| www,asucontrol.ru

| MATEMATUYECKOE OBECIEYEHUE

N.B. IETPOB (Komnanus “ITpoaor”),
P. BATHEP (Komnanust
“3S-Smart Software Solutions GmbH”)

Orinagka npuxnaaueix IVIK
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Komnviomepnas Rpozpasma setnoanaen mo,
. Y10 6ol ell HpUKasami 0eiams,
a He mo, umobel 66l xomenu, ymobsl ona oeliana.

Tpenit 3akon I'puja

Bel MOITIH NPEATIONOXHTE, ¥TO Takoif srmrpad BeIOpanH
apTopaMH CreUHaTbHO JUA anpelbCKoro HoMepa KypHalla,
Oro npasna. Tem He mMenee, OH abCOMOTHO TOYHO BBIPAXKACT
CTEPKHEBYIO MBICITH JAHHOTO LUKJIA CTaTeil.

B npeapimyuieii yacTH MB! OCTAHOBM/IHCEL Ha oOeianiu
MNOJTYHNTh CTATHCTHKY MOMyNsApHoCTH si3bikoB MOK 61131-3
fia OCHOBE H3y4YeHHA AaHHBIX Cy:ObI TEXHH4ECKOi noa-
sepkkn 3S-Smart Software Solutions GmbH. Cretuan-
CTEl 38 NpegoCTaBHIIH HIDKECIIENYIONIHE JaHHBIE M KpaT-

KHe KOMMEHTapHH

K HUM (pHc. 1).

IL perynspho
HCIOJNIB3YIOT MeHee
10 % nosnbzoBate-
nel. I'nasiniM 06-
pazoM, 3910 ObIB-
IITHE TIONL3OBATENTH
Siemens S5/57. Ho
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IL ST FBD LD SFC

Puc. 1. Homnsprocmb sszbikoe MIK y
nonpzosamenet CoDeSys

m3-32  JIOCTATOYHO
Oonplioro  4Hcna
OTINYHH B  TpPH-
BLIYHEIX JUIA HHX KOHCTPYKLHSX BCE OHH CO BpEMEHEM
OCBAWBAIOT JIPYTHE A3BIKH.

ST perynapno ucnonesyioT jo 70 % nonp3oBatesiei, #
HX YHCIO TOCTOAHHO pacter. Kak npasmiio, 910 MIOMH,
umerowe Beicinee obpasosanne. B ST mumuytea nanbo-
nee cyoxueie npoekThl Ha [IJIK, BKIoYaronue 3neMenTh
TEXHHYECKOro 3peHns, OHoMeTpuio M T.h. Psan Baxueii-
LIRX COCTAaBHBIX yacTtei camoro kommnekca CoDeSys Ha-
nucan Ha Asbike ST (cranpaprheie oubnuoreku, 6ubnno-
teku CANopen u SoftMotion, Moayne neneBo BH3yami-
3AIHH).

FBD u CFC perynsipvo nprmensitor okono 30 %
nonwsoBarcneil. FBD — 310 caMblii nonynapHelil a3k y
HAYHHAIOIHX ~ NporpaMmucToB. Bce  monb3oBartenu
CoDeSys znator FBD 1 Henone3yioT €ro ¢ pasHoi HETCH-
cuprocteio. CFC, no cytn, otnuyaercs ot FBD Tonbko
penaktopom. OH HIHPOKO NMPHMEHAETCA JUIA TPOTPAMMH-
POBaHHs PEFYNIATOPOB HCMPEPBIBHOIO ACHCTBHS,

LD perynsipuo senonesyior He menec 10 % nonesosa-
Teneit CoDeSys. On sipnserca crapeiiumm aspikoM [TIK.
B Garaxe Kaxa0TO ONBITHOIO CREUHAIHCTA TNPHCYTCTBY-
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10T H3ALIHEIE NpHeMBl Ha A3pike LD. OH akTHBHO npHMe-
HAETCA BCEMH MNOJb3OBATENAMH, ocobeHHO B 3aflavax Jio-
riveckoro ynpaesnenus. Hanbonee nonynspen sspk LD B
CIIIA n Bennkobpuranum.

SFC npumensior okono 30 % nonwzosareneii. Jlna-
rpamMel SFC ABnsIOTCA CaMBIM BBIPA3HTENBHEIM Ipadi-
yeckuM cpefictBoM. Ho 1x 3ddiexTHBHOE HCMONB30BaHHE
TpebyeT cneuuansHoii nojirotoBky. Ee nMetoT naneko ne
Bce Haii nonssoearesu. SFC-ucnonuurens tpebyer on-
peNeNeHHBIX PECYPCOB NpoLeccopa, YTO HECKONILKO Orpa-
HHUMBAET €ro NMPHUMEHEHHC B CAMBIX MACCOBEIX H Ji€llie-
BBIX KOHTpomcpax. Haule Becero SFC HCNonb3yloT coBMe-
crHo ¢ ST.

Kak BBl HaBepHAKA 3aMCTHIH, cyMmMa cocTasrteT 150 %.
Hz atoro cnenyer, uto ot 12,5 no 50 % nonszosatenefi
IIOCTOAHHO HCTIONB3YIOT B CBOMX MpoekTax asa u Conee
a3pikoB MOK 61131-3.

IMoxanyiicta, He genaiite oGobueHNIT 12 OCHOBE THX
naHupiX. OHH OTHOCATCA TONBLKO K MONB30OBaTENAM, 00pa-
uapmriMesa B 3S ¢ Bonpocami. Ilo npuunbe Toro, uto
a3plk LD monynsipcH cpeiid ONBITHBIX CRCIHATHCTOR, Ma-
50 oOpallaloIuXcs 33 KOHCYNBTAllHAMH, €ro PeHTHHT,
BEPOSITHO, CYIIECTBEHHO 3aHMIKEH.

Szpikn MOK MOoXHO TONBITaTLCS OTCOPTHPOBATE 10
BBIPA3HTENLHOH MOUHOCTH H MPHMEHHMOCTH Ha OCHOBHBIX
sranax npoekTiposanua. CooTBeTCTBYrOIas Hepapxuue-
cKast Jarpamma (puc. 2) Opima npuseneHa B kuure [1]. 3a
cUET CNELMATLHBIX paciiHpeBHii craHgapra MOK B
CoDeSys o6nacts npumennmoctit ST u FBD okassisaetcs
HCCKOJIBKO I1IHpe,

YpoBeHb
BBICOKHMI _l
SFC
ST
FEBD IL
s
Dasbl
aHani3 MpOEKTHpOBaHIE KOAMpPOBaKHE

Puc. 2. Hepapxua szpikos MOK

,[[anerco HC BCC TNONB30OBATCNH HMCKT BO3MOMHOCTB
cBo6oyiHo BLIGHPaTh A3BIK nporpamMmupoBania IUJIK. B
KPYIHBIX KOMIMAHHAX CYLIECTBYIOT CrELHaNbHBIE TpPaBi-
114, OrOBAPHBAIONIHC A3BIK MPOIPAMMHPOBAHUA, CHOCOOL!
cOo3/lanus MIeHTHOHKATOPOR W JIOKYMEHTHPOBAaHUS 1po-
exkToB. Hanpumep, Bce MaurnHel KpynHeHiero nonb3osa-
tens CoDeSys kommanun Robert Bosch GmbH 3anpo-
rpammupoeansl Ha SFC u ST, Komnanus Tpatut Gonbline
cpeficTBa Ha 00y4YeHHC CBOMX COTPYAHHKOB. OrpanuueH e
¢Bo0071b1 BLIGOPA A3LIKOB CHHIKAET 9TH pacxopnl. JKecTkue
npaBwia oGecncyHBAIOT MOHHMAHHE TEKCTOB NpOrpaMm
PasHBIMH JIIOABMH. 9T0 OCOOEHHO BaXHO JUIsl TEXHHUE-
CKOro mecpcoHana, oO0A3aHHOrO ONEPATHBHO BHOCHTH
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M3MEHECHHA B “crapble” mporpaMMel. PefakTopbl W HHCT-
PYMEHTEl NPOrpaMMHUPOBAHHA JUTA PA3HBIX A3LIKOB MOTYT
HUMeTb cOOCTBeHHBIe ToHKOCTH. [locTosiHHOE HemonbioBa-
HHe TONBKO ABYX f3BIKOB TOBBIIIAET HAAEKHOCTL TPO-
rpaMm.

Ipueepxenuer IL Mano. Tem He MeHee, HCKITIOYHTE
ero n3 CoDeSys Henbss. Cymectsyer Gosbliioe 4HCIO
KOHTPOJIJIEPOR, ANS NPOrpaMMHPOBaHHA KOTODHIX NpH-
MEHSAIOTCH COOCTBEHHBIE (PHPMEHHBIE CHCTEMBbI. S3BIK
IL B HHUX OYEHb PACNPOCTPAHEH, 4 B HEKOTOPHIX Jiaxe
cepraduipposan. Takum obpaszom, IL mozsonseT none-
30BaTENAM TAKMX KOHTPOJJIEPOB NMEPeHecTH CBOM TIa-
TeNbHO paspaboTaBHBIE W TPOBEPEHHBIE BpEMEHEM
npoexthl B CoDeSys Ge3 nepepabotku. Jlna nporpamm
S5/87 B CoDeSys BrntoueH cnenHanbHBIH KOHBEpTED.

Eme onna pejikass, vo Baxnas pone IL coctout B
cnepymoieM: A3bK IL Hanbonee npospaiHo TpaHCAHPY-
ercst B accembnep 1enesoro npoueccopa. On ontuma-
JieH [ HH3KOYPOBHEBOTO KoAWpoBaHMA (pHC. 2).
ONBITHBIM MPOrPaMMHUCTAM 3TO MO3BONAET NMucath Obl-
CTPEIC N NCPCHOCHMEBIC “acceMOnepnbie BCTABKH HENoO-
cpencreento B CoDeSys. Jlns nekoropuix tHnos ITJIK
B CoDeSys paspeweno nucate o0paboTuHKH anmapar-
HBIX NpepblBaHmit. PaspenmTs unm 3anpeTuTs nonb3o-
BatenAM TAKYH) BO3MOMKHOCTH pellaeT H3rOTOBHTENb
KOHTpoJlepa. IJTO XC OTHOCHTCS H K BO3MOMHOCTH
BKJIIOYEHHS B TPOEKT BHCINHHMX OMONMMOTEK, Harnucan-
Helx Ha C unu accembinepe.

Pewenne 5

B npepbijyiiedf 4acTH CTaTbH MBI PACcCMOTPCIH He-
CKONBLKO crnocoOoB perienns npocteiiicH sazaun. Kax-
J0€ perieHHe CITYXKI0 WULOCTPaLHei 0fiHOI U3 METOANK
nporpaMMipoBanns.  Yto0Bl  CKOHIEHTPHpOBATH  BamIe
BHHMaHHE HMEHHO Ha 3TOM, @ He Ha JICTAyI#X 3aJlauH, oHa
Opia HamMepeHHO BHIOpaHa NpUMHTHBHO npoctoil. CyThb
€€ COCTOHT B CO3JaHHH aBTOMATa, IOINEPEMEHHO BKIIIO-
YAIOLIETO H BBIKIIOYAIOIIETO CBET MO HAKATHIO HECKOIb-
KHX KHOTIOK.

Texnonorus

O7HUM U3 IIHPOKO H3BECTHHIX METOJOB NpOrpaMm-
HOH peamH3alHi aBTOMATOB SBNAETCA METOH, MCMOJb-
3YIOLMIT BHYTPEHHEEe MHOrO3HauHoe Kogupopanue [2].
CyThb COCTOHT B 3aJiaHMM COCTOSHHS aBTOMATA 3Hauye-
HHEM eJMHCTBEHHOH IenoudcienHoii TiepeMeBHoH
(State). B namiedi sanaue Bcero nsa coctosiuns. B nep-
BOM COCTOSIHHH CBCT BLIKJIIOMEH, HazoBeM ero State 1.
Bo BropoM coctosnuu (State_2) cser skntouex. Haxo-
asich B moOOM H3 COCTOAHMI, aBTOMAT JIOJBKEH BBINOJN-
HATH KaKk MHHHMYM 2 oueBHIHBIX jeicTBuA. IlepBoe
AeiicTBHe aHANH3UPYET YCIOBHA NMEPeXoJ0B H H3MEHS-
€T COOTBETCTBYIOWHM 00paszoM mnepementyto State. B
pesynbrare, yxe B crneayiouieM pabouem LHKIE ak-
THBHLIM MOET CTath Jpyroe coctosnue. B nHamem
cryyae Mepexoj M3 OJIHOTO COCTOSHHUS B JIpyroe Joj-
KEH MPOHCXOJIHTE Mo mnepejHeMy ¢pouty nioboro

BXOJla, CBAZAHHOIO C KHOMKamu ynpaeienus. Bropoe
JAeiicTeie (LIAropoe) BHEIMONHAET MonesHyw paborty,
COOTBETCTBYIOLIYIO COCTOfIHMIO. B Hallem cnyudae oHo
JIOIKHO TOJUIEPXKUBATE COOTBETCTBYIOMEE 3HAYEHHE
Ha BBEIXOJIE.

B CoDeSys ecTh 3aMeuaTeNIbHOE CBOHCTBO, pacilil-
pmowee crangapt MIK, — BosmosxHoCTE A00ABNATEL B
(QYHKIHOHANBHEI ONOK neiicTBHA. 3TO BIOXEHHBIE
T10/iINPOrpamMMbl, UMEIOIIHE JIOCTYN KO BCEM MEPEMEH-
HeIM QyHKLHOHANBEHOTO OJIOKa, BKIIOYas BHYTPEHHHE.
Bes Hux nam npuunock Obl Bech KOJi MHCATbh B TENe
(yukmonansHoro Onoka. B GonbLinx nporpaMmax 31o
npHeseno 6bl K TEKCTY, NPOCMATPHBas KOTOPbIil 10 KOH-
1a, yxc 3abeBaems, uro Opul0 B Hauane, MO0 HYXKHO
OboO “OTKpBITH” BHYTPEHHHE TEepeMEeHHBIE JUIS NOCTY-
na W3BHe M NPOrPaMMHPOBATH JCHCTBUS OOBIYHBIMH
POU. [leicTBHA NO3BONAIOT “COpATATE” JETANH peajH-
3auuu BHYTpH (yHKIHOHaneHoro Onoka. B ssmikax
00BEKTHO-OPHEHTHPOBAHHOTO MPOTPaMMHPOBAHUA
(OOIT) 310 HazwmiBaeTca “HWHKancynsaiumei”. B opranu-
satope o6vexToB CoDeSys nefcTBHs MOKa3aHLl B BHUAE
pPacKpHIBalOLerocs crnucka noJi GpyHKLHOHATBHEIM O110-
koM (puc. 3). JleHcTBHA MOXKHO BHI3BIBATH KAaK CHapy-
¥HW, TAK W M3HYTPH (pyHKUMOoHanbHoro Gnoka. Ecmm y
Bac BO3HHWKaeT HeoOxoaumocrte B POU, nepaspniBHO
CBA3AHHBIX C (YHKIHOHANBHBIM OJOKOM, TO HCIHOJb-
3yiiTe eiicTBUA.

& ColleSys - Enssgie 1 pes
[ £ bost

(1[TRIG_T[CLE = Switchl |
A0 TRIG_ZJCLE, = Switchz).
"

Siate : STATES;
TRAG_1, TRIG_E: B_TRIG;

THIG_1.0 OF TAIG_2.0 THEN
Stof 1= Staie_1:
D IF

Puc. 3. Pewenue 5

B tenc QynkimonanbHoro Gnoka Mbel OyaeM nMcarb
TOJNLKO TEKCT, PEArTn3yIolini “rofslii” celekTop cocros-
HHH, BEKIIOYAIOMHH BBI3OBBI INATOBERIX JEHCTBHH H NeHcT-
BHit nepexoyioB. Bee jietanm npsueM B COOTBETCTBYIOLINHE
neifcreua. larosele neiictsua OyneM HasemBarb Sn_A
(action), geitcTBHA nepexojio — Sn_T (transaction). Yacto
BO3HHKaeT HY:Ja B HeKoTtopol cnyskebuoit pabote
(punnTpanus, KOHTpONL BXOzOB, oOcmyxHBaHHE TaiiMe-
POB U T.J1.), KOTOPYIO HYKHO A€NaTh BCEr/ia, HE3aBHCHMO
ot cocrosupA. C 9T0il Lenpio JorHuHo BeecTH ofulee
neitctere S_A.
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Peanuzanusn

[Hasajite, HaKOHeL, BO3BMEM CaMBIi TONYJIAPHBIH
a3k ST n peamizyem Hamry pazoOpaHHyr0 Ha aTOMBI 3@-
nauy. Brionue posMoxHO, 510 OyIeT npoile W KOMMaKkT-
Hee, YeM CITOBECHOE OINHUCAHHE.

IMpesxne Beero, nepednre Ha Braaaky Data Types B
opraumsarope oobekToB CoDeSys. B koHTEKCTHOM MEHIO
(npaBas kiIaBHiua MBIIIKH) gaime komanay Add Object.
Ipuceoiire nosgmy o6sekTy umMa STATES. Onuceisarnes
OH JIOJIKEH TaK:

TYPE STATES: (State_1,State_2);

END_TYPE

10 He 06sA3aTeNLHO, HO nonesHo. MEl co3nanm cobet-
BEHHEIH CreLHaTi3HpOBaHHBIH THN JAHHBIX 1A Tepe-
MCHHO#H cocTosiHAA. TeM caMbIM Pe3KO CHWXKAIOTCS Halllk
LIAHCHL CIIYYaiHO TPHCBOHWTE ¢if OMMGOYHOE 3HAYEHHE.
Mei nepenoiunu 3Ty IHIIHIO OTBETCTBEHHOCTH Ha
CoDeSys. Cozpaem (pyHKIHOHaIBHELH Onok Ha a3bike ST.
B pasmene BHyTpeHHHX NepeMeHHBIX oOBABHTE Mapy K-
semmsipos R TRIG 1 nepemennyro State: STATES.

Beraspre 5 pefictsiit B ¢yHKUHoHaabHEIH Onok. Ha-
JOBHTE UX B COOTBETCTBHHM C HAIIMMH NpaBumamu. Jos
BeTaBku Jieiictena B CoDeSys naiite komanay Add action
B KOHTCKCTHOM MEHIO.

Heiicteue S_A peann3oBaHO Tak:

TRIG_I(CLK := Swiitchl);

TRIG_2(CLK := Switch2);

Jleiictene S1_A:

Qut := FALSE;
Jleiictere S2_A:
Qut := TRUE;

JHeiictene S1_T:
IF TRIG_1.Q OR TRIG_2.Q THEN
State := State_2;
END_IF
Heierue S2_T:
IF TRIG_1.Q OR TRIG_2.Q THEN
State := State_1;
END_IF
Pasnien peammzammiy GyHKIHOHATEHOTO Onoka:
S_A;
CASE State OF
State _1:
S1_A:
SI1_T;
State_2:
S2_A;
S2_T;
ELSE
State := State_1;
END_CASE
Tocnenuaa petka ELSE anropHTMuteckH u3bLITOUHA.
DTo AaHb KOHLETLMHM “3allMTHOrO MpOrpamMMHPOBAHHA".
Ecnu npowusoiiier cboit B pabore u mepemchuas State
NPUMET HEOONMYCTHMOC 3HaAYe€HHE, TO 3a OAHH TaKT Hall
aBTOMAaT CaMoCTOsTeNbHO HenpasuT npoGnemy. Homwo-
CTBIO PELIEHHC NPEJICTARBNIEHO Ha PHE. 3.
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Jakmouenue

PaccmoTpenHoe perieHne TPHBHAILHOM 3a/ja4H MOXKET
MOKazaThCA T'POMO3ZAKNM. B JelicTBHTENBHOCTH e MBI
“OTIMIK TYLIKY”, TMPHrO/IHYIO JUIA B3ATHA KperiocTeil, a
He TONBKO yhuuToMkeHns Myx. ChopmymHpoBanHbie xe-
CTKHME TIpaBWIa MO3BOJIAIOT AOCTaTOHMHO (popManbHO (He
3a]lyMLIBasiCh) COCTABNTL NpOTpaMMy i Jitoboro perep-
MHHHPOBAHHOTO aBTOMATa, ONHCAHHOTO JMOOBIM CrOCOo-
Gom (nampumep, rpadom mnepexopos). CnpaeeuiMBO M
obpatnoe. Tlo mporpamMe MO¥HO (GOPMAILHO NONYYHTH
onucanune aproMara. Kakzoe JCHCTBHE BBIPaXEHO KOM-
NAaKTHLIM TEKCTOM, MMEIOIIMM OJIHO3HAYHO ONpeeNeH-
HLIH CMEICI. ABTOMAT IMOJHOCTBIO PEANM3YeTCs OIHHM
¢dyHKnHoHaNbIEIM OnokomM. Tlputem cro pasgen peainsa-
LMH NPAKTHYECKH HE 3aBHCHT OT PELIIAEMOH 3aJ1a4H.

Ha camom ncne, MBI HCMONB30BATH KOMIO3HIHIO 4B-
TOMATOB, [IOCKOJNBKY CTaHAAPTHBIA  (QYHKIHOHANLHBIN
6nok R_TRIG — 370 TOKE aBTOMAT, HMEIOLMIT 2 cocTos-
pnsi. MBI MOKEM JIEFKO 3aKOJIHPOBATE €ro 1o TOIf e TeX-
yonoruy. Jng “nponBUHyTHIX” MONL30BATENEH 3aMeTHM,
4TO JiaHHBLIH METOJ1 OCHOBaH Ha aBroMare Mypa [3]. On
ABJISICTCA BapHauueil Ha Temy switch Texuonoruu [2, 4] ¢
npumcHernem QOTT BosmoxuocTer CoDeSys.

Ecte B HeM M OJ{HH MOLIHBIH TUIIOC € TOYKH 3PEHHA
omaakd. HaM mocTtatodHo OpraHH3oBaTh TPACCHPOBKY
3HaYeHHil eJ(MHCTBEHHOMH NIepeMEHHOI B KaXJioM paboucm
uvkie. CHHXPOHH3MPOBAB PE3YNBLTAT € HACTYMJIEHHEM
KPHTHYECKOl CHTYaLMM, MBI CMOXEM BOCCTAHOBUTE I10-
CJIEJI0BATENLHOCTL TIPC/ILECTBYIOUMX el coburTHiH. Jlnsa
atoroe B CaDeSys ecTb ouent yj1o0HBIH rOTOBLLH HHCTPY-
MeHT. BripoueM, pcub 00 HHCTPYMEHTAX OTIA/IKKH U MOJie-
ymporanus CoDeSys ewie Bricpen.
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