEOPii CHHTE3Y aBTOMATIB, sIKa
Ma€ CIIpaBy 3 eTaroM KomoOiHariitHoro cunresy. ¥ poborax B.I. Illecrakosa i K. Illennona Oyna
BIIEpIIIE MPOJAEMOHCTPOBAHA TUIOJOTBOPHICTD 171€1 3aCTOCYBaHHSI PO3BUHEHOI'O PaHIIIe B paMKax
MaTeMaTUYHOI JIOTIKM amapara Tak 3BaHOi OyyieBoi anredpu 10 mpolieM KoMOiHAmiiHOTO
CHHTE3Y PEIeHHO-KOHTAKTHUX CXEM.

Po3BuBatounch y paMKax JIOTIKO-MaTeMaTU4YHOI Teopii pelelHO-KOHTAKTHUX CXEM,
TEOpiss KOMOIHAIIMHOTO CHHTE3Y JOCATJIa 3HAYHMX YCHIXiB 1 TICIAS TOSBU E€JIECKTPOHHHUX
U(POBUX MAIIKH CTaja YCIHIIIHO MPUCTOCOBYBATHUCS JI0 MPOOJIEM CUHTE3Y CXEM 3 €JIEKTPOHHUX
JIOT1YHHX €JIEMEHTIB.
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Ha mmxnix piBHax iepapxii ACYTII IIJIK 3aiiMaroTh J1OMiHYIOYl MO3UINT 1 MPAKTHYHO
BuTicHua I1K 1 ogHOKpHCTanbHI MIKPOKOHTPOJIEPH 3aBISIKH CHEIiali30BaHii KOHCTPYKIT 1
po3BuHeHOMY iHTep(eiicy. [Jms cnpomenns nporpamyBanns [1JIK 6yno po3po6iieHo ctaHmapT
IEC 61131-3, sikuii onucye MOBH HpOTrpaMyBaHHS Uil MPOTPAMOBAHMX JIOTIYHUX KOHTPOJIEPIB.
Cranmapt BKIO4ae TEKCTOBI MoBU: ST (cTpykTypoBaHwii TekcT), IL (MoBa iHCTpyKIii) Ta
rpadiuni moBu SFC (mocnimoBHi ¢yHKmioHanbHi Onoky), FBD, (miarpamu ¢yHKIiOHATBHHX
omokiB) LD (peneiini miarpamu). HasBuicte MoB cranmapty |EC 61131-3 gosBosse
creniajgicraM 3 0a30BUMH HAaBHYKaMHU MPOTPAMyBaHHS PO3POOJIATH MporpaMHe 3abe3rnedeHHs
[UIK. Ane mpocroTa mporpaMyBaHHS MOJXKE 3irpaTH 3JIMHA KapT 13 pO3pOOHHMKAMHU, OCKUIBKH
NPOCKTAHTU 37eO1BIIOr0 IMOCIYTOBYIOTHCS 1HTYIII€I0 1 BJIACHUM JOCBIZOM, YHHUKAIOUH
CHCTEMHOTO MiAXOAY B PO3pOOIl JUCKPETHOTO MPHUCTPOIO YMPaBIiHHI. Y MiJICYMKY TaKud
HiAX1A TPU3BOAUTH O MOSIBM MOMMJIOK Ta 3aTATYBaHHS CTPOKIB PO3poOKH mHpoekTy. Tomy
OYEBHIHO, 1110 3aCTOCYBaHHS TEOPii TUCKPETHUX aBTOMATIB JO3BOJINTh BPAaxXyBaTH yCi MOKIIHBI
KOMOiHaIi1 B poOOTI IPUCTPOIO, yOE3MeUnTh CUCTEMY BiJ] 3aIIMKIIIOBAHb Ta aBApPIMHUX CUTYAIliil.

AHaJIi3 OCTAHHIX J0CTiIKeHDb | myOJaikaniii

3amadi MUCKPETHOTO YIPAaBIIHHS MOMIISIOTHCS HA JBI OCHOBHI Tpymu — KOMOIHAIlIKHI
aBTOMATH Ta aBTOMATH 3 IaM’SITTIO0 ab0 mociigoBHicHI [2]. ABToMaTH mepioi rpynu GopMyroTh
BUXIJIHI CUTHAJIU, 1110 HE 3aJIeXaTh BiJ NOMEPEHHOIO CTAHY MPUCTPOIO 1 BU3HAUAIOTHCS JIUIICHD
KOMOIHaII€r0 CUTHATIB Ha BxoAl mpuctporo. [Iporpamysanns [1JIK y nboMy BHUITaKy 3BOAUTHCS
710 BU3HAYEHHS JIOTIYHOT PYHKIIT 1 HE CTAHOBUTH OCOOJIMBOI MTPOOIEMH.

ABTOMAaTH APYroro TUITY OMUCYIOTHCS BimoMuUMH Mojaelsmu Mypa 1 Mimi. Ha Bigminy
BiJl aBTOMaTa Mypa, aBromatr Mini BitoOpakae cTan BxoJy X yHpaBJIsIFOuOro aBTomMara Ha Horo
Buxig Y 0€3 3aTpUMKH, IO IJABHUIINYE IMBHIKOJII CUCTEMH B IioMy. BomHodac BiCyTHICTB
3aTpUMKH 3 OOKy oOIepauiifHOro aBTOMaTa MOXE IMPHU3BECTH 10 MOMUJIKH B YIPABISIOYOMY
aBTOMaTi. Y TakoMy BHIQJKY [OLUJIFHO BHKOPHCTOBYBaTH aBToMaT Mypa. Jlns ycyHEeHHS
NOiOHUX MPOTUPIY 3aCTOCOBYIOTH MOJENi, IO 00 €IHYIOTh BJIACTUBOCTI 000X AaBTOMATIB,
Hanpukiaa, B pobori [3] Oyma 3ampomonoBana kommosuitiina mogens CT (puc. 1) Ta ii
monudikaris CTS.

Puc. 1. Ilpuxaan rpaga CT-aBromara, I — ninrpadg aBromara Midi,
II — minrpa¢ aBromara Mypa

CT-aBToMar 00’eHye BIAacTHUBOCTI aBTomariB Mumi 1 Mypa 1 mposiBiasie Ti, 4 1HIII
BJIACTMBOCTI IIMX aBTOMATIB Ha OAHOMY abctpakTHOMYy Buxoai. Moaens CTS moaidua mo CT,
ajie peajidye BIAacTUBOCTI aBTOMariB Mypa 1 Mini He3anexHO y MpOCTOpi KOOpIMHAT
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BEKTOPHOTO BHXOAy aBTOoMara Ta y 4Yaci. CTS Mojenp y3arajbHIOE BJIIACTHBOCTI aBTOMATIB
Mypa, Mini C, CT i Moxe BUPOJIKYBaTHCS y OyIb-sIKUH 3 HUX.

Sk BHIHO 3 PO3TIIIHYTOTO MPHKIAAY KilacuyHi Mojaeni Mypa i Mijii He BIAMOBIZAIOTH Y
MOBHINM Mipi CydyacHHMM BUMOTaM (HaAiiHOCTI, IIBUIKOAI), TOMy BEIETbCS pO3poOKa CydacHOi
KOHIIEIII] KIHIIEBOTO aBTOMATA.

Meta aocaixkeHHs

VY crarTi IOCHIKYIOTBCS TEPCHEKTUBHI MOJENI JUCKPETHHX aBTOMATIB, CyMICHI 3
MoBamu nporpamysanHs [1JIK.

BuxkJ/jiageHHs1 0CHOBHOI0 MaTepiay 10C/IiKeHHS

VY cyuacHiii Teopii AMCKPETHHUX aBTOMATIB PO3POOISETHCS MOJEIb HOBOTO KIacy, IO
HaJICKUTh 0 JTUCKPETHUX TWHAMIYHHUX CHCTeM - AuckperHi moxiiHi cuctemu [IIC (Discrete
Event Dynamic Systems — DEDS) [4]. 3a3Bu4aii [y IpOEKTYBaHHs CUCTEM 3 BUKOPUCTAHHIM
mozem JIIIC 3acrocoBytorbest Mepexi Iletpi Ta ixHi  posmmpenHs. [lompu cBoro
yHIBEpCAIBHICTh, MOJIET, CTBOPEHI Ha OCHOBI 3a3HaUY€HOI METOMWKH, MPHU JOCTIIKEHHI
nmapajelbHUX  TPOIECiB  MalTh  CKJIaaHy  peanmizamiro.  Hartomicth,  3acTocyBaHHSA
HeneTepMminoBaHuX aBToMatiB (H/IA) mae MOXKIIMBICTD TOCHIIKYBAaTH 3HAXOKCHHSI aBTOMATa B
KUTBKOX JIOKAJIBHUX CTaHax MPH aKTHBaIlii Kiabkox mepexoniB [5]. Ctpykrypa Bimomux HJIA €
OJHOMIPHOIO, 1[0 HE J03BOJIAE JOCHIKYBaTH CKIQJHI 1€papXidHi CUCTEMHU AaBTOMATHKHU. Y
pobori [6] 3ampomonoBana iepapxiuna momeiar HJIA 3 momymsHOIO cTpykTyporo - IMHJIA.
basucHuit Mmogyns IMHJIA BU3Ha4a€eThCs HACTYITHUM KOPTEKEM:

MB = (EI,DI,DO,S,5,9,v,9), 1)

ne S = {s4,S,, ..., Sk} — MHOXHHA JIOKaJbHHUX CTaHIB aBToMary, El = {eiq,ei,, ..., ei,}
MHOXXHMHA iMnynbcHUX BXomiB; DI = {di;, di,, ..., di,,} — MHOXXMHA MOTCHIIIAIILHUX CUTHAJIB
ynpasiinns,  EO = {eoq, €0, ...,€0,} — MHOXHMHA iMOyJdbcHHX  BHXOAiB; DO =
{do,y,do,, ..., doq} — MHOKMHA MOTEHIIAIbHUX CUTHAIB YIIPABIiHHS HA BUXO/I.

Ines 3ampormoHOBaHOTO MeTOJa TMOJSATAa€ y CTBOPEHHI CKIQJAHHUX  CTPYKTYD
HEJeTEepMIHOBaHMX aBTOMATIB 3 0a30BUX MOAYIIB YHI(pikoBaHOI CTpyKTypu. bazoBuii moayib
MPEACTABISIOThH Y BUIJIAAI (DyHKIIIOHAIBEHOTO OJ10Ka (purc.2).

eiq €0
G?fz 20
€in eop
(ffl do]
(ffg (]OZ
dip dog

Puc. 2. Intepgeiic monyass IMH/IA

MHounHa A niepexo/iiB MiXk JIOKaTbHUMH CTaHAMH aBTOMATy:
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ACSxElIx2Px 2D x 25x 25 xS, 2

[Mepexiza 3 0HOTO JOKAIBHOTO CTaHy B iHImMN O € A. Pri (3) — i-Ta KOOpAMHATA KOPTEKY
0. Tomi Pr1 (3) ta Pr7 (8) — BuXimHui Ta HUIBOBUH CTaH mepexody BiAmoBimHO; Pr2 (8) —
MUTTEBUH BXimHui curHai; Prs (8) Ta Pra (8) — MHOXXMHU HYJBOBHX Ta OJAWHUYHUX BXITHUX
CUTHAJIB YyMpaBiiHHs BiAnoBigHo; Prs (8) Ta Pre (8) — MHOXHHM JO3BUIBHHX Ta 3a00pOHHHX
CTaHIB aBTOMATY BiAMOBiTHO. PoO0OTa aBTOMAaTy 0OMEKY€EThCS HACTYITHUMH BUPa3aMHu:

Prs (6) N Pre (8) = @ — cTan aBTOMaTy He MOke OyTH ogHOouacHo 0" Ta "1";

Prs (8) N Pra (§) = @ — nmoTeHIiiiHUN CUTHAJ yIpaBIiHHSA HA BXOJi IMOBHHEH OyTH a00
OJTMHUYHUM, 200 HYJIbOBUM.

3anpornoHOoBaHUM aBTOMAT, Tak camo, ik CT-aBTomaT, MO€IHy€E BIACTUBOCTI SIK aBTOMATa
Mypa, Tak i aBToMaTa Misi (BiIHOCHO BHXIJHUX CUTHAIIB).

CrpykrypHa iepapxis momyiasHoro HJIA mo3Bosisie B OJMH MOMEHT 4acy MaTH KiJbKa
no3BosieHux mepexomiB [6]. Ilepexim O BBakaeThCst TpurepHuMm, koiau Prz (8= @, abo
¢dopcoBanuM 30BHIIIHIM curHaioM Pra2(8)#@, rodto Pr2 (8) € El, HaTomicTh TpurepHuii mepexin
3aBKAM aKTUBHUH. YCl aKTHBHI NEPEXOAW B aBTOMAaTax JAHOTO THUIY MOXYTh BHKOHYBaTHCS
CUHXPOHHO.

ba3zoBi iepapxiuHi MOMyN JO3BOJISIOTH CTBOPIOBATH KOMOIHAIlT 3 KIIBKOX MOJYJIIB
(cxmameni Moaymi), abo MoOAynpHI Mepexi. TakuMm 4YHMHOM, 3alpONOHOBaHA CTPYKTypa
HEJICTEPMIHOBAHOTO aBTOMAaTa JO3BOJISIE JOBOJI Jerko po3pobmstu mporpamu st TIJIK Ha
ocHoBi LD a6o FBD moB crangapty IEC 61311-3.

[onpu te, mo monens HIA no3Bossie peanizalito 103BOJIEHUX MapalelbHUX NEPEXOIIB
3a MIEBHUX YMOB, HaNpHUKJIaJA, MPU OAHOYACHOMY YHMTaHHI 1 3amucy cTaHy eneMmeHTta S. s
YCYHEHHS MOAIOHMX Komi3iii B [7] mpomonyeThcst aBoTakTHa Moxaeiab HJIA. 3MinHa crany S
posinserses Ha S Ta S . Y mepmoMy TakTi hOPMY€ThCS KOMIIOHEHTA S; y Pe3yJIbTaTi Iepexomy

Si'3i-roy j-it cran S;’ A Cy j, ne C; j — M03BLI 1LOTO MEpeXoty. Y APyroMy TakTi S; mepenaecTbes
Ha BUXiJ OJIOKY:

g

S!

=S @3)

j

Jlns peamizarii  3ampomoHoBaHoi  nBoTakTHOi  momeni  HJIA  mooro LD
BUKOPUCTOBYIOTbCS ~ PENICHHI  CTPYKTYpPH [UIS MOJICJIIOBAHHS €JIEMEHTIB MaMm'siTi, 110
MPEACTABISIIOTh CTaH. BiMOBIIHO 10 ABOKOMIIOHEHTHUX MOOYIOB CTaHy peajizariitHoi ¢popmu
HJIA BuainsioTh penie Mepiioro CTyNEHs Ui peani3amii meprmMx KOMIOHEHTIB CTaHiB 1 pese
JIPYroro CTYIIEHS BIJAMOBIMHO I peajizallii apyrux kommnoHeHTiB. Ha puc. 3 mpuBenena

3arajibHa cxema peaiizanii 6azucHoro moayis IMHJIA Ha ocHoBi koMGiHyBanHs MoB LD i FBD.
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Monynbs ckinagaeTbesi 3 NBOX (QYHKIIOHATBHUX ONOKIB Fmain i Fout, KOXEH 3 SKUX
omucyeTbesi 3a jgomnomoror LD-miarpam. LD-giarpama, inkamncynboBana B ®b Fmain, i
CKIamaeTbess 3 Tpbox rpyn. llepma rpyma ¢dopmye 3HaYSHHS Sj’ nepmoro Ttakry HJIA.
Makpoxkona, mo oGunciIIoTs yMOBH 30ymkerHs pene Ci (i = 1,7n), mosHavyeni Ha puc. 3
oBanamu. OGYHCIEHHsS IUX yMOB BHKOHYEThCS BilMOBimHO 1o BUpasy S;' A C; ;. pyra rpyma
oburciaroe BUXiAHI 3HaueHHS momieBux ("IMIyJabCHHX') CHTHANTIB €0m. YMOBH IEPEXOIiB
Gk (k = 1,m) 06YHCITIOIOTHCS HACTYITHUM YHHOM:

G = V(syspee,(Si" ACij), (4)

ne Ex - MHO)XKMHa nepexo/iB aBTOMaTa, MapKOBaHUX CUTHAJIOM E0k.

Tpers tpyma 3xiiicmioe mepexin S; =S;’. Takum yuHOM, Ha BuMXOAi Fmain maemo
3HAYEHHs1 BUXiJTHUX CUTHAIIIB €0m Ta CUTHANIB CTaHy S;'.

LD piarpama, inkamncyinsoBana B @b Fout, oOumcitoe 3HaYeHHS BUXIJHUX CHUTHAIIB
ynpasiinas dO Ha OCHOBI KOMITOHCHTIB CTaHIB S, Ipyroro TakTy. BUKOPHCTOBYBaHi MaKpOKOJa
Fk (K =1,u) y BUIIAi MapaieabHo 3'€JHAHNX KOHTAKTIB 00YMCITIOTh (QyHKIIII:

Fk = VSiEZk Si"' (5)
ne Zk — MHOXHHA CTaHiB, IPU aKTHMBHUX 3HAYCHHSAX SKUX BUAAETHCS 1HGOpMALiHUI CUTHAI
dox.

Crin 3a3HaYUTH, IO y BUITAIKY MOCIIOBAHHS JAUCKPETHOTO aBTOMATa 3 BUKOPUCTAHHSIM
rpadgiB  a6o wmepex Ilerpi Oesmocepenne 3actocyBanHs MoB IEC  61131-3  nmoBomi
npo0ieMaTHYHO, TOMY B po0OTi [7] 3ampomoHOBaHa CTPYKTypa IHCTPYMEHTAIbHOI CHCTEMH
npoektyBanHs JIIIC nHa ocHoBi IMHJIA. ®parmeHT 3anmpoOnOHOBAaHOi 1HCTPYMEHTAJIbHOI
CUCTEMHU NPUBEACHO Ha puc. 4.

Mpadiamii || XML-npeacrasnesus Gifnictexa mogynis | .|  Tpawcnatope | CODESYS

pegartop HOAACAD) Moyl IMHAA — IMHLA nporpami MK

Puc. 4. ®parMeHT CTPYKTYpPH CHCTeMH MiATPUMKH npoexktyBanus AI1C
Ha ocHoBi IMHJIA.

st popmyBanus 6a3oBoro moxyiisi HIIA 3actocoByerhest rpadiunuii penakrop ACAD.
Tpancnsatop XML-Onucis IMHZIA B nporpamu s IIJIK nmpusHaueHo [uisi aBTOMaTUYHOTO
neperBoperass IMHJIA B mporpamu IIJIK, mpeacraBieHi y BiANOBIZHOCTI 31 CTaHIAPTOM
PICopen XML. 3 MeTor0 10OCIIPKEHHS BIaCTUBOCTEH IUCKPETHUX CUCTEM YIIPABIIHHSI, a TAKOX
3aCTOCYBaHHA 1X y HaBYAJbHOMY IPOILECi CTYICHTIB Kadenpu TexHiuHoi KibepHeTnkn XHTY,
Oysi0 po3po0IeHO HaBYAJIbHO-AOCHIAHULBKUAN cTeHa Ha ocHOBI koHTposepa OBEH IJIK63,
puc. 5.

— )

SR T L

Puc. S. JIaGopartopHniii cren Ha 6a3i I1JIK63
1 -1IJIK63; 2 — EII1; 3 — monitop IIK; 4-10 kieMu s miaK/I04YeHHs 30BHIITHIX

npucTpoiB; 11 — cBiTiI0AiOAHI IHIMKATOPH.
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Kontponep mae MOHOOIOYHY KOHCTPYKIIIO 3 MOKIJIHMBICTIO MiAKIIOUCHHS MOJYJIS
posmupenHs MP1. Mae BiciM AMCKpPETHHX 1 BICIM yHIBepCaJIbHUX aHAJIOTOBUX BXOJiB. Tum
anajoroBoro garuuka (TII, TO, pe3ucTuBHUI a00 aKTUBHUN CTPYMH YW HAIPYTH) 3aTAETHCS
nporpamMHo. TakoX KOHTpOJEp Ma€ INiCTh BUXOJIB, OJUH 3 SIKUX AMCKPETHHUH, pemra —
aHajoroBi abo muckpetrHi. OKpiM caMOro KOHTpoJiepa, CTEHJ OOJaJHAHWK TepCOHATBLHUM
KOMIT FOTEPOM 3 HEOOX1THUM MPOrpaMHHUM 3a0€3MEUEHHSIM Ta MOAEIUII0 00’ €KTa yNpaBIiHHS -
emyssitopom tiedi EITl, obnagHaHUM 1aT4yukoM TemmepaTypu. XapaKTepUCTUKH KOHTpOJepa
JIO3BOJISIFOTh  BUKOPHCTOBYBAaTH HMOTrO Uil YNpaBIiHHSA PI3SHOMAHITHUMHU TEXHOJIOTTUHUMHU
00’€KTaMM Ta peari30ByBaTH CKJIAJIHI aJITOPUTMU MPOTpaMHOTO yrpaiiHHa. CTEH] OCHAIIEHO
KJIEMaMH JUIS IIBUJKOTO Ta 3pYYHOTO MiAKIIOYEHHS BXOJIB Ta BUXO/IB KOHTpojepa. JuckperHi
BXOJIM KOHTpOJIEpa MOXYTh OyTH IMIJIKJIIOYEHI 0 KHOIOK, [0 €MYJIIOIOTh AUCKPETHI CUTHAIN
abo /0 JAWUCKPETHUX JATYMKIB, SIKI MOXYThb OyTH BCTaHOBJEHI HA MOJENSAX KOHBEEDIB,
M AHOMHHKIB, BAKOHABUMX MeXaHi3MaxX.

IIporpamyBanns koutposiepa ITJIK63 3niiicHioerscss y cepemoBuiii CoDeSys 3
Bukopuctanasm moB [EC 61131-3:

crpykrypoBanuii Teket (ST — Structured Text);

nocigoBHi GpyukmionansHi cxemu (SFC — Sequential Function Chart);

niarpamu ¢yHkuionansHux OokiB (FBD — Function Block Diagram);

peneiiHO-KOHTaKTHI cxemH, abo peneiini miarpamu (LD — Ladder Diagram);

cnrcok iHcTpykmin (IL — Instruction List).

3anporoHoBaHa KOHQIrypaiisi CTEHIy [I03BOJII€ BUKOHYBAaTH HACTyIHI HaBYaIbHI
3aBJIAHHS:

— 3100yTTs HaBUYOK nporpamyBanus Ha moBax IEC 61131-3 y cepenouii CoDeSys$;

— TPOEKTYBAHHS 1 JOCIIHPKEHHS JUCKPETHUX aBTOMATIB;

— mpoekTyBaHHs i qociipkeHHss CAP TexHOIOriYHNX 00’ €KTIB;

— po3pobka npoctux SCADA — mpoekriB i3 3actocyBanssM [1JIK63 1 momeneit 00’ ekTiB,

SIK pealIbHUX TaK 1 MPOrpPaMHHX;

— mobyaoBa npoctux Mepexx Modbus 3 BUKOpHCTaHHAM KUTbKOX KOHTPOJIEPIB 1 PUCTPOIB

BBO/Ty/BUBOJY;

— TPOEKTYBAHHS 1 TOCIIKEHHS PEJICHHUX CXeM YIPaBIiHHS.
BucHoBKH

Mopynena crpykrypa IMHJIA wmae noOpy CyMmicHICTH 13 BIZOMHMH 3aco0amu
nporpamyBanHs [1IJIK. 3anponoHoBana MeTOMKa J03BOJISIE CTBOPIOBATH HAabopu 0107110TEUHUX
Os1okiB y cepemoBuili po3poOku mporpam mis [1JIK, manpuknang, CODESYS, 3 momambmum
BUKOPUCTAHHSM Yy MPUKIAJHUX Mporpamax KoHTposiepiB. OcoOIMBO MPOCTO i€papXidHi MOIYII
HIIA peanizytothcst y BUTIIAAI (YHKIIOHATBLHUX OJIOKIB, ONMUC SKUX MOYKHA peajli3oBYBaTH Ha
moBax LD a6o ST.

CTBOpEHHSI IHCTPYMEHTAIBHUX CHUCTEM MPOEKTYBaHHS MU(POBUX aBTOMATIB JO3BOJIUTH
CYTTEBO HiIBUIIMTH €(EKTUBHICTh MPOCKTYBAHHS CUCTEM yTpaBiiHHSA Ha ocHOBI [IJIK.
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