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METOA NOACTAHOBOK B ®OPMAJIbHOM
CUHTE3E NPOrPAMM MNIK NO ANCKPETHO-
COBbITUMHBIM MOLENAM

XajaeeB A.C.l, bpanumros C.AZ
(Vupeorcoenue Poccutickotl akademuu HayK
Hnemumym npobnem ynpasnenusi PAH, Mockea)

B pabome paccmompeno pazeumue memooa cunmesa ancopummos
ynpaesnenus ona IIJIK ona cocmaguwix mooeneil. [lpednodscennviii
n00X00 NO03604€m A8MOMAMUYECKU GOPMUPOBAMb NPOSPAMMY
nogeoenus oas I1J/IK npu usmenenuu 3aoaqu ynpagienus. B ocnose
Memooa excum CuHmes Cynepeusopda, 0onyckarouezo Oe3onacHoe
@dyHKyuonupoganue 06veKma, No MOOeIU MeXHOLO2UYECKO20 00b-
exma, cneyuguxkayuu nosedenus u ozpanudenuti. Ilonyuennas
Cynepsu3opHas mooeiab npeobpaszyemcsa 6 aneopumm oasi IIIK
MemooomM NOOCMAHOBOK. B kauecmee uncmpymenma mooeiuposa-
HUsL ucnoawvsosanvl cemu Ilempu, npoepammnoe obecneuenue Ois
HJIK cunme3supyemcs Ha s3vlKe peetiHo-KOHMAKMHbIX CXeM.

KitoueBsie cnoBa: mporpaMMHUpyeMbIil JTOTHUECKUI KOHTPOJLIEP,
pENeHHO-KOHTAKTHAs CXeMa, TEOPHs CYNEPBU30PHOTIO YIIpaBlIe-
HUSL, JUCKPETHO-COOBITHIHAS cucTemMa, ceTb [leTpu.

1. BeedeHue

PemeHre 3aauu KOMIUIEKCHOTO YIIPAaBJIEHUS COBPEMEHHBIMU
MIPOM3BOACTBEHHBIMU NPEANPHUATHAMHU B HACTOSIIEE BPEMs MPEATIO-
JlaraeT OnpeAeiCHHYI0 IWHAMUYHOCTE B (JOPMHUPOBAHHMU aITOPHT-
MOB TEXHOJIOTUYECKOTO YIMpPaBICHHA. |PaguIOHHBIA MOIXO,

! Xaoees  Anwmon  Cepeeesuu, — kamoudam — mexHuueckux — Hayk
(khadeev@gmail.com).
2 Bpanuwmos Cepeeti  Anekcanoposuy, KanOudam MeXHUYECKUX HAyK
(pochta-na@mail.ru).
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OTHMPAIOIINICS Ha MTAPAAUTMY SKCTPEMAITBHOTO MPOrpaMMHUPOBAHHUS,
OKa3bIBaeTcs Majaod(p(EeKTUBHBIM IPH JTOCTATOYHO BBHICOKOW TUHA-
MHKE U3MEHEHUU LIeTIeil yrpaBicHUsI.

TUNUYHBIM MPOMBINUICHHBIM YCTPONCTBOM YIPABJICHUS SIBIISI-
eTcsi mporpaMMmupyembiid torndeckuii koutposiep (IUIK). Cymect-
ByeT Ha0Op CTaHJApTOB, OMHCHIBAIONINX TEXHWUKH CO3JIaHUS TPO-
rpamm st TIJIK [9], HO 3TM TEXHHKH OTHOCSATCS CKOpee K
(hopMaTbHOMY ONMHCAaHUIO METOAOB MPOTPAMMHPOBAHHA, TOT/A Kak
JIOTUKA YHpaBIeHHs] MPOTPaMMbl KOHTpoiiepa (GopMupyeTcss mpo-
IPAMMMCTOM B MEPY €r0 3HaHHUW U NPEJCTABICHUMN, B TOM YHUCIIE U O
paboTe CUCTEMBI.

B mocneanee mecatunerve BemyTCs aKTUBHBIE HCCIETOBAHUS
0cob0ro Kjiacca Mojiesiel CCTeM, B OCHOBHOM TEXHHUYECKUX, JHHA-
MHKa pa3BUTUA B KOTOPBIX MPOHUCXOAWUT IO BO3SHHKHOBCHUIO CO6I>I-
TUM, KaK BHEIIHUX, TaK U BHYTPeHHUX. /JJaHHBII Kilacc HOCUT Ha3Ba-
HUE JUCKpeTHO-coObITHiiHEIX cucteM (Discrete-Event Systems,
JICC) [8]. ITupokoe pacnpoctparenne JJCC oObICHACTCS pa3BUTON
METOJIONIOTHEH, BKITIOYAIOIIESH METONBI MOJISIIUPOBAHUS M PEIICHUS
3a/la4 JIOTHYECKOTrO yrpaBieHus. [[MCKpeTHO-COOBITUIHHBIE MOIETH
XOPOIIO TOJXOMAAT JJIsi ONKMCAHUs Pa0OThl U B3aUMOJICHCTBHS TPO-
MBIIIIEHHOTO 000pyaoBaHusa. CTpEeMUTENbHO pPa3BUBAETCS TEOPHS
CYTIEPBU30PHOTO YTIPABJICHHUS, UCCIEIYIONIas METOABI JIOTHIECKOTO
ympasienus B JICC [1-3]. OcHoBy eit nonoxuna GpyHaaMeHTaIbHAsS
pabora [11].

B wactu MomenupoBaHUS YIIPABISAIONIETO KOMIIOHEHTA MPUME-
HEH METOJ CHHTE3a CYNepBU30pa S JUCKPETHO-COOBITHIHOM
CHUCTEMBI, CMOJICTTUPOBAaHHOM ceThio IleTpu, mpenokeHHbIH B pabo-
tax [10, 12]. MeTox ocHOBaH Ha KOHIIEMITAN WHBAPHAHTHI MTO3UIINI
B cetu [leTpu u MpUMEHUM K CUCTeMaM, OrPAaHUYCHUS JUIsl KOTOPBIX
MOTYT OBITh BBIP2)KEHBI JIOTHYECKUMH (HOPMYJIaMH, alreOpanvecKu-
MU YpaBHEHHMSAMH WA HepaBeHCTBaMH. CymnepBH30p COCTOMT W3
MO3ULIUNA, KOTOPBIE COEMHEHBI ¢ mepexonamu cetu lletpu monenu
TakuM 00pa3oM, Y4TO 3TO MPEAOTBPAIACT MEPEX0]] MOJICTH B JIF000E
U3 3aMpeiEHHBIX COCTOSTHUH.

Pounp ynpasnsironiero aneMeHTa (CymnepBU30pa) B MOJCISIX CHUC-
TEM TIPOMBIIUICHHONW aBTOMAaTH3allMd CBOJUTCS K KOOPJHHAIIUU
TUCKPETHBIX JEUCTBUI MEXaHU3MOB. AJITOPUTM MOJOOHBIX B3aHMO-
JEeHCTBUH TIpeacTaBisieT u3 cebds nmporpammy st [IJIK, Hanucannyro
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Ha CTaHJAPTH30BAaHHOM s3bIKe. TpajuIIMOHHO, JIJIsl MPOrPaMMHUPOBa-
uust [UTK ucmons3yroT s3bik peneiiHo-koHTakTHeIX cxem (PKC) [4],
M3BECTHBIM TakKe, KaK sA3bIK JIeCTHUYHOM joruku win Ladder Dia-
gram (LD).

2. Cynepeu3opHasi modesb

Yacto B xauectBe mHCTpyMeHTa aist moaenupoBanus JCC uc-
MOJB3YIOTCS. KOHEYHBIE aBTOMAThI, YTO OOYCJIOBJIEHO BBIOOPOM
JAHHOTO HHCTPYMEHTa B (yHOAMEHTAJIbHBIX HCCIICA0BATEIbCKUX
paboTtax Teopum CynepBuU3OpHOrO ymnpasieHws [2]. OmHako mpu
YBEJIMYEHUH PAa3MEPHOCTH CHUCTEMBI 3TOT MHCTPYMEHT CTaJIKHUBAETCS
C MPO0JIEMO# «B3pbIBA COCTOSHHI», BEI3BAHHOW TEM, UTO KOHCUHBIN
aBTOMAT JOJDKEH OMNMCBHIBATH BCE BO3MOXKHBIE COCTOSIHHS CHCTEMBI.
Hcnonp3oBanne B KadyecTBE WHCTPYMEHTAa MOJEITUPOBAHUS CeTel
[leTpu momoraet pemuTs 3Ty IpodieMy. B Hactosuieii paGoTe uemob-
3yeTcsa PACIIMPCHHAsT KOHUENIUA cereit HeTpI/I, HOZ[pO6HO U CUCTEMHO
n3noxennas Jlx. [Turepconom [5].

OpHMM U3 CTPYKTYpHBIX CBOMCTB cetu IleTpu, T.e. CBOMCTB, KO-
TOPBIE 3aBUCST TOJIBKO OT TOIOJOTMYECKON CTPYKTYyphl cetu Iletpu,
SIBITIOTCS  MHBapuaHThl ceTn. VHBapmanTtoii mo3ummii (Place
Invariant) Ha3eiBaeTcst Habop mo3uumii cetu IleTpu, MapkupoBka B
KOTOPBIX OCTa€rcss Bcerja HEW3MeHHOH. JlaHHOe omnpenerncHue
COOTBETCTBYET YacCTHOMY Ciy4airo coxpassiomei ceru llerpu, B
KOTOpO#l Bec (UILKKM B HO3ULHMM CYIEPBU30pa INPUPABHUBAETCS K
HyJ0. J[71s1 coXpaHeHusI KOHIENTYaIbHOTO €MHCTBA TEPMUHOJIOTHHI
B HacCTOsIeH paboTe Janee HWCIONb3YyeTcs TEPMWUH HHBapHaHTA
MTO3ULIHI.

®opmallbHO, MHBAPUAHTON MO3UIMH HA3BIBAIOT IIEJIOUUCIICH-
ubiit Bektop X = {X}, i =1, ..., n, X; = 0 wiu 1: HeHyJIeBbIC 3HAYCHUS
B DJIEMEHTax BEKTOpa COOTBETCTBYIOT MO3UIMSAM, BXOISIIIMM B
MHBapHAHTY, a HYJIEBBIE — BCEM OCTAJIBHBIM.

Ty _ T
1) X =pX
TIIe 1o — HayaJIbHasl MapKUpOBKa, 4 — JIr00ast HoCeAyomas.
IIpuBenéHHOE ypaBHEHHE O3HAYAET, YTO BO3MOXKHAs B3BEIICH-

Hasg CyMMa METOK B MO3UIMAX MHBapHUAHTBl OCTAETCS MOCTOSHHOM
npu 000K MapKHpOBKE, M 3Ta CyMMa ONpeAessieTCs HavaibHOM
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MapkupoBkoid cetu Ilerpu. MHBapuaHThl TMO3MIMH ONpPEACIICHBI
BCEMH IEIOYHCICHHBIMU BEKTOPAMH, COOTBETCTBYIOIIUMHU CJIEIyTO-
IeMy YpaBHEHHUIO.
2 X'D=0

rae D — marpuna mHIMaerTHOCTH cetr lleTpm pasMepHOCTHIO
N X M, N — 9UCII0 TO3UIINMI, M — YKUCIIO MEPEXOO0B B CETH.

OrpaHI/I‘-ICHI/I}I, TIPEABABIIAEMBIC K CUCTEME MOXHO NPEACTaBUTH B BU-
JI€ CIEAYIOLETO HEPABEHCTBA.

@) m+uy =<l

TJ€ 4i U yj — MapKUpPOBKHM TO3ULMH | ¥ ] COOTBETCTBEHHO. JlaH-
HOE BBIp2)KEHUE O03HAYAET, YTO 00€ MO3UIMK HE MOTYT OBITh MapKu-
POBaHbI OJHOBPEMEHHO.

Hepasencteo (3) MOXeT OBITH MPEBpaIeHO B PABEHCTBO MyTEM
n00aBIICHUS TTOICTAHOBOYHON TIEPEMEHHOM us.

@ s+ +u=1

[MoncranoBouHas iepeMeHHasl B JAHHOM Cllydyae Tpe/ICTaBIsET
HOBYIO TO3HMLHIO Ps, B KOTOPYIO MONAJNAIOT JMIIHUE (HUILKH, TeM
caMmbIM oOecrieurBasi BBHIMIOJIHEHWE PAaBEHCTBA — cyMMa (UIIEK B
HO3ULUAX K U uj OyneT paBHOW 1. DTa mo3uims NPUHAATIEKUT K
CeTH CyNepBU30pa, JOIOHSIIOMEH Mozenb cucteMsl B cetu llerpu.
Takux no3unuii OyneT CTOIBKO Ke, CKOJIBKO OIPaHUYEHHUH MpeIbsiB-
JIEHO CHCTEME, TeM CaMbIM H pa3Mep CyINepBHU30pa MPOMOpIHOHAICH
KOJINYECTBY OIpaHUYCHHH.

T.k. kK cetn JoOaBIeHa HOBasl MO3ULMS, MAaTPUILIA WHIMACHTHO-
ctu D mMonmenu Bceit ynpaBiseMoil cUCTeMBI OyJIeT COCTOSTH W3
MaTpHLbl MOJeIH cucTeMbl Dy pasmMepHOCTBIO N X M, yBeTHMYEHHON
Ha TO KOJMYECTBO CTPOK, CKOJBKO TMOJCTAHOBOYHBIX HEPEMEHHBIX
BBEJICHO B OTPaHUYEHUS. DTU HOBbIE CTPOKH NPUHAUICKAT MATPUIIC
WHIMJEHTHOCTH ceTu cyrnepsuzopa D.. Jlyru, coenuHsomume no3u-
LUIO CYNEPBU30pa C OpUTHMHANBHOW ceTblo Ilerpu cucrembl OymyT
BBIYHCIICHBI C TIOMOIIBIO BbIpakeHus (2). Bee Bipakenus tuna (3)
MOJKHO BBIPAa3HUTh B MATPUYHOU (OpPME CIEAYIOIINM 00pa3oM:

65) L-u,<b

TZIe [y — BEKTOp MapkupoBku cetu Iletpn, monemupyromeit
npouecc; L — maTpuia pasmepHocTH N X N; b — BekTOp pazmepHOCTH
Ne X 1; N, — uncno orpannueHuii tumna (3).
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CxoxuM 00pa3oM BBIPAKEHHUS C TOACTABICHHBIMHU IIEPEMEH-
HbIMH (4) MOTYT OBITH CTPYIIIUPOBAHEI B MATPHYHON (hopMe:

6 L-p,+u =b

T/Ie i — BEKTOP Pa3MepHOCTH N X 1, MpeacTaBIAIOMUi MapKu-
POBKY MO3ULIMKA CYIIEpBU30PA.

WuBapuaHTa MO3UIKH, onpenenéunas B Gpopmyie (4), 1omKHa
cooTBeTcTBOBaTh hopmyre (2). Creayroniee MaTpuYHOEe ypaBHEHHE
mpeacTaBisieT co0ol BBIpaKEHHWE WHBAPHAHTHI MO3WIUN I BCEX
HHBApHaHT, ONpeaAeaéHHbIX hopmyitoii (6).

T D,
7 X'D=[LI]x o |70 LD, +D =0 D, =-LD,
Cc

rae | — emuHUYHAS MaTpHLia pa3MepHOCTH Ne X N, D, — MaTpu-
1a, coaeprkamiasi AyTH, COSIHHSIONINE CYNEePBU30p C MepexoiaMu
cetu lletpu Mogenupyromiei cucreMy.

Takum 00pazom, ¢ 3aJaHHOW MOJENBIO CHCTEMBI B ceTh [leTpu
(Dp) 1 OrpaHNYECHUAMHU, KOTOPBIM CHCTEMA JOJDKHA COOTBETCTBOBATH
(ne, 1 u b), cynepsusop B ceru Ilerpu (D;) Borumcisiercs: Gopmyioit
(.

Heo0xomumo Takke BBIYHUCIUTH HAYaIbHYI0 MapKHUPOBKY CETH
Iletpu cynepBuzopa i, KOTOpas I1OJDKHA OBITH TakoM, 4TOOBI BBI-
nonHsuiack Gpopmyna (6). OtrankuBasich OT BelpaxkeHus (1) ¢popmy-
ja (6) MoxkeT ObITH IpeoOpa3oBaHa CIEAYIOIIMM 00pa3oM IS Ha-
YaIbHOW MapKUPOBKH
() L-papy+ ey =b<= pg =b—L-pu,

[IponeMoHCTpUpyeM NMpUMEHEHHE METO/A CHHTE3a CyNEPBHU30-
pa Ha TpUMepe KEJIe3HOJOPOKHOTO CTPEIIOYHOTO IepeBoja (K.1I.
crpenku). CTpenka, Kak MOKa3aHO Ha puC. 1, UMeeT JBa KOHEYHBIX
MOJIOKEHHUS: HA NIEPBOM M Ha BTOPOM IIyTAX, a TAKXKE JBa IPOMEXY-
TOYHBIX, B KOTOpPbIE IOMAAaeT BO BpEeMs IEPECTAHOBKH MEXIY
nyTssMu. CMeHa COCTOSTHHS TIPOUCXOJIUT IOCIE TIOyYeHHsI COOTBET-
CTByIOLIEH KOMaHIbl u3BHE. [lomMuMoO 3TOro, mepeBoj OCHAIEH
JaTYMKOM, PacIlO3HAIOLUINM HaXO0XIEHHE Ha CTPEJIKE BaroHa.
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5 2 A
8 { = nxﬁ i
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Puc. 1. JK.0. cmpenounwiii nepegoo

3agada ympaBiIeHHs B JAHHOM CIIydac 3aKJII0YaeTCs B TOM, YTO-
OBl IPEJOTBPATHUTH MIEPEKITIOYCHUE CTPEIOYHOTO IepeBOia B MOMEHT
HaxOXJICHUS Ha HEM BaroHa. JIUCKPETHO-COOBITHIHAS MOJCIb
CTpenku B BujE cetu IleTpu npeacTasiena Ha puc. 2.

[IpuBeném onucanue no3uuuii u nepexonoB B cetu lletpu: p; —
CTpeJIKa YKa3bIBaeT Ha MyTh 1, P, — CTpeJiKa MepeBOJUTCS Ha MyTh 2,
Ps — cTpenka yka3sIBaeT Ha MyTh 2, Py — CTpENKa MEPEBOAUTCS HA
myTh 1, Ps— cTpenka cBoOOIHA, Ps— HA CTPEJIKE HAXOAUTCS BaroH, ty
— KOMaH/ia Ha MepeBOJ CTPEIKU Ha MyTh 2, {, — cTpenka nepepeaeHa
Ha ImyTh 2, I3 — KOMaH1a Ha TIEPEeBOJ] CTPENIKU Ha MyTh 1, I, — cTpenka
repeBeicHa Ha MyTh 1, ls — JaTUYUK CUTHAIM3HPYET O HAXOXKICHUU
BAaroHa Ha CTpeJIKe, s — BaroH NOKUHYJ CTPETIKY.

ManHua WHIUJIEHTHOCTHU Dp Jutst naHHoM cetH [letpu:

1.0 0 1 0 0

1 -1 0 0 0 0

0 1 -1 0 0 0
9 D, =

0 0 1 -1 0 0

0 0 0 0 -1 1

0 0 0 0 1 -1
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(p:) ¢
ty t

2

Puc. 2. Jluckpemno-cobvimuiinas mooens cmpenxu

HauansHnas mapkupoBka cetu Ilerpu:

W0) prpo =[ts 1, w5 gy w5 w] =L 0 0 0 1 0O

st ocyliecTBIeHHs MTOCTaBICHHON 3a7ayll YIpaBJieHUs! CTpe-
JIOUYHBIA TIEpPEeBOJ HE JOJDKEH BBIMIOJMHATH IEPEKIIOUEHHE MEX]Y
nyTsMH (HO3MLUHM P; M Psg), KOTAa Ha CTPEJIKE HAXOIUTCA BaroH
(mo3unusi Pg). CornacHo 3aJaHHBIM YCIOBHSM, OrPaHHYCHHS IS
naHHo# cetu IleTpu cocTosT B TOM, YTO TO3HUIHU Py U Py TOCTHKHU-
MBI TOJIEKO IIPH OTCYTCTBUU MapKUPOBKU B TIO3UITUH Pg, T.€. (uIka
MO>KET HAXOIUTBCS TOJIBKO B OJHOM M3 3THUX TPEX MO3ULUI OIHO-
BpEMEHHO. 3a/laliM OTPaHUYEHHUS B BHJE HEPABEHCTBA, KaK MOKa3a-
HO B dopmyne (3): up +us+us<1. B mMarpudaHOM BHIE IaHHOE
HEpaBeHCTBO  OylIeT  BBIVISLIETh  CIEOYIOUIMM  00pa3oM:
L=[010101],b=1. ITocne nobGaBiaeHUs] NOACTAHOBOYHOI Tepe-
MEHHOW OTpaHWYEHHS MPUMYT BUA: Uy + ug + s + 5= 1. Tloactano-
BOYHasl IEPEMEHHAsI s SIBJICTCA MAapPKUPOBKOM MO3UIMHU Ps, IPUHA-
JeXame  ceTm  cymepBu3opa.  Marpuma = MHIMISHTHOCTH
cynepBmu3opa Beraucisercs mo Gopmyne (7). B manHOM mpumepe
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BBEJICHO OJIHO OTPaHWYECHHE, MIOATOMY MaTpHIla COCTOUT W3 OJTHOW
CTPOKH:

1) D,=-LD,=[-11 -1 1 -1 1]

HauanbpHasi MapKUpOBKa TMO3UIIMK CYTIEPBU30PA [lco BHIYUCIISICT-
csa 1o popmyine (8): pieo = 1 — Lo = 1:

13) ==L 0 0 0 1 0 1T

luco

Puc. 3. Cynepsusopnas modenv cmpenxu

CuHTe3npoBaHHBIA CcymnepBu3op B cetu lletpm mpencrasiser
coOOH [IOTIOHUTEIbHBIE TO3UIUH, KOTOPHIX OYIET CTOJNBKO K€,
CKOJIBKO OTpaHMYEHMH IperbsABIEHO Mojenu. s uccinemyemoro
npumepa cetb [leTpu ¢ CMHTE3UpOBaHHBIM CYIIEPBU30POM IIPUBEE-
Ha Ha puc. 3.

3. Memoo npeobpa3osaHusi Mooesiu 8 rnpo2pamMmy
Cers IleTpu ¢ cymepBU30pOM MPEACTABISACT MOJAETL O0BEKTa,

o0ecreynBarOUlyl0 pElIeHne IIOCTaBJICHHOM 3aJauM yIpaBJICHHS.
[IpakTHdeckyro peann3anuio yIpaBieHUs B IPOMBIIUICHHBIX 00BEK-

XI BCEPOCCUMCKAS LUKOJIA-KOH®EPEHIUS MOJIOJIbIX YUEHBIX
“YIIPABJIEHUE BOJIbIIUMU CUCTEMAMU”



1220
tax BemonHaseT [IJIK. HeobOxommMo mpeoOpa3oBaTh HMEIONIYIOCS
MoOJienb B si3bIK NporpammupoBanus st [IJIK, Takoit kak sA3bIK
JIECTHUYHOM JIOTUKU. MeToz npeobpazoBanus cetu Iletpu npuBenéH
Jlajiee B BUJIE MOIIArOBOTO alropuTMa.

Ha nepBoM 3Tamne HyHO yKa3aTh TOUKH COIIPUKOCHOBEHUSI MO-
nemu u [IJIK, ams gero conoctaBuTh €ro BXOABI U BBIXOIBI COOBITH-
M U ycinoBusAM Mozenu. CoctaBieHue TpeOyeT ydacTHs YyeloBeKa, U
BBIIIOJIHSIETCSI Ha 3Tale MOAECIUPOBaHUS cucteMbl. DopMalibHO,
0003HAYHMM COTIOCTABIIEHHE IO CIEAYIOMIeMY IPUHIIHITY:

(14) X(t;).t; € PLC,, y(p,), p, € PLC,

rae PLC,— muoxectBo Bxomubix cur"ainoB Ha I1JIK, PLCgo—
MHO’KECTBO CUTHAJIOB TeJeynpasieHus, nogasaemsix ¢ [TJIK.

JlaHHBIE BBIpaXEHHSI TOBOPAT O TOM, YTO yCIOBHSIM IJIsI Ccpada-
THIBaHUS MEPEXO0JIOB B MOJIENIM COMOCTABIIAOTCS CUTHAJBI, [10JaBae-
mbie Ha [JIK, a mo3unusam — BeIXoIHBIE KOMaHbI, KoTopsie ¢ TIJIK
[OCTYNAaIOT HA WCIOJHUTEIbHbIE MexaHu3Mbl. Jlamee mnpuBenéH
TIOIIATOBEI  alNrOpuTM MpeoOpa3oBaHuss Mojenu cetu lletpu ¢
COINOCTABJICHHBIMU TO3ULUAMHU U MEPEXOJAaMU B A3bIK JIECTHUYHOU
JIOTHKH.

Iar 1. ConocraBienne
(15) vt,t el(p,), p, € PLC,

[Iepexon t; yuuThiBaeTcsi B mporpaMMe Ha SI3bIKE JIECTHUYHOM
JIOTUKU B BHUJIE€ CTYNEHBKHU, €CJIM OJHA U3 BBIXOJHBIX MO3UIUN I
Hero Py ormeueHa kak Beixox IUJIK. Jlamee, mis Kakmoul Takoit
MO3ULMHU COCTABIIAETCS OTAENIbHAS CTYIIEHbBKA.

Iar 2. JIornueckue ycJIOBUs
6 x(t)=x(t)A /\Ijzlx(tv)!tv el(p;).t; €O(p;)

s nepexona t; hopmymnupyetcs norudeckoe ycnosue y(t;), He-
0o0XouMoe IS ToJa4i KOMaHJABI yripaieHus B Py. Jlormueckoe
ycioBue HOPMYJIUPYETCS 10 HPUHIUIY KOHBIOHKIIMK YCIIOBHH BCEX
BXOJIHBIX TIEPEXOJIOB JIJIA KaXKJO0W M3 MO3UIMH Pj, OT KOTOPOH UIET
Jyra K mepexoay i, BKIoJas U yCJIoBHs Ui caMoro nepexoja ti. | —
KOJIMYECTBO BCEX BXOJHBIX AYT B t;.
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Ilar 3. MckiroyeHue JIMIHUX YCIOBUI
@) x(t;).t; €O(py)
%K1 ){(ti) HMCKIIIOYAIOTCA YCIIOBUSA, IPUHAICKAIIUE IIEpEeXoaM, K
KOTOPBIM UOYT OYTH U3 P.

IlIar 4. ITIpeoGpa3oBaHKe JOTHYECKOr0 YCIOBUS

Uwcrno cTyneHek B mporpaMMe OyaeT paBHO YHCITY IO3UIUH P,
conoctaBlieHHbIX BbixojgaM IIJIK. [Ins kakmoi TakoW MO3UIIUU
COCTaBJISeTCA OTAENbHAs CTYIEHbKa, YCIOBHUS CpabaThIBAHUS KOTO-
poit 3amansl B x(t;), ti € I(py). Cxema comocTaBieHus NPUBEICHA B
Tabune 1.

Tabnuya 1. Conocmasnenue yciosuii siemMeHmam s3vika 1eCmHut-
HOU 102UKU

DIEMEHT JIOTHYECKOTO
YCIIOBUS

DIEMEHT S3bIKA JICCTHUYHOMN JIOTUKH

X(t) —+

X(t;) —V

y(Po) —()

®opManbHO, cpabaTbiBaHKHE JOTHYECKOTO YCIOBHS MOXHO OIpere-
mute kak y(t) =>Yy(py), To ects pesynbrar Bhrumcienus yciosus x(t;)
3aIUCBIBAETCA B CONOCTaBIEHHBbIN Py BbIxo ILJIK.

IMokaxkem mpuMeHeHHe MeToja npeodpa3oBanus cetu [letpu B
SI3BIK JICCTHUYHOW JIOTMKU Ha paHee pPaCCMOTPEHHOM IpPUMEPE XK.II.
CTPCIIOYHOI'O IIEpeBOAA.

Llar 1. ConocraBiieHue

Comnocrasienue Bxo0B U BeixoA0B I1JIK monenu oObekTa B ce-
tn [letpu mpuBeneHo B tabmumax 2-3. OTIAENbHO OCTAaHOBUMCS Ha
NPUHIUIIE COINOCTABICHUS YCIOBUM Ay mepexonoB ts u tg. OTH
MePEX0Jbl COOTBETCTBYIOT COOBITHSM, TCHEPHUPYEMBIM TaTINKOM
HaX0XJEHUsA BaroHa Ha CTpeJIOYHOM mnepeBoie. J[aHHBIM AaTUMK
paboTaeT Mo CXeMe «CyXOW KOHTAaKT», YTO MPEJIoJiaraeT y Hero JABa
COCTOSIHMSI: 3aMKHYT U Pa30MKHYT. B crity 3TOro 0JTHO M3 COOBITHIA,
TEHEPHUPYEMBIX JTaHHBIM YCTPONUCTBOM, OyIeT HMHBEPCHBIM.
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Tabauya 2. Conocmasnenue 6x0008 IL/IK cobvimusim

() t; Onucanue

11.1 th Komanpma Ha mepeBo/1 CTpenku Ha My Th 2
11.2 t, Crpenka nepeBeicHa Ha IMyTh 2

11.3 ts Komanna Ha nepeBos CTpeKH Ha My Th |
114 t, Crpenka nepeBeieHa Ha MyTh 1

11.5 ts Baron HaxomuTcs Ha cTpenke

1.5 ts Baron Ha cTpeike He HaXOOUTCs

Tabnuya 3. Conocmasnenue 8v1x0008 I1JIK cocmoanusm 0ns npume-
paclly

y(pk) Px Ormmcanne
02.1 p, | Ilogaya koMaH/1pl HAa IEPEBOJI CTPEJIKH HA MYTh |
02.2 Ps | Ilogava komMaH/Ibl HAa IEPEBOJI CTPEIKH HA MyTh 2

Iar 2. Jlornueckue yciIoBUs
Hdnst mpuMepa k.. CTPEJIKH YCIOBHS OyAyT CIeoyIOIIUMH:

2(t1) = x(t) A x(t2) A x(ta) A x(te) m y(ts) = x(ts) A x(t2) A x(ta) A x(te).

[ar 3. MckiroueHHe JIWITHAX YCIOBHA

W3 normueckoro ycmoBus y(t) Oymer uckimoduén smemMent y(t,).
U3 x(t3) Oyner uckmouén y(t;). B okoHUaTEILHOM BHJIE JIOTHUECKHE
YCJIOBHSI TIPUMYT BH/I:

(18) x2() =x(t) Ax(,) AX(t) =11.1A11.4A 115

() =X({t,) AX({) AX(E)=11.2A11.3A115

Ilar 4. IIpeoOpa3oBaHue JOTMYECKOTO YCIOBUS
VYcnoBusi Ha s3bIKE JICCTHUYHOW JIOTUKHM NPUMYT BUJ, KaK MO-
Ka3aHo Ha puc. 4.
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1.1 115 114
} } M } } (012) Mepesod Ha nyms 2
1.2 115 11.3
} } M } } (011) Mepesod Ha nyms 1

Puc. 4. Anzopumm nepexmouenus cmpenxu Ha s3viKe JeCHMHUYHOU
Jl02uKU

4. Memod nodcmaHoO80K

MoenupoBaHue CIIOKHBIX 00BEKTOB MOXHO CYIIIECTBEHHO YII-
POCTHUTH, €CIH BBIMOJTHUTH MOJCIUPOBAHUE COCTABHBIX KOMIIOHEHT
3THX O0BEKTOB (MOIYIBHBIN MOAXOMN), a jaajee OObeANMHUTH UX. T.e.
4acTH U3 OOIIETr0 MHOXKECTBA COOBITUN U YCIIOBHUIl B CHCTEME CTPYK-
TYPHO BBIJICIUTH B OTNEIbHBIC YCTPONCTBA M OIMHUCATh YaCTHBIMHU
Mozensmu. [IpencTtaBuB KaKAyro W3 TaKMX YaCTHBIX MOJIENel Kak
«UE€PHBIN SIIUK», MOXKHO BBIJICIHUTH JUIA HEe€ BXOIHBIE M BBHIXOHBIC
CHUTHAJbI, SBJISIONIMECS COOTBETCTBEHHO BBIXOJAMHU M BXOJAaMU JJIS
IPYTUX MOAENEH: X «— y, X € My, y € M,.

MeTo/ TOICTAHOBOK OMHUCHIBAET (hOPMY TOTO, KaK IENOYKH JI0-
THYECKHUX YCIIOBHM, HEOOXOAUMBIX 151 (POPMHUPOBAHUS BBIXOHOTO
BO3JICUCTBHS B ToJcTaHOBOUHOW Momenmu (M;), mOACTaBISIOTCS B
JIOTUYECKHE YCIOBUs mojcTaBisseMoit mogenu (M;). B Tom ciyudae,
€CJIM HECKOJBKO MOJEJICH OINPEACNIIOT YCJIOBHE, BO3MOXKHBI JIBE
(hopMBI UX B3aUMOJACHCTBHS, ONTMCAHHBIC HIDKE.

Dopma kouxkypupyiowux moodenet. JIns BOSHUKHOBEHUS COOBITHS B
HOHCTaHOBOqHOﬁ CHCTEMEC JOCTATOYHO TOTIO, lITO6I:J OaHa U3 IIOACTaBJIsIC-
MBIX Moaenei& nepenia B COOTBCTCTBY}OH.[GC BBIXOIHOE€ COCTOSHHUEC. B
9TOM ciy4ae, ¢opMa B3aUMOAEHCTBUS olpeaensercs 1o ¢dopmyle:
X< x1V y2, X € My, € My, y € M3, Tne M; — moacTaHoBo9YHasT MO-
nenb, M;, M3 — moncraBnsiembie Monenu. B mporpamMMe Ha s3BIKE
JIECTHUYHOM JIOTUKM KOHKYPHUPYIOLIUE MOJCIU TPEACTABISIIOTCS
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OTJIENbHBIMH CTYIIEHbKaMH, COEIWHSIONINMHCS C OCHOBHOW CTYy-
MIEHBKOM B MECTaX MOJCTAHOBKH, KAK IIOKa3aHO HAa PUCYHKE 5.

— X1 x (y)

— X2

Puc. 5. @opmuposanue npocpammul 0158 KOHKYpUpyrOuwux mooeneti

@opma cosmecmuvix moodeneil. J{ins BOSHUKHOBEHUS COOBITHS B TIOJ-
CTAHOBOYHOH cHCTeMe HEe0OXO0IMMO, uTOOBI BCE MOJACTABISEMbIE MOICIH
MEpPeIUTd B COOTBETCTBYIOIIEE BBIXOJHOE COCTOsHHE. B 3ToM ciyuae,
¢dbopma B3aHUMOICHCTBHS ompenensIeTcs 1o dbopmye:
X<—yy1 Ny, X€ My, EMy, y €EM;3. B  mporpamme CcOBMeCTHBIE
MOJICTTH OOBEAMHSIOTCS B OCHOBHOM CTYIIEHbKE (puc. 6).

X1 — X2 X (v)

Puc. 6. @opmuposanue npocpammul 051 cCOBMeCmMHbIX MOOeaell

B xavecTBe mpumepa HCCIEAyeM MOIHBIA AITOPUTM MEPEKIFOYEHHS
CTPEJIOYHOTO TIEPEBO/IA, MCCIIENOBaHHbIN B padore [6]. AnroputM mpen-
CTaBJIAET U3 CeOs TOCIIe0BATEIHHOCTh MPOBEPOK HA BO3MOXKHOCTH
BBIMIOJIHEHUST TiepeBojia cTpenku. CTpeaoyHbIM NEepeBOJ HENb3s
MIEPEKITI0YaTh, €CIIM yCTaHOBIIEHA aBapHifHasl OJIOKMPOBKA B CHCTEME
WU €CIM Ha CTPEJIOYHOM IepeBojae HaxoauTcs BaroH. [lomaua
KOMaH/Ipl TEPEeKIIIOUeHUs] BO3MOXKHA JHOO C IyJIbTa YIpPaBICHUS
ctpenkoit (ITY), mubo ¢ BcTpoeHHOro OJI0Ka yNpaBIeHHS CTPEIKOM
(bY), npuuém maHHBIE TMYJBTHI MOTYT OBITH 3a0JIOKHPOBAHBI, YTO
MIPOBEPSIETCS] COOTBETCTBYIOIINM YCIOBUEM.

[TokaxkeM, Kak MOXKHO HCIOJB30BaTh MOIYJIBHBIH MOAXOA C
noAcTaHoBkamu B ceTsax [lerpu. BeinenuM oTnenbHBIA KOMIIOHEHT
QITOpPUTMa, OCYIIECTBISAIOMINA HEMOCPEACTBEHHOE YIIPABICHHE
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CTpEJIKOW, OH TPeCTaBlieH Ha puc. 7. JaHHBI KOMITOHEHT yKe OBbLIT
CMOJICIIUPOBAH paHee, pe3ynbTaT MPUMEHEHUs Ui HEro MeToa
MOACTAaHOBOK IMOKa3aH Ha puc. 4. BxogoMm maHHOHN yacTHOW Moaenu
SIBJISIETCSI KOMaH/Ia Ha MIEPEBOJ] CTPEIIKU OT OIEepaTopa, a BHIXOJIOM —
BBIJIa4a YIPABIISIFOIIECTO BO3ACHCTBUS HA CTPEIOYHBIN IEPEBO.
CrnenytomuMn 9aCTHBIMH MOJENSIMH OymyT OJOK Tojadd Ko-
MaH/Ibl C MyJIbTA YIPABJICHHS, U CXOKUH OJIOK 1mojauu KoMaH[ ¢ bY
CTpeJIKU. B cuily UX OAMHAKOBOCTH PACCMOTPUM JIMIIb OAUH U3 HUX
— Onok momauyn komaHabl ¢ [1Y. JlaHHBIHA parMeHT TOPOKAAET JABA
COOBITHS: KOMaH/Ia C IMyJIbTa yIpaBlIeHU 0JIaHa WM HE mogaHa. B
TOM ClIy4ae, €CJIM KOMaHJa IMOjaHa, HYXXHO YOCIUThCS, YTO €CTh
pa3pelieHue Ha 3Ty KOMaHAY, U TOJBKO IOCIE 3TOT0 NEPEXOAUTh K
¢daze ymparienus. B cuiy Toro, 4ro coObITHS, BEAyIIUE K TEPMHU-
HaJIbHOMY MOJIOKEHUI0 «KOoHeI» (GakTHYeCKH HUKaKUX JNEUCTBUH He
BEITIONTHSIOT, PACCMAaTPHBAEM TOJIBKO COOBITHSI YCTICITHOW TTPOBEPKH.

N

Ha Becax
HaxoAuTcA
BaroH

KoHney,

TeneynpasneHune
cTpenkon

Puc. 7. @pacmenm ancopumma nepexnovenus cmpenxu, 610K
VIpasienus CmpenKou

O06e 6J10Ka yIIpaBJICHHSI UIMEIOT T10 ABE KHOIKH: OJIHY JIJIS TIepe-
BOJIa Ha MIEPBBIH MyTh U IPYTYIO I TIepeBoa Ha BTOpoil. CynepBu-
30pHAsE MOJISJIb JIJISl aJrOpUTMa 10 HaXKaTHIO KHOIOK B ceTax [letpu
IUTA JaHHOTO OJIOKa T0Ka3aHa Ha puc. 8, rue Pai/P.; — kHomKa Ha ITY
JUTS TIEPEeBOIa Ha TTYTh | HAXOAUTCS B HAKATOM/OTKATOM COCTOSHHH;
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P23/P2s — CTPEJIKY TEPEBOMUTH pPa3pEIICHO/3aMPenieHo; Pas/Prs —
kHonka Ha [IY pns mepeBoga Ha myTh 2 HAXOAWTCA B Haxa-
TOM/OTKATOM COCTOSIHUM; tx1/tr» — HaxkaThe/oTkaTHe KHONKHU Ha ITY
JUIA TiepeBofa Ha myTh 1; txf/tyy — paspernenue/3anper Ha mepeBO
CTpenku; tys/tys — HakaTHe/oT)KaTHE KHONKK Ha ITY 11t mepeBoaa Ha
MyTh 2.

[IpumeHUB METO CHHTE3a CYNEpPBHU30pa U COIMOCTABIEHUE KO BCEMY
anroput™my, nonydnm ceth Iletpu, npuBenéHHyro Ha puc. 8. DopMyibl
COIIOCTAaBJIICHHBIX yCJ'IOBI/Iﬁ U JIOTUYCCKHUE YCJIIOBUA IIOCJIC MNPHUMCHCHUA
MeToja nmpeobpa3oBaHus ¥ MeToJa MoAcTaHoBOK mpumytT Bua (19). Ipo-
TrpaMMa Ha SA3bIKE JIECTHUYHOM JIOTUKH JJIA alIropuT™Ma KEJIC3HOAOPOKHOTO
CTPCIIOYHOI'0 mepeBoAa, IMOJYUCHHasd B PE3YyJIbTATC IMPUMCEHCHUA IMPCAIO0-
YKEHHOI MEeTOMKH, puBeeHa Ha puc. 10.

Puc. 8. Cynepsusopras mooenv 61oxka nodayu komarndvt om 11y
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Puc. 9. Cemw I[lempu c ynpagnenuem 015 aneopumma CmpeioyHo2o
nepegooa

(19) X(t,,) = x(t,)) v x(ts)): X(t,) € My, x(ty,) e My, x(t5,) e M,
X(tz) = x(tys) v 2 (tss) ; X(ts) € My, x(ts) € My, x(ts;) € M,

xt)=((121A1 122A12.3)v (13.1A132A133))A1LAAIL5
2(t) =((12.3A122A12.2) v (13.3A13.2A13.D)) A I11.3A11.5
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Puc. 10. IIpoepamma 0ns areopumma cmpenoyHozo nepesood
5. 3aknoyeHue

B paboTe moapoOHO M37I0KEH XOPOLIO aJrOPUTMU3HPOBAHHBINA METO,
KOTOPBIH BKJIIOYAaeT (JOPMUPOBAHKE JOTUKH YIPABICHHUS TEXHOJIOTHUECKAM
00BEKTOM U cHHTE3 IporpamMmHoro obecrieuenus mist [1JIK. Merox mpeny-
CMaTpHBaeT yJacTHE YeJIOBEKA Ha 3Tale MOJECIHPOBAHMS U COIIOCTABICHUS
mozenelt Bxonam u Beixonam I1JIK, Tem He MeHee, OH MO3BOJISIET aBTOMATH-
3MpOBaTh OCHOBHBIE JICHCTBHUS pa3paboOTUMKa IO MPOEKTUPOBAHUIO alro-
pUTMa ¥ TPOrPaMMHUPOBAHMIO, YTO CHIDKAET BEPOSITHOCTh YEIOBEYECKOH
omnOku.  Vcmonb3ysl MOAXOA AUCKPETHO-COOBITHHHOTO MOJEIMPOBAHMS
MOYKHO ITPUMEHUTH OOTaTHIil HA0Op METONOB aHAM3a aJrOPUTMa U CBOMCTB
o0beKTa ynpaBJieHuUs], YTO JeJaeT JaHHBIN MOJX0Jl OY€Hb TMOKHM C TOYKH
3peHust MOJU(HUKAIIMN ¥ TIOMCKA OLINOOK.

Merto/ MOJCTaHOBOK, M3JIOKEHHBIN BO BTOPOH 4acTH pabOTHI, MO3BO-
JeT NPUMEHUTh NpUHLIMINBI cuHTe3a mporpammsel [IJIK. JIas crnoxHBIX
MojieNneH, Takke BO3MOXKHO MPUMEHUTh 3TU INPUHIMIBL, MyTEM UX JEKOM-
MO3MIMU HA MHOECTBO NPOCTBIX U CHUHTE3a MPOTrpPaMMBI A KaXAOH U3
HUX B oraenbHocTH. ITokazaHO Kak mocie 3Toro (GopmMasbHO TOCTPOMTH
00111y10 MOZIEIb 00BEKTa U MPOrPaMMy YIPaBICHHUS.
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PLC ALGORYTHMS SYNTHESIS BASED ON THE
SUPERVISORY CONTROL THEORY
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Cand. of Science (khadeev@gmail.com).
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Abstract: Progress in enchacement of PLC programming concen-
trated in the field of programming technics and language notations
development, though less attention given to control synthesis meth-
ods. In this work authors propose the method to synthesize PLC
programming control algorithms. The method allows to develop the
control program to PLC in automatic mode when a control aim is
changed. The method based on the Supervisory Control Theory
which allows to build a new model of control object with behavior
constraints included, and this new model grant only required behav-
ior. Then the model transforms into the algorithm for PLC. As an
modeling instrument Petri Nets are used, PLC programs are synthe-
sized in Ladder Diagram language.

Keywords: PLC, Ladder Diagrams, Supervisory Control Theory,
Discrete Event Systems, Petri Nets.
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