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IIpengucioBue HAYYHOTO pegaKTOpa

Bosee TpuaiaTu JieT mIpoIIo co 3HAMEHATEeJIbHOTO COOBITUA — II0-
SABJIEHUSA IIEPBOT0 MUKpoIpoIleccopa Kopmopanuu Intel — 4004. Ya-
cToTa ero paboThl OblIa B THICAYU pa3 MEHBIIIE, UYeM YaCTOTA JJIEKT-
POHHBIX yCTpoIicTB Ha y:ke codmaHHbIX Torma B CCCP mommasix CBY-
moJieBBIX TpaH3ucTopax. OZHAKO MUKPOIPOIleCCOP 006Jiazaa HOBBIM
YOUBUTEJIbHLIM B T€ T'OAbI KAUYECTBOM — OH MOT BBITIOJHATH CaMble
pasHooOpasHble GYHKIIMU, U3MeHAeMble mporpaMMHO. VI 31O obectie-
YMJIO HEBUJAHHbBIE TEMIIbI PA3BUTUSA MUKPOIPOIIECCOPHON TeXHUKMU.

Cefiuac, Korga uepezna IIPOIECCOPOB AJISA NEPCOHAJbHbLX KOMNbIO-
meposg (IIK) TonbKo ogHoit Kopmopanuu Intel HacuuThIBaeT psAz MOKO-
aeruit (ot ymenriero B uctopuio 8086 mo mHoseiimux Pentium 4, Pen-
tium M (Centrino) u Inatium) u cOTHU KOHKDPETHBIX TUIIOB, ¥ MHOTHUX
CO3aJIoCh BIEUATJE€HUE, UYTO MHKPOIIPOIIECCOPHI ATO IIPEKIe BCETO
NPUHAOLEHHOCMb NEePCOHALbHLLX KOMNbIomepos. VI BIPSAMb, B3JIETY
poau u smauummocTu IIK TpyaHO UTO-TO IPOTHUBOIIOCTABUTL. A TaHHBIE
0 YacToTax paboThl COBPEMEHHBIX MpolleccopoB B enuHunbl I'Tm (B
nepcrnekTuBe TI'11), 0 ymcae TPAaH3UCTOPOB B JECATKU MUJJIMOHOB Ha
KpucTajjie M O HUYTOXKHON (ysKe OO mojeil BarTTa) moTpebisgeMoit
MOIITHOCTH 3TUX CJIOMKHEHUIINX YCTPOMCTB Jarke CIEIUAJIUCTHI BOCIPU-
HUMAIOT KakK (paHTaCTUKY HAIUX IHE.

" tem He MeHee He CTOUT 3a0BIBaTh, UTO U3HAUAIHBHO MUKPOIIPO-
Ieccophbl OBLIM CO3MaHbl He CTOJBKO naA pabors!l B IIK, cKOJIBKO B Ka-
YecTBEe NIIPOTPAMMHO-YIIPABIAEMBIX YCTPOUCTB [JIA aBTOMAaTU3AI[UU
TPOMBITIIJIEHHOCTH U OBLITOBOYM TeXHUKHK. Ha MX OCHOBe OBIIN CO3MAHBI
npozpammupyemvie aozuieckue konmpoaepsv. (IIJIK) — yerpoiicTsa,
aBTOMATUBUPYIOIHEe PaboTy KaK OTHEJbHBIX allllapaToOB, HAIPUMED
CTAaHKOB C IIPOTPAMMHBIM YIIPaBJI€HUEM WJIN CTUPAJbLHBIX MAIIUH U
MUKPOBOJIHOBBIX ITeueil, TaK Y OTPOMHBLIX ITPOM3BOACTBEHHBIX KOMII-
sexcoB. CeromHs B CBOell KBapTuUpe Mbl, yBBI, He BCEr[|a BCTPETUM
TIEePCOHAJbHBI KOMIBIOTED, HO, HasKe He IOJ0o3peBas 00 3TOM, IOJb-
3yeMcs paboToii 1oOPOro JecATKAa IPOrpaMMUPYeMbIX MUKPOKOHTPOJI-
saepoB. Takum oOpasom, mporpaMMHUPyeMble JIOTUUYECKNE KOHTPOJLIe-
peI — gmaske 6oJiee pacIpocTpaHEHHBIE ycTpoiicTBa, yeMm IIK, kosmue-
CTBO KOTODBIX BO BCEM MUPe HEIaBHO IIPEBBICUJIO MAarn4ecKy 1udpy
B 1 Muimnaps.

ITo mukponpoieccopam u IIK y Hac HammcaHbl U U3TAHBI COTHU
KHUT. A BOT JIUTEPATYyPhI IO IPOrpaMMUPYEMBIM JIOTUUYECKUM KOHT-
poisepaM ceiiuac mpaxTudeckKu HeT. OTuacTu 5TO 0OYCJIOBJIEHO 00-
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UM KpaiiHe HeOJarONMPUATHBIM JJis HaIllell HayKW U TeXHUKU II0JIO-
JKeHueM, Bo3HuKINUM Imociyie pacmagza CCCP u BBOoma psjga sSIBHO He-
OPOAYMaHHBIX U HEIIPUEMJIEMBIX AJIA HAIIEro MEeHTAJUTETAa U COCTOSI-
HUS TPOMBIIIJIEHHOCTH PBIHOYHBIX pedopM. B pesynbrare HaBsa3aH-
HOl HaM SKOHOMUYECKOMH IMOJUTUKU IIPOM3OIIEJ paciiaj 3aHATHIX aB-
TOMAaTU3aIeN TPOMBIIIJIEHHOCTH KOJJIEKTUBOB YUYEHBIX U TeXHUYe-
CKUX CIEINAaJICTOB.

K cuacThio, HAyKa U TeXHUKA IPUHALIEKAT K OTPACIAM AesTeNb-
HOCTU YeJIOBEeUEeCTBa, KOTOPbIE, MCIBITHLIBAS OTJAEJIbHBIE CHaIbl B TOM
WV WHOW KOHKPETHOI CTpaHe, B IIeJIOM HEIIPePHIBHO Pa3BUBAIOTCSA U
coBepIeHcTBYyOTC. ClI0KUBIIeecs y HAC IIOJIOMKEHUEe MMEeT W CBOU
TOJIOXKUTEJIbHBIE CTOPOHBI. IIpe)kme Bcero HAJAO OTMETUTh WHTETrpa-
U0 HAaIllell IPOMBINIJIEHHOCTH C MUPOBOM IIPOMBIILIEHHOCTHIO, 0e3
Yero CosgaHue KOHKYPEHTHO-CIIOCOOHBIX WM3Je/J Uil W TOBApPOB HEBO3-
MoskHO. Ilam «'KedesHBIN 3aHaBec» KakK B OOIEHWU CIEINaJINCTOB
PasHBIX CTpPaH, TaK M B OOMeHe KOHCTPYKTUBHBIMU UAESIMH U paspa-
6oTkaMu. B uTore Ha HaAIl PHIHOK CTAJIM IOCTYIIATh HOBEHIIINIE MUKPO-
9JeKTPOHHBIE UBNEJUs W TMPOTrpPaMMHBIE MPOAYKTHI BeNYIIUX 3amaj-
HBIX Kopmoparnuii u ¢upm. [Ilupurcs ux npuMeHeHHe B HAIIUX pPas-
paboTKax U TOBapax KaK BHYTPEHHEro MOTPeOJIeHUs, TaK W UAYIIUX
Ha 9KCIOPT.

Ho, moskanyit, camoe rjiaBHOe COCTOUT B TOM, UTO CO3JAHHBLINA B
roasl CCCP HayuYHBIN, TEXHUUYECKUN U IMPOMBINIJIEHHBIN ITOTEHIIUAT B
HAallle BpeMs BHOBB CTaJl PACTH, IPHUUYeM Ha KaUeCTBEHHO HOBOM YPOB-
He — WHTerpaluu ¢ MUPOBLIM IIPOMBIIILJIEHHbIM IoTeHInagom. K cua-
CThIO, JAJIEKO He BCe HAIllU CIIeI[UaJNCThl, OKOHUUBIIINE TeXHUUYECKUe
BY3bI, PUHYJNUCH B TOPTOBJIO, KOMMEPIIUIO U IOPUCHPYACHIINIO UJIU B
HmOoMCKax JyUlllell NOJM SMUTPUPOBaJM Ha 3aman. MHorme ocTajauch
BEPHBIMU BBIOPAHHOMY IIYTH U, HECMOTPA HA €T0 BPpeMeHHbIe TPYIHO-
CTHU, BJAWJUCH B PAILI Pa3pabOTUMKOB HOBeHIIel amnmapaTypbl U TeX-
HUYECKUX CPeACTB aBTOMAaTH3allu¥ [IPOM3BOJACTBa. Pasymeercsi, Te-
mephb yiKe MCIIOJb3YIONell MUPOBbIE MOCTUKEHUI B HayKe U TeXHUKe.

K TakuM cnemuasucTtaM OTHOCUTCS U aBTOD 9TOi KHuru — Urops
ITerpoB. 9T0, 6E3yCIIOBHO, YeJOBEK HOBOM (hopMaliuu, MOHUMAIOIIHI
HBIHEIITHEe PBIHOUYHBLIE peajiiy WM BOBCE He IMacyloInuii mepes HUMU.
Byayuu moum crymenTom u acuupanToM, Vrops IleTpoB BbIOpas IyTh
KaK II0 cBoeMy 00pa30oBaHMUIO (IPOMBIIIJIEHHAA JJIEKTPOHUKA), TaK U
mo mpusdBaHuio. OH ABASETCA TEXHUUYECKUM IUPEKTOPOM KOMIIAHUU
«IIposor», ycmemrHo paspabaThIBAOINEl M BHEAPSIOIIEH COBpPeMeH-
Hble IPOrpaMMUpPyeMble JIOTHUYeCKNe KOHTPOJLIePhI B Hallle IIPOU3BOJI-
cTBO. U BOT Temeph OH pEIUJICA HA MOATOTOBKY 9TOM KHUTHU, KOTOPAsd
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0000111aeT MHOTOJIETHUM OIBIT €r0 HMPAaKTUYEeCKOH paboThl B o6JiacTu
IPOrPaAaMMUPOBAHUS W IPUMEHEHUS IPOrPaMMUPYEMbBIX JIOTMYECKUX
KOHTPOJLJIepOB. B obJyiacTu, 0e3yCJ0BHO, aKTyaJabHOI, MHTEPECHOH U
IJI HAc HOBOIM.

ABTOpP KHHUTH ONBITHBIN mporpamMmuct. VI eMy ymaloch OIHCATH
BCe BaKHeHINMe acmeKThl IPOrpaMMUPOBAHUSA TAKUX MAaCCOBBIX
YCTPOMCTB, KaK HpOorpaMMHpPyeMble KOHTPOJIJIePHhI. IIpuATHO oTMe-
THUTh, UTO 3TO ONMKUCAHUE CAEJaHO XOPOIIUM U SICHBIM SI3SLIKOM, BIIOJI-
He TMOHSATHBIM He TOJbKO OIBITHBIM CIIEIMaJIMICTaM, HO U CTyJeHTaM
TeXHUUYECKUX BY30B M YHUBEPCUTETOB. KHUIa XOPOIIIO MUJIIOCTPUPO-
Bana. OHa KOMHOAaKTHAa, HO COJEPKUT HPAKTUUYECKM BeChb HEOO0XOIu-
MBIM MaTepuas mo mporpammupoBaHmio IIJIK ¢ pagomM mHTepecHBIX
OpUMEePOB. ¥YBaKUTEJIbHOE OTHOIIEHWE aBTOpa K CTaHAapTaM TaKiKe
SABJSETCS €e NOCTOMHCTBOM, KaK U OTPaKeHMe HOBEHIIero mporpam-
MHOTO MHCTPYMEHTApU.

Bce sTO mO3BOJISIET HAIESATHCS Ha TO, UTO JaHHAs KHUra HalgeT
CBOETO YHUTATeJd B JIUIlE CIEeIUAJNCTOB B 00JIACTHM aBTOMATHU3AIIUU
IPOMBITIIJIEHHOCTH, a TaK’Ke IIperojaBaTesiell U CTYAeHTOB TeXHUYe-
CKHUX BY30B COOTBETCTBYIOIIETO KHUre MPOMUII.

Hvaronos B. I1.,
0oKmop mexHuuecKux HayK,

npogeccop



BBenenue

KHura omwuchiBaeT IporpaMMUPOBaHUE CHUCTEM YIIPABJIEHUS IIPO-
MBIIIIJIEHHON aBTOMATHKOM, ITOCTPOEHHBIX Ha 0a3e MpPorpaMMUPYEeMBbIX
goruyeckux KoHTpoJepoB (IIJIK). OcHoBHOe BHUMaHUE yAeaseTcs
TEeXHOJIOTUU CO3JaHUA IIPOrPAMMHOIO obecleueHUs [Jis CHUCTeM, IIO-
cTpoenHbIX Ha 6asde IIJIK, u mpakTuyecKOMYy IPOTPaMMUPOBAHUIO HA
A3bIKax cTtaggapra MOK 61131-3.

K coxanenuio, mepuoj IIUPOKOT0 pacIpoCTpaHeHUs CTaHIapTa
MOK 61131-3 mpumiencsa B Poccuu Ha roasl mepectpoiiku. OTcyTcert-
BUe CIpoca IIPOMBIIIJIEHHOCTH HA CPeACTBA aBTOMATU3AI[UU IPOU3BO/I-
CTBa MPUBEJIO K pacmany OOJIBITMHCTBA KOJJIEKTUBOB, 3aHATHIX IIPU-
menenueMm IIJIK, uTo, ecrecTBeHHO, OTPa3MIOCh WM Ha YPOBHE IMOITO-
TOBKH CIEINaJNCTOB. B HacToslee »Ke BpeMs HaOJIOJaeTCsA CYIIeCT-
BEHHBIN POCT MOTPEOHOCTH B COBPEMEHHBIX MWHCTPYMEHTaX IPOU3BO/I-
crBa u aBTomaTtuku. Koauuectso npogask IIJIK B Espomne 3a 2002 rox
IpaKTUYeCKU He N3MEHUJIOCh, MO0 MNAHHBIM JKe pOocCUiicKuX (GupM,
CIpOC 3a T'OJ YBeJIWUYUJICA B HeCKOJbKO pas. Illuporkoe pacmpocTpane-
HUe W JOCTYIIHOCTh IMEePCOHAJIbHBIX KOMIILIOTEPOB IPUBEJN K IIOSBJIE-
HUIO OOJIBIIIOTO YMCJA CIENUAJNCTOB, IMPO(ecCroHaJIbHO BJIAAEIOIINX
KOMITBIOTEPHBIMU TEeXHOJIOTUAMU. [[oaTOMYy HEe YyAWBUTENBHO, UTO Ce-
rogua mnepcoHasbHbIe KoMIbioTephl (IIK) maccoBo mpumeHSIOT Ha
BCeX YPOBHAX MPOMBIINIJIEHHON aBTOMAaTU3AaIllM, BKJIIOUAsA KJaccuye-
CKUe KOHTPOJIJIePHbIEe 3aJauu.

Me:xay TeM BO MHOTHX CAyYadaX IpPUMeHeHUe MPOMBINLIeHHbIX IIK
He OIPaBAAaHO SKOHOMHUYECKMN U TEeXHUUYECKU CJO0KHO. [lake Tam, rme
sagaua Ha IIJIK permaercs «B OomHO JeiicTBHEe» UM Ha JABa IOPAAKa Ie-
IeBJe, HEPEeOKO IPUMEHSIOT IOPOoTocToAlue mpombiiiaenubie ITK,
omeparmoHHbIE CHUCTEMBI PeaJbHOTO BpPEeMEHU W 3aKasHoe IIporpaM-
MHOe ofbecneuenne. ENMHCTBEHHON NPUYMHON TAKOTO IMOAXOJA SBJIA-
eTcsd HAJWUYMe IIOATOTOBJIEHHBIX chenuaancToB. OmHOGOKOCTH pelie-
HUAY HeMaJi0 COIYTCTBYeT M IMOYTH MIOJHOE OTCYTCTBHE COBPEMEHHOM
auteparypsl o npumenenuio IIJIK Ha pycckom saswike. IIpu 3Haxkom-
cTBe ¢ JocTynHbIMEU uctounmkamMu 10 metHeidt maBHOCTH [7] cosmaercs
BHeuatrsieHne, uto npuMeHenue IIJIK cBs3aHo ¢ IPUMUTUBHBIM U He-
VKJIIOKUM IPOrPaMMUPOBAHUEM IIPU IIOMOIIU CIIEIHAJIN3UPOBAHHBIX
TYJbTOB, UTO BBITJISAUT UPE3BLIUANHO apXawdHO.

B mocienuee necsaTuieTHe MOABUJICA IJBIH KJIACC MHCTPYMEHTOB
BU3YaJbHOTO HPUKJIAZHOTO nmpoeKTupoBanusa ana [IJIK. Bripaskascs
A3BIKOM CIIEIIM1aJINICTOB 3ByKOBOCHpOH3BOﬂHH.I€fI TeXHUKNW, 3TO HNHCT-
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pymenTsl Kiaacca «High end». MaJjio Toro, moHATHE «IPOrpaMMUPOBA-
HUE» JJIA KOHTPOJLJIEPOB Bce 00Jiee BHITECHAETCS CJIOBOM «IIPOEKTUPO-
BaHue». VM meficTBUTEIBHO, IIPOIIECC MePeTACKUBAHUSA MBIIILIO Tpadu-
YeCcKUX 00'beKTOB HA3bIBATH IIPOIPAMMUPOBAHUEM CJIOMKHO.

JlamHas KHUATA IeJIUKOM IIOCBAIEHA MPOEKTHPOBAHUIO CHCTEM Ha
6ase IIJIK ¢ moMoIIb0 MHCTPYMEHTOB, OPUEHTUPOBAHHBIX Ha S3BIKU
craggapra MOK 61131-3. IIpuBenenHblii MaTepruaJ HOCUT JOCTATOU-
HO YHUBEDPCAJIbHBIN XapaxkTep. MbI HamMepeHHO He OyZeM MIoAPOOGHO
onuckiBaTh KoHKpeTHbIEe IIJIK u dupmMeHHBIE MHCTPYMEHTHI UX IIPO-
rpaMmMupoBaHusa. [Ipu MOATrOTOBKE KHUIKM HCIIOJB30BAJICS KOMILIEKC
CoDeSys ¢pupmbr 3S (Smart Software Solutions). 9To osHauaer, 4TO
BCe MIPUMePhI OBLIN pPeain30BaHbl B 9TOI CHCTEME WM TIIATEJbHO IIPO-
Bepeubl. HO ¢ He MEHBIIMM yCIE€XOM BBI MOXKETE HCIIOJb30BATH APY-
Tve WHCTPYMEHTBI, KPATKO IIPeJCTaBJeHHbIe B TPeThell IaaBe KHUTHU.
Bce oHU co3maHBI M3BECTHBIMU MUPOBBIMU JIMJEePaMU PhIHKA UHCTPY-
MmeHTOB nporpammupoBaHusa IIJIK. Tam, rme B TekcTe KHUTU HE0O0XO-
IUMO OOpaTUTh BHUMAaHMWE Ha OCOOEHHOCTH KOHKPETHOW pean3aliuu,
9TO YKAas3aHO B IBHOM BH]E.

I TpaKTUUYeCcKOro MpUMeHeHUs JII000r0 YHUBEPCAIBHOTO KOMII-
Jekca mporpammupoBanua MOK 61131-3 ¢ KOHKpPETHBIM KOHTPOJIIE-
poM HeoOXOoaMMAa agalTallusA CUCTEMHOI'O IPOrpaMMHOI0 O00eCIeueHns
IIJIK u ompenesieHHasA HACTPOMKA KOMILIEKca. ITa paboTa TpedyeT BbI-
COKOIT KBasmGuUKanuu u He feiieBa. Ho 3To mpobJyieMa M3rOTOBUTEJIEH
U IOCTaBIINKOB KOHTPOJIepoB. Ilorpeburens IIJIK Bcerma padoraer c
HACTPOEHHBIM MHCTPYMEHTOM U He HeceT 3aTpaT mo amanrtanuu. Ilis
3HakoMcTBa ¢ TexHoJsorueil IIJIK u o6yueHus ux mporpaMMUPOBAHUIO
IOCTATOYHO MMETH OECIIATHYIO JeMOHCTPAIIMOHHYIO BePCUI0 KOMILIEK-
ca. Kuura mamepento He BKJoouaeT CD ¢ momo0HBIMI [eMO-BEePCUAMMH,
TOCKOJIbKY Osaronapsa VHTepHETY (CM. CCHLIKU B KOHIlEe KHUTH) IIOJIY-
YUTh HEOOXOAMMBIN IIaKeT M3 IePBLIX PYK HEe IIPEACTaBJISAET CJIOMKHO-
ctu. Kpome Toro, BaM He mpuaeTcs IJIATUTD JUIITHUE AeHbI'U 34 OUCK C
HaBepHAKA Y)Ke YCTApeBIINMU IIPOTrpaMMaMuU.

IIpenmosiaraercs, 4To YNTATENb, KAK MUHUMYM, IMEET IPEACTaBIIE-
HUEe 0 paboTe ¢ MePCOHATbHLIM KOMIILIOTEPOM U CJIOBa «OUT», «0alT»,
«IIIeCTHAAIIaTePUYHAS CUCTEMa CUYMCJIEHUS» He BBI3BIBAIOT TS KEJBIX
BocrioMuHaHui. I'1TyboKoe 3HAHME MaTeMaTuKHN, KOMIBIOTEPOB, CeTel,
OMepaImoOHHBIX CICTEM, TEOPUU CUCTEM aBTOMATUYECKOTO YIIPABIEHUA
u ugeosioruu nocrpoenusd [IJIK He siBiseTcss HEOOXOAUMBIM [JIS OCBOE-
HUSA MaTepuajia JaHHOII KHUTH. B cephbe3Holl mpakTHYecKoil paboTe Bce
5T BOIPOCHI, 6€3yCJI0BHO, BOSHUKHYT. B KOHIle KHUTU TPUBEAEH CIIH-
cok Jqurepatypsl [1—38] u HTEepHET-UCTOUYHUKOB, KOTOPbIE IIPU HEOO-
XOAMMOCTH MOACKAMKYT MYTh MONCKA PEIIeHNs.
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Muorue KHUTM ¥ YYeOHUKHU I10 IIPOrPAMMMPOBAHUIO COAEPIKAT 00-
IMUPHBIE BBOAHBIE pasfesbl. B HUX TOBEPXHOCTHO M3JaraeTcsa Bech
MaTepuaJl, gajgee U3J0KeHUe MOBTOpAeTCA ysKe 0ojee mMoaApoOHO, MHO-
rma gaske HECKOJIbKO pasd C PasJIWYHBIX TOUEK 3PeHus. ITO He YAUBU-
TEJbHO U O0BACHAETCS 3HAUMTESHLHON B3aMMOCBA3BI0O BCEX MarTepua-
JoB. B mamHO# KHUre Bca mH(pOpPMAIUSA Cpasdy M3JaraeTcs CO BCeMU
MOAPOOHOCTSAMU, MHOT/JA JaKe ¢ KPATKUMU CChLJIKAMM BIlepel Ha elre
He OIMCAHHBIA MaTepuaja. ITO YIPOIIAeT MONCK MHMOPMAIUN, IIOCKO-
JBbKY BCe, UTO KacaeTcsa ONHOII mpob6eMbl, KOMIIAKTHO COCPEIOTOUYEHO
B OZHOM pasneie KHuru. Takoil mogxon 6oJiee XxapaKTepeH IJid crpa-
BOYHMKOB Y OPMEHTUPOBAH HAa SKOHOMUIO BPEMEHU MOATOTOBIECHHBIX
yuTaTesiell, HalleJeHHBIX Ha IPaAKTUYECKYI0 paboTy M MMEIOIUX Ha-
BBIK UTEHUS TEeXHUYECKON NTOKYMEHTAIIUU.

Ecim BaM Heo6XOAWMO IOCTEIIeHHOe MOTPY:KeHne B MaTepuas, McC-
MOJb3yHTe «ABYXIPOXOAHOE» ureHne. CHauasia mpoyuTaiiTe BCIO KHU-
Iy «II0 JUATOHAJM», IPOMYCKAsA TO, YTO IIOKAMKETCS HEIMOHATHBIM. [la-
Jilee TPOCMOTPUTE Pas3fesibl, IOCBAINEHHbIE OIMHCAHUIO A3LIKOB IIPO-
rpaMMUPOBaHUsA, BbIOepeTe HamboIee BaM IOHATHBIN, U3yUUTe Pas3mest
moapoOHee U pasdepuTe OOUH M3 IIPUMEPOB, PeaM30BaHHBIN HaA JaH-
HOM fA3bIKe. Ha 9ToM sTame HE0OXOAMMO BKJIIOUNTHL KOMIILIOTED U pea-
JIN30BaTh Pa300paHHBIN IPUMED WJIH ellfe Jydlile (parMeHT cOOCTBEH-
HOU mpakTuueckon 3agauu. [logximouars peanbublii IIJIK Heobsas3aTe-
JIbHO, TOCTATOYHO BCTPOEHHOTO SMYJIATOPA CHUCTEMbI IPOTPaMMUPOBa-
HUA (MOYKHO HCIIOJIB30BaTh AeMo-Bepcuio). IIoka BBl He 3acTaBuUTe
npuMep padoTaTh JOJIKHBIM 00pasoM, dajibHelIee UTeHNe KHUTH He
uMeeT CMBICTA.

Cuenyer cpady o0paTuTh BHMMaHWE HA TO, UTO [IJis IPOrPaAMMUPO-
Banusa [IJIK He Tpebyercsa 3Hamme Bcex maTu a3biKoB MOK 61131-3.
Tak, ucmonb3ys maske MPOCTEHINNIT, TOXO0KUMN Ha accembiep A3BIK IL
(CIIMCOK MHCTPYKIIUI), MOXKHO pPeaJiM30BaTh HPOEKT JI000UM CJIOMKHO-
ctu. B To Ke BpeMs BBIOOD S3BIKA CYIIIECTBEHHO BJIMAET Ha CIIOCOD
MBIIILJIEHUA. B pesysbTaTe CyIlecTByeT MHOTO 3aJad, KpacuBoe pellre-
HUe KOTOPBIX HA OJHOM SA3bIKe II0JIyUuaeTCs MpaKTUuuYecKu 0es yCcuinii,
a Ha APYroM fA3bIKe TpeOyeT NpUMeHEHUS MAJIOMOHSATHBIX «TPIOKOB»
W, eCTeCTBEHHO, cepbe3Hoil ortaanku. OBaageHmne ke mpueMaMu pado-
THI HA BCEX SI3BIKAX M BO3MOYKHOCTH COBMEII[eHUS MX B OJHOI 3amaue
IO3BOJAIOT PaboTaTh OBICTPO UM HALEMKHO.

Kaura comep:xuTr 00JbIIIOE UNCJIO MPUMEDPOB Peaaus3aluyl pPasaiud-
HBIX aJropuTmoB. Ilpumephl MpegHAMEPEHHO He COAepPKaT ONMMCAHUS
3aKOHUYEHHBIX IIPOEKTOB IPOMBINIJIEHHLIX cucTeM. A 00bsICHEeHUS
JII000TO TAKOr'o IIpuMepa 00sg3aTeJTbHO IOTPedyeTcs MOrpy:KeHue B Je-
TaJIX TEXHOJOTUH KOHKPETHOI'O IITPOM3BOICTBA, UTO HE SIBJIAETCS Ile-
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JbI0 JaHHOW KHUTY. BEepoATHOCTh K€ TOro, UTO KaKoi-ambo ImpuMep
COBHOAJIEeT ¢ MPAKTHUUYECKOH 3aJadell umTaTesisa, KpailiHe Hu3Ka. IloaTo-
My IpuMephbl HalleJIeHbl Ha pellleHre CPABHUTEJIbHO IIPOCTHIX U PasHO-
00pasHbIX 3a7ay, IPUYEM He TOJbKO CHeIU(PUUHBIX AJS KJaccuue-
ckux npumenenuii IIJIK. IIpuMepsl TpU3BaHBI CAYKUTb UCTOUHUKOM
HOBBIX ueil, a He HaGopOM MIa0JOHHBIX PeIleHuid.



IIpenynpesknenust

IIpakTuueckoe npumenenue IIJIK B mexoBbIX yCIOBUAX COMIpsKe-
HO C IOBBIIMIEHHOHN onacHOCThI0. OMIMOKY BO BHEITHUX AJIEKTPUUECKUX
IMensX KOHTPOJLIEPOB, HEKOPPEKTHHBIN pacyeT YCTPOMCTB NMUTAHUA U
CHJIOBBIX 0JIOKOB, HEKAUECTBEHHOE 3a3eMJIeHNe, HEelIPAaBUJIbLHO BBIIMOJI-
HEHHAas CUCTeMa aBapUUHOTO OTKJIIOUEHMA, OTCYTCTBUE 3AIUTHI MeXa-
HUYECKUX Y3JI0B U IpOUNe HapYIIeHUsd IPaBUJ MOHTaXa MOTYT IpPH-
BecTu K TsioKesabiM mocienctBusM. Mounramxk IIJIK u compsaskeHHOTrO C
HUM O0OPYHOBAHUSA JOJI)KEH BBIMOJHATCSA TOJBKO KBaJN(MUIIMPOBAH-
HBIM IEePCOHAJIOM, UMEIOIIIUM COOTBETCTBYIOIINE NOMYCKH.

Omubku B IMpuKJIagHOM IporpaMMHoM obecneuenuu IIJIK cmocoo-
HBI IPUBOAUTH K IIOTE€PE CUHXPOHHOCTU PAOOTHI MEXaHU3MOB, UTO MO-
JKeT CTaTh MPUUYNHOM MX MOJOMKM WU IPUBECTH K TpaBMaM OOCIY-
JKUBAIOIEro ImepcoHana. I[IpaBUIBHO CIPOEKTUPOBAHHAS CHCTEMA
IOJI’KHA COJEPYKAThb 3JE€MEHTHI OJOKWPOBKU, HCKJIOUAIOIINE TaKYIO
BO3MOKHOCTB. JleTalbHOE PACCMOTPEHUNE TEeXHUKU IPOEKTHUPOBAHUA
0e30IIaCHBIX CHCTEM aBTOMATHUUYECKOTO VIIPABJIEHUS He SBJISETCS
mpeaMeToM JaHHOW KHUTU. Bce mMpuMephl B KHUTE MOCTPOEHBI TAKUM
00pasoM, UTO MX IPOPabOTKY MOJKHO BBINOJHATH B PEKUME dMYJIdA-
nuu, 0e3 MOAKJIIOUEeHNS BHEIITHEro 000pyIOoBaHM’A.



I'masa 1. IIporpammupyemsie
KOHTPOJLJIEPBI

B sT0if riaBe 00BACHSETCA, UTO TaKOe IPOTPAMMUPYEMBINT KOHT-
poJsiep, KaK OH paboTaeT U IJIs Yero BooOIie oH HYyKeH. KpaTko 6yayT
paccMOTPeHbI IPUHIIUIIBI IIOCTPOEHUA allllapaTHBIX CPEICTB U CUCTEM-
HOT'O IIPOrPaMMHOI0 00eCIIeUeHU s, OCHOBBI CHCTEM PEeaJbHOI'0 BpeMeH!
¥ BaXKHEMINe TeXHUUYECKNe XapaKTePUCTUKY KOHTPOJLIEPOB.

1.1. Onpenenenue IIJIK

Jlrobasi maruHa, CIOCOOHAS aBTOMATUYECKH! BBIMOJHATH HEKOTO-
pble oIepalu, UMeeT B CBOEM COCTaBe YNpasisioujuil KOHmMpoJaiep —
MOIyJb, obecleumBaOIUI JIOTUKY paboThl ycrpoiicTBa. KOHTpPOJI-
Jiep — 9T0 MO3r MamuHbl. EcTecTBeHHO, YeM CJIOJKHEe JIOTUKA PaboThI
MaIlliHBI, TeM «yMHee» JOJI’KeH OLITh KOHTPOJLIEP.

TexHUUYECKN KOHTPOJLIEPHI PEaJu3yIOTCA II0-PAa3HOMY. OTO MOJKET
OBITH MEXAaHNUYECKOe YCTPOMCTBO, ITHEBMATUUYECKHUN MM T'UAPABIHYE-
CKUil aBTOMAT, pejiefiHAA WM JJEKTPOHHAA CXeMa WU JakKe KOMIIb-
IOTepHAsA mporpaMMma.

B cayuae, Korga KOHTPOJLIJIEP BCTPOEH B MAIIKMHY MaCCOBOTO BBIIY-
CKa, CTOMMOCTb €ro IIPOeKTUPOBAHUS paclpeneieHa Ha 0OJbIIIOe YHC-
JIO UB3JeJIUI U MaJia B OTHOIIIEHUUM K CTOMMOCTHY M3rOTOBJIEHUs. B ciy-
Yyae MAaIllMH, W3TOTABJIMBAEMBIX B €IUHUYHBIX JK3EeMILIAPax, CUTYya-
nus oopaTHas. CTOMMOCTS IPOEKTUPOBAHUS KOHTPOJIIEPA JOMUHUPY-
€T II0 OTHOIIIEHUWIO K CTOMMOCTH ero (DM3MUECKOIl peasn3aluu.

IIpu cosmaHuM MaIluH, 3aHATHIX B cepe IPOMBINIJIEHHOTO IPOU3-
BOJICTBA, KaK IIPABUJIO, MPUXOAUTCA UMETHh JeJI0 He 0ojiee UeM C enu-
HHUIIAMH OJHOTUIHBIX yCTpoicTB. KpoMe TOro, OueHb CYIII€CTBEHHOI
3lech SBJSETCA BO3MOKHOCTL OBICTPOI II€EPEHACTPOUKU 000pymoBa-
HUSA HA BBIOYCK APYTOM IPOAYKIIUAU.

KouTtposaepsbl, BBITTOJHEHHBIE HA OCHOBE pejie MJIU MHUKPOCXEM C
«KECTKOU» JIOTMKOM, HEeBO3MOYKHO HAYUYUTh [ejaTh APYIYI0 paboTy
6e3 cyIiecTBeHHOI mepemenku. OUueBUIHO, UTO TaKOW BO3MOKHOCTBHIO
00JIa[IaI0T TOJNIBKO npozpammupyembvie Jozuieckue KOHMPOJLLepbl
(ITJIK). Upea cospanusa IIJIK pogunach mpaKTUYeCcKU cpasy C MOSBJE-
HHEeM MUKpoIporeccopa, T. e. 30 yeT Hasaz.
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®dusnuecku, Tunuuusiii IIJIK mpexpcrasisier coboit 6JIOK, MMeEO-
il OIpeneieHHBIN HAO0OpP BBIXOJOB M BXOMIOB, AJA IIOAKJJIIOUEHIS
JaTUYNKOB M UCIOJHUTENbHBIX MexaHu3MoB (puc. 1.1). Jloruka ympas-
JIEHUS OIIMCHhIBAETCSA IIPOTPAMMHO Ha OCHOBE MUKDPOKOMIIBIOTEPHOTO
angpa. AbcoaiorHo onmHaKoBbie IIJIK MOTYyT BBITTOJTHATH COBEPIIIEHHO
pasubie (yHKIUU. IIpuuem mjad M3MEHEHUS aJTropuTMa paboThl He
TpebyeTcsa KaKuX-In00 MepeesoK allllapaTHOH dacTh. AlmapaTHas
peanusamnusa BxoJaoB u BeIixonoB IIJIK opueHTHMpOoBaHA Ha CONpAKEHUE
¢ YHU(DUIIUPOBAHHBIMY TpHOOpaMU 1 MaJiO IIOABEP/KeHA N3MEeHEeHUAM.
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Puc. 1.1. IIpunanun pa6ortsr ILJIK

3agaueit mpukJgagHoro nporpaMmmupoBanud [IJIK sBasercs ToabKo
peanusanusa aaropuTMa YIpaBJIeHUS KOHKPeTHOHW wmarmuHoii. Ompoc
BXOJIOB U BBIXOJOB KOHTPOJIJIEDP OCYIIIECTBJIAET AaBTOMATUYECKU, BHE
3aBHCUMOCTHU OT cIloco0a (hM3UUYeCKOro coequHeHusi. ITy pPaboTy BbI-
TMOJIHSAET CUCTEMHOE IMporpaMMHoe obeciieuernre. B ugeaabHOM caydae
MPUKJIASHON MPOTPAMMUCT COBEPIIIEHHO He MHTepPecyeTcsa, KaK II0COo-
eIWHEeHBI U T/l PACIOJIOKEHBI JATUUKU U MCHOJHUTEJIbHBIE MeXaHu3-
MbI. Majio Toro, ero pabora He 3aBUCHUT OT TOTO, ¢ KAKUM KOHTPOJLIE-
poM u KakKou (pupMbl OH padoraer. Biarogaps cTaHZapTHU3aI[UU SI3bI-
KOB IIPOrPaAaMMUPOBAHUS MPUKJAAHAS IporpaMMa OKasbIBaeTcs nepe-
HOCUMOILL. ITO 03HAUAET, YTO €€ MOXKHO MCIO0Jb30BaThk B JroooMm IIJIK,
oA epP;KUBaOIeM JaHHBIN CTaHZAPT.

IIporpaMmMupyemMsblii KOHTPOJIJIEP — BTO IIPOrpaMMHO yIpasJse-
MBIl QuCKpemHbwLiL agmomam, UMeIoIuii HeKOTOPOoe MHOKEeCTBO BXO-
OB, TOAKJIIOUEHHBIX ITOCPEACTBOM JaTUMKOB K OOBEKTY yIpaBJIeHUS,
¥ MHOKECTBO BBIXOJIOB, MOAKJIIOUEHHBIX K HUCIIOJHUTEIBLHBIM YCTPOIi-
crBam. IIJIK KOHTPOJIMPYET COCTOAHUA BXOIOB M BhIpaOaTHIBAET OIIpPe-
IeJeHHbIE II0CJeI0BATEJIbHOCTY IIPOTPAMMHEO 3aIaHHBIX AEHCTBUM, OT-
paskaroInxca B UBMEHEHUUN BBIXOJIOB.

TIJIK npenmasHaueH AJiA pabOTHI B PeKUMe PeaJbHOTO BPEMEHU B
YCJIOBUSIX MPOMBINLIEHHON CPeAbl U MOJIYKEeH OBITh AOCTYIEH [AJs IIPO-
TPpaMMUPOBAHUSA HECIENaJNCTOM B objactu mHGopMaTuKu [6].
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Wsnauvanpuo IIJIK npemmasHauaauch s yIIpaBJIeHUS IIOCJIeI0BA-
TEJILHBIMU JIOTUYECKUMU IIPOIIECCAMM, UTO W OOYCJIOBUJIO CJIOBO «JIO-
rudveckuii» B HaszBauuu IIJIK. CoBpemennsnie IIJIK momMuMo mpocCTBIX
JIOTUYECKUX OIIepaluii CIIOCOOHBI BBIMOJHATH IU(PPOBYI0 00PabOTKY
CUTHAJIOB, yIpaBJeHWEe NPUBOAAMU, DPETyJIUPOBaHUEe, (DYHKIIUM OIle-
paTopckoro ympaBjieHus u T. 4. B crammaprte MOK u oueHb uacto B
JuTeparype g o603HAUYEHUA KOHTPOJLIEPOB IIPUMEHSETCS COKpaIle-
aue IIK (mporpammupyembiii KoHTpoJiiep). Ilockonbky B Poccum
o6osHaueHue IIK ycTOMYMBO CBA3aHO C IEPCOHAJIBHBIMU KOMIIBIOTE-
paMu, MbI OymeM HCIIOJIb30BaTh cokparienue [1JIK.

Koucrpykmusa IIJIK moixeT OBITH caMoOil pPasHOOOpasHO — OT
CTOMKM, 3alOJHEHHOI ammapaTrypoit, 1o muauatiopubeix I1JIK, momoo6-
HBIX IIOKasaHHOMY Ha puc. 1.2.

UM I 5 | I8
| i AN B A e L ) Iﬂ.ﬁﬁlﬂl'ﬂ"ﬂ

| ACDC 115

SIEMENS

Puc. 1.2. Mununatiopusri IIJIK ¢upmser SIEMENS, I'epmanus

Bnepsrie IIJIK 6biiu nmpumenensl B CIITA mis aBToMaTH3auu
KOHBeliepHOTO COOPOYHOr0 ITPOM3BOACTBA B aABTOMOOMJIBHOII TIPO-
mbinresHoctu (upma Mogukon, 1969 r.). Ceromua IIJIK pabora-
IOT B DHEPreTHUKe, B 00JIACTH CBA3U, B XMMUUYECKON MHPOMBIIIJIEHHO-
cTU, B cepe mOOBIUM, TPAHCIOPTHUPOBKU He(TH U rasa, B CUCTEMax
obecrieueHus1 0€30IACHOCTH, B KOMMYHAJbHOM XO3SHCTBE, HCIIOJb-
3yIOTCSI B aBTOMATU3AIMU CKJAI0B, B IPOMU3BOJCTBE MIPOAYKTOB IIH-
TAHUSA W HAIUTKOB, HA TPAHCIOPTE, B CTPOUTEIBLCTBE U T. A. Peasb-
HO chepa mpumenenus IIJIK maxke mupe chepbl IpuMeHEHUS mIep-
COHAJBbHBIX KOMIbIOTEPOB. XoTa caaBa IIJIK 3HaunTe bHO MeHBIIIE.
Nx pabora TpomMCXOAUT KaK OBI «3a CIeHOIi» UM He3aMeTHa MAJd
OOJIBIIIMHCTBA JIIOLEeH.
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1.2. BxoapI-BBIXOIBI

Ha sape cBoero nosapienus I1JIK umenu ToIbKO 6uHapHble 8x000bL,
T. €. BXOJbl, 3HAUEHUSA CUTHAJOB Ha KOTOPHIX CIOCOOHBI IPUHUMATH
TOJIBKO IBa COCTOAHUA — JIOTUYECKOTO HYJIA U JIOTUUECKON eqUHUIIHL.
Tak, Hammume TOKa (WJM HAIPAKEHWUs) B IeIU BXOJA CUUTAETCS
O0BIUYHO JIOTHMUecKoil empumHHIeii. OTcyTcTBHe TOKa (HAIPSKEHUS)
osHauaeT Jsormueckuit 0. [JatTumkamu, (QOPMUPYIOIIUMHU TAaKOU CHUT-
HaJ, ABJIAITCA KHOIKKM DPYYHOTO YIPaBJEHWUS, KOHIIEBbIE NATUUKU,
JAaTYUKU ABUIKEHUSA, KOHTAKTHBIE TEDMOMETPHI M MHOTHE JPYTUE.

BunapHblil 6b1x00 TaKKe MMeET IBa COCTOAHUA — BKJIOUEH U BbBI-
kioueH. Chepa mprMeHeHUsI OMHADHBIX BBIXOL0B OUEBUJHA: DJIEKTPO-
MarHuTHbBIE peJie, CUJIOBbIE IIYCKATeNIN, 93JIeKTPOMArHUTHEIE KJIAallaHHbl,
CBETOBBIE CUTHAJIU3ATOPHI U T. H.

B coBpemenubix IIJIK IITUPOKO HCIIOJB3YIOTCA AHAJL0208ble BXOIBI
W BBIXOJbI. AHAJIOTOBBIN WU HENpPepvléHblil CUTHAJ OTPaKaeT ypo-
BEHb HAIIPAKEHUA NIV TOKA, COOTBETCTBYIOIIUI HEKOTOPOU (pusuue-
CKOU BeJIMUYMHE B KaKAbII MOMEHT BpeMeHU. ITOT YPOBEHb MOJKET OT-
HOCUTBHCS K TeMIlepaType, HaBJIEHUIO, Becy, II0JOKEeHUI0, CKOPOCTH,
yactore u T. A. CJI0BOM, K JII000H (pH3MUECKO BeIUUYMnHE.

AmnasnoroBbie BXOIbl KOHTPOJIJIEPOB MOTYT UMETh Pa3JNUHBIE IIapa-
MeTPhl U BO3MOKHOCTU. TaK, K MX ITapaMeTpaM OTHOCSATCS: pas3psm-
"HocTh AIIII, nmama3oH BXOAHOTO CUTHAJA, BpeMA U MeTO] mpeobpaso-
BaHUsA, HECHMMETPUUHBIN uanm AudepeHIInaJlbHbIii BXOI, YPOBEHbD
mrymMa M HeJUHEeHHOCTh, BO3MOKHOCTh aBTOMATUYECKON KaJauOPOBKH,
mporpaMMHAas WX amllapaTHas pPeryJupoBKa KoadduiimeHTta ycue-
HUSA, puabTpanusa. Ocodble KJacchl aHAJOTOBBIX BXOJOB IIPEACTAaBJIS-
IOT BXOJbI, IIPeIHa3HAUEHHbBIE AJIA MOAKJIIOUEeHUS TePMOMETPORB COIIPO-
TUBJIEHUSA U TepMoIap. 37aech TpedyeTcsa MPUMeHeHWe CIeIraJbHOM
ammapaTHOW HOAIepP:KKU (TpexXToueuHoe BKJIIOUeHWe, MUCTOUHUKHU 00-
pasIoBOro TOKA, CXeMbl KOMIIEHCAIIUM XOJIOMAHOTO CIlasi, CXeMbl JUHe-
apusanuu u T. I.).

B chepe nmpumenenus IIJIK OmHapHble BXOABI WM BBIXOIBI Ha3bIBAa-
IOT OOBIYHO OUCKPemHblMU. XOTsI, KOHEUHO, 3TO He TOYHO. AHAJIOro-
Bole curHajbl B IIJIK ob6sa3aTenpbHO mpeobpasyoTcsa B MU(MPOBYIO, T. €.
3aBeIOMO AUCKPeTHYI0 (opMy mpencTaBiaeHusa. Ho B TEXHUUECKUX JO-
rymenrax IIJIK mro060ii (¢upMbl BBl BCTPETUTE MMEHHO yKasaHUE KO-
JIMYEeCTBa MUCKPETHBLIX M AaHaJIOrOBBIX BXO0J0B. IlosTomMy um majee B
KHUTe MBI COXPAHUM YCTOSABIIYIOCS 37€Ch TE€PMUHOJJOTHUIO.

IloMuMO «KJIacCHUECKUX» AUCKPETHBIX M aHAJOTOBBIX BXOJIOB-BBI-
xonoB mHorme IIJIK wummeroT cneyuaaus3upogartbvie 6x00blL-8bLX00bL.
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OHU OpMEHTUPOBAHBI Ha PabOTy ¢ KOHKPETHBIMU CIEeIUMDUUIECKUMU
JaTuYNKaMU, TPeOYIOINMMU OIpeaeeHHbIX YPOBHEHl CUTHAJIOB, HUTAa-
HUS U cHelmaJbHON ob0paboTku. Hampumep, KBagpaTypHbIe mudpa-
TOPBI, OJIOKM YIpPaBJE€HWS IIarOBBIMHU [JABUTATENAMU, HUHTepdenchl
IUCIJIEMHBIX MOJYJEH U T. .

Bxogpei-Beixonbl IIJIK He 006sd3aTelbHO HOJIMKHBI OBITH (DUBUUECKU
COCpeIoTOUeHBI B 00IIleM KOpPITyce ¢ MPOIeCCOPHBIM AapoM. B mocen-
HUE TOAbI BCe OOJIBINYIO MOMYIAPHOCTDS MIPUOOPETAIOT TeXHUYECKUE pe-
II€HUs, ITO3BOJISION[NE IIOJHOCTHIO OTKA3aThCA OT IPOKJIAIKKU Kale-
Jieli [OJIsi aHaJIOTOBBIX Ilemeil. BXOABI-BBIXOIbI BBIMOJHSAIOTCS B BUIE
MUHUATIOPHBIX MOJYJel, PacIoJIO:KeHHBIX B HEIOCPeACTBEHHON OJIu-
30CTH OT NATYNKOB W WCIOJHUTEJbHBIX MexaHuaMoB. CoequHenme
noacucTeMbl BBozga-BeiBozia ¢ IIJIK BhITTONIHSAETCS MOCPEACTBOM OIHOTO
obmero mu@dpoBoro Kabeas. Hampumep, B wuHTepdeiice Actua-
tors/Sensors interface mpumensercs MWIOCKUN TPOPUIUPOBAHHBIN
Kabeab («KeJThIll Kabesab») OJA Iepemadyyd JaHHBIX U NUTAHUS BCETO
0 ABYM IIPOBOZAM.

1.3. Pe:xum peasbHOTO BpeMEHHM M OTPAHUYEHU S
Ha npumeHenue IIJIK

15 MaTeMaTUUeCKUX CUCTEM XapaKTEePUCTUKOM KauecTBa PabOTHI
SABJISIETCA IPAaBUJIBHOCTD HAWAEHHOI'O pelleHus. B cucremax peajbHO-
ro BpeMeHU NOMHUMO IIPaBUJIBHOCTU PEIeHUs OIPEeNessIONIyi0 POJIb
UrpaeT 8pems peaxkyuu. JlormuecKu BepHOe pellleHue, MOJyUeHHOe C
3aIepPIKKOI 00Jiee HOIYyCTUMOM, He SBJIAETCS IPUEeMJIeMbBIM.

IIpurATO pas3IUYaATH CUCTEMBI JKECTKOTO U MATKOTO PeaJbHOTO
BpemMeHH. B cucremax iecmrozo peaivbH020 8peMeHl CYIIeCTBYEeT BbI-
pasKeHHBINT BpeMeHHO# mopor. IIpu ero mpeBbBIIIIEHUHN HACTYIIalOT He-
obpaTuMble KaTacTpopuuecKue MOCJAeCTBUA. B cucTeMax Mmsa2K020 pe-
aNbHO20 8PeMeHU XaPaKTEPUCTUKM CUCTEMBI YXYIIIAIOTCSA C yBeJnue-
HHEeM BpeMeHHU yIpaBjsmwolneli peaxkinuu. Cucrema MoxkeT paboTaThb
IJIOXO WJIU ellle Xy’Ke, HO HUYEro KaTacTpPopUUecKOro IPU 3TOM He
TPOUCXOIUT.

Knaccuueckuii moaxon AJs 3aJad KECTKOTO PeaJbHOTO BpPEeMEHU
TpedyeT IMOCTPOEHUS COObLMUILHO Ynpasasemoil cucmemol. [Iia KaK-
JIOr'0 COOBITUS B CHUCTEME YCTAHABIMBAETCS UETKO OIIPeesIeHHOe Bpe-
Ms peaKIUU W OIpeHesieHHbIN mpuopuTer. IIpaKkTmueckas peaamnsa-
IMUA TaKUX CHUCTEM CJIOKHA U Bcerpga TpedyeT TIaTesbHOI mpopaborT-
KU U MOJEJUPOBAHUS.
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Has IIJIK cyiecTBeHHOe 3HAUYEHUWE MMEeT He TOJbKO OBbICTPOIeli-
CTBME CaMOM CHUCTEMBbI, HO W BpeMs IIPOEKTUPOBAHUA, BHEAPEHUS U
BO3MOXKHOII OIIEPAaTUBHOMN HepeHaJaIKu’.

AbconrorHoe 6oabimmHCTBO IIJIK paGoraror mo merony nepuoduue-
CK020 Onpoca BXOJHBIX NaHHBIX (cKamupoBauwus). IIJIK ompamuBaer
BXO/bI, BBIMOJHSAET I0Jb30BATEJIbCKYIO IIPOrPAMMY U yCTAHABJIUBAET
HeoOXomuMble 3HaueHUA BBIXOHNOB. Crmemudura npumenenus ILJIK
00ycsI0BIUBaeT HEOOXOAMMOCTH OJHOBPEMEHHOT'O DEIIeHUA HECKOJb-
Kux 3agad. IIpukjgagHas mporpaMma MOJKET OBITh peajin30BaHa B
BHUJe MHOKECTBA JIOTUYECKU HEe3aBUCUMBIX 3aJa4, KOTOpPhbIe MAOJKHBI
paboTaTh OJHOBPEMEHHO.

Ha camom gene ITJIK nmeeT 06BIYHO ONMH IPOIECCOD U BHIMOJIHAET
HECKOJIbKO 3a7lau IICeBIOINapajiebHO, IIOCJIeI0BATEIbHBIMY TTOPIIUA-
Mu. Bpemsi peakiiuu Ha COOBITHE OKA3bIBAETCSA 3ABUCSIIUM OT UHCJIA
OJHOBPEMEHHO 00pabaThiBaeMbIX COObITHII. PaccunTaTh MUHUMAJIbHOE
¥ MaKCHUMaJbHOE 3HAUEHWSA BPEMEHU PeakIiii, KOHEUHO, MOXKHO, HO
mobaBjeHre HOBBIX 3ajau WJIM yBeJnWUYeHHe 00beMa IIPOoTrpaMMbl IpPH-
BeJleT K YBEJMUEHUIO BpeMeHU peakinuu. Takas Momeab 0oJiee MOAXO-
OUT AJs CHCTeM MATKOro peasbHOro BpemeHu. CoBpemenunie IIJIK
UMET TUIIOBOE 3HAaUYeHUe BpeMeHU pabouero IUKJA, KU3MepseMoe
eIMHUIIAMYA MUJLINCEKYHI 1 MeHee. [IOCKOJIBKY BpeMs peaxkiiuu 00JIb-
IMUHCTBA UCIOJHUTENbHBIX YCTPOMCTB 3HAUUTEJBHO BBIMIE, C Peaib-
HBIMU OTPaHUYEHUAMU BO3MOXKHOCTU mcuosb3oBaHua I[IJIK mo Bpeme-
HU IPUXOIUTCA CTAJIKUBATHCSI PETKO.

B HEKOTOPHIX CIydYasixX OTpaHUUYEHUEM CJHYKUT He BpeMs peaKIuu
Ha coObITHe, a 00A3aTeJbHOCTH €ro (puKcaluu, HaupuMmep paboTa c
JaTunKaMu, (OPMUPYIOIIUMU WUMIYJIbBCHI MaJIONl IJIUTEeIbHOCTH. ITO
orpaHUYeH’e IIPEOJ0JIeBAETCA CIeIHMAaJbHON KOHCTPYKI[MEH BXOOB.
Tak, cueTHBI! BXOJ MMO3BOJIAET (PUKCUPOBATH U IOACUUTHIBATH UMIIY-
JbCHI C TIEPUOAOM BO MHOTO Pa3 MEHBIIIUM BpPeMeHUW padouero IMUKJa
IIJIK. CmenmasmsmpoBaHHBIE WHTEJJIEKTYaJIbHBIE MOLYJIU B COCTaBe
IIJIK mo3BOJISIOT aBTOHOMHO OTpadaThIBaTh 3aJaHHble QYHKIUU, Ha-
HIpuMep MOAYJIN YIIPABJIEHUSA CEPBOIPUBOIOM.

1.4. Yeaosusa pao6ors! IIJIK

K meraTuBHBIM (paKTOpaM, OUPEAeJSIONINM IPOMBIIIJIEHHYIO Cpe-
Iy, OTHOCATCSA: TeMIepaTypa U BJIa’KHOCTh, yJapbl U BuUOGpaiud, Kop-
PO3MOHHO-aKTHUBHAsA rasoBasl cpefa, MUHepPaJbHas W MeTaJLJIudYecKas
ObLIb, BJIEKTpOMarHuTHble momexu (puc. 1.3). Ilepeuucsennnie dax-
TOPBLI, BEChbMa XapaKTepHbIe AJIs1 IIPOU3BOACTBEHHBIX YCJOBUI, 00Y-
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Puc. 1.3. Hacrpoiika 060pyaoBaHusa
(PAA3, r. PociaBab, CMmosieHCKAA 00.1.)

CJIOBJIMBAIOT JKECTKMEe TPeOOBaHUSA, OMpPemeJsionue CXeMOTeXHUYe-
CKUe pellleHnsd, SJIeMEeHTHYI0 U KOHCTPYKTuBHYI0 0asy IIJIK. B mpo-
mecce cepuiiaoro npousBoactsa IIJIK o0s3aTeIbHBIM ABISETCA TEXHIU-
YEeCKMH IIPOTOH TOTOBBIX W3JeJHNIi, BKJOUAIOIINNA KJINMATHUYECKUe,
BUOPAI[MOHHBIE W JPYTHWe UCIBITAHUSA.

IIJIK — 9TO KOHCTPYKTHBHO 3aKOHUEHHOE Hu3Jejire, (PU3UUecKoe
WUCIIOJIHEHUE KOTOPOT'0 OIpejesiseTcsi TpedyeMoil CTeleHbI0 3allUThI,
HauYMHAs OT KOHTPOJIJIEPOB B JIETKUX IIJIACTUKOBBIX KOPIIyCcax, IIPej-
Ha3HAYEeHHBIX JJIsd MOHTa)Ka B IKady (cremens samurhl [P20), u mo
TePMETUYHBIX YCTPOMCTB B JIMTHIX METAJINYECKUX KOpPIycax, IIpem-
Ha3HAYEHHBIX IJs PAbOTHI B 0CO00 »KECTKUX YCJIOBUAX.

IIpaBuIbHO MOAOOPAHHBINA MO YCAOBUAM SKCILIyaTAIllUU KOHTPOJI-
Jiep HeJb3s IIOBPEAUTDH U3BHE 0e3 MPUMEeHEeHUs 9KCTPeMaJbHBIX MeTO-
moB. IllraraeiMu mias IIJIK aBasioTcs Takue ammapaTHbIe perieHusd,
KaK IOJHasd TraJbBaHUUYECKAas PasBA3Ka BXOJOB-BBIXOJOB, 3aIlUTA IIO
TOKY W HAOPAKEHUI0, 3epPKaJbHbIEe BBIXOAHBIE KaHAaJbl, CTOPOKEBOM
TaliMep 3aadu 1 MUKPOIIPOIECCOPHOTO Aapa.

1.5. Uuarerpanusa IIJIK B cucremy ynpaBJjieHUS
NpeanpusITHeM

KoHTposiepsl TpaguImOHHO paboTalOT B HUKHEM 3BeHE a8moma-
Mmu3uposannsvlx cucmem ynpasaenus npeonpusmuem (ACY) — cuc-
TeM, HEIMOCPEeICTBEHHO CBS3aHHBIX C TEXHOJIOTHEH IIPOM3BOACTBA
(TII). TIJIK 0OBIYHO SIBJASAIOTCA IIEPBBIM IITArOM IIPU ITOCTPOEHUU CHC-
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Tem ACY. 910 00bsICHAETCA TeM, YTO HEOOXOJMMOCThL ABTOMATHU3AI[NI
OTAEJBHOTO MeXaHW3Ma WM YCTAaHOBKHU BceTZa Hambojee OUueBUIHA.
Ona gaeT OBICTPBLIN SKOHOMHUECKHUN a((deKT, yaydiinaer KaduecTBO
IPOM3BOJCTBA, II03BOJIsIET M30eaTh (PU3UUYECKU TSKEJIOM U PYTUH-
HOM paboTbl. KOHTPOIIEPHI MO OMpemesieHruI0 CO3MAHLI MMEHHO IJIs
TaKO# paboThI.

Haseko He Bcerga ygaeTca CO3LATh MOJHOCTHIO aBTOMATHUECKYIO
cucremy. JacTo «obIee pyKOBOACTBO» CO CTOPOHBI KBAJTU(MUIIUPOBAH-
HOT'O 4eJIOBeKa — AuclieTyepa HeoOxommmo. B oTimuwme oT aBTOMATH-
YECKUX CHUCTEM YIIPABJIEHUA TaKUe CUCTEMbI HABHLIBAIOT A8MOMAMUIU-
posarnnvimu. Emte 10 — 15 sier Ha3ag AMCIETYEPCKUN TYJIbT yIIpaBJie-
HUA TPENCTaBIAJ cO000ii Tabs 0 C MHOMKECTBOM KHOIIOK U CBETOBBIX
WHAWKATOPOB. B HacTosIee BpeMs MOJ00HBIE IMYJIbTHI MPUMEHAIOTCS
TOJIBKO B OYEHBb IIPOCTHIX CJIyYasaX, KOTZA MOKHO ODOUTUCH HECKOJb-
KUMU KHOIIKAMHM U WHIWKaTopaMu. B 0oJjiee «Cepbe3HBIX» CHUCTEMaX
npumensamorca IIK.

TloaBucA IeJsBIli KJacc IPOTPaAaMMHOTO O0ecIleUeHUA peasn3ylio-
miero uHTepdeiic venosek—mawura (MMI). 9To Tak HasbIBaeMbIe CHU-
creMbl cOOpa MAHHBIX M OMNEPATHUBHOIO AUCIIETUYEPCKOTO YIIPABJIEHUS
(Supervisory Control And Data Acquision System — SCADA). Cospe-
meHHbIe SCADA-cucTeMbl BBIIOJHSIOTCA C 0043aTEeJIbHBIM IIPUMEHEe-
HUEeM CPeICTB MyJabTHUMeara. IIoMUMO KHUBOr0 0TOOpaKeHUs IIpoliecca
TPOMBBOJICTBA, XOPOIIINE AUCIETUEPCKUE CUCTEMBI IIO3BOJIAIOT HaKAall-
JINBATh IIOJIyUeHHbIe JTaHHbBIE, IPOBOAAT UX XPaHEHUe U aHAJIu3, OIpe-
IeJISIOT KPUTUYECKNEe CUTYallud U IIPOU3BOAAT OIOBEIlleHNe IepcoHa-
Jia IO KaHajJaM TesJe(DOHHOM M pajuoCeTH, MO3BOJIAIOT CO3/aBaTh CIIe-
Hapuu yupasienusa (Kax mpasumio, Visual Basic), popmupyroT nanubie
UL aHAJIN3a DKOHOMUUYECKUX XapaKTePUCTUK IIPOU3BOACTBA.

Cosmanue CUCTEM AWCIETUEPCKOTO YIIPABJICHUS SBJISIETCS OTHENb-
HBIM BuaoM OusHeca. Pasmenenme mpoussozactBa IIJIK, cpemcTB mpo-
TPAMMUPOBAHUSA U [OUCIETUEPCKUX CHUCTEM IIPUBEJIO K IIOABJIEHUIO
cmaHnO0apmHulX NPOMoKoL08 o6meHa O0anHbimu. HanbobIIyio u3BecT-
HocTh nmoayumia rexuosgorus OPC (OLE for Process Control), 6asupy-
romtasgica Ha mexanuame DCOM Microsoft Windows. Mexanusm guHa-
muueckoro obomena mamubiMu (DDE) mpumensercsa moka ele mocTta-
TOYHO IINPOKO, HECMOTPA Ha TO UTO TPEOOBAHUSIM CHCTEM PeaJbHOTO
BpeMeHU He YIOBJIETBOPSET.

Bce sTO0 «MHOroOsTa)kHOE» O0OO0BICHEHNE NPU3BAHO IIOAUYEPKHYTH
emfe ofHO HeMasoBaskHOe mpemmyinectBo IIJIK — cpencrBa cucreMm-
HOIl WMHTerpaiuu SBJSIOTCA COCTABHOW dYacThio 0a30BOTO IIpOrpaM-
MHOTO obOecrneueHusi copemennoro IIJIK (puc. 1.4). MomycTum, BBI
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HaIWCaJW W OTJAAWJIA aBTOHOMHBIN IIPOEKT Ha KOHTPOJLIEpe IIPHU IIO0-
MoIIU cucTeMbl moAroToBKu mporpamm CoDeSys. Kaxk Temeps HYMKHO
mopaborars mporpamMmy, uToObl cBA3aTh IIJIK ¢ cucTemoii gucmeruep-
CKOro yIIpaBjeHus, 0a3oil gaHubiX uau HuHTepHeT-cepBepom? OTBer:
HuKak. HUKaKoro mporpaMMUPOBaHUSA gajiee BOOOIe He IIOTpedyer-
ca. B kommiaexc mporpamvupoBanusa ILJIK Bxomutr OPC-cepsep. Ou
yMeeT moJydarh moctyn K gaHHbBIM IIJIK Taxkike mpospauHo, Kak u
oramaguuk. J[locTtaTouHo obecreuyuTh KaHaJ mepemaun gauHbrx ITJIK —
OPC-cepBep. OOGBIYHO TaKOM KaHaJl yiKe CYIIeCcTBYeT, BhI MCII0JIb30Ba-
JIX ero IIpU oTJajgKe. Bes manbpHedInas paboTa CBOAUTCSA K OIpezeJe-
HUIO CIIMCKA MOCTYIHBIX HMePeMeHHBIX, MPAaBUJLHOM HACTpPOiiKe ceTH,
roudurypupoauuio OPC-cepsepa u SCADA-cucrembl. B mesom, ore-
paius oueHb HAIOMHHAET HACTPONKY OOIIeNOCTYIIHBIX YCTPONCTB JIO-
rasmbpHOM cetu ITK.

Bropoit wacTo BO3HHMKAIOIIEN 3amadell ABJAAETCA WHTeTrpanud He-
cxkoabkux IIJIK c mesnbio cuHXpOHM3AMU WX PAOOTHI. 31ecCh IIOABJIS-
I0TCSA ceTu, obJafamplnue psaaoM cieinuduuecKux TpeboBaumuii. B 1e-

Opl"aHbI Ob6bekt JI——
BO3JencTBIS ynpasneHus

A

MniK <

YcnoBusi NpOMBbILLNEHHOM

cpeasl  Goemeeeeee e 1 el
% * Certb fieldbus i
)

CucTema nporpaMMypoBaHus
v oTnagkm

;

JlokanbHas ceTb

[ ] e

c LI
gaH:EIiegPC Il

Cnyx6bl ACY
BEPXHEro ypoBHsi

PaGouee mecTo onepaTtopa ACY

Puc. 1.4. Mecro IIJIK B ACY TII
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JIOM 9TO TpeboBaHUA, aHaJornuubie TpeboBanuam K IIJIK: pexxum pe-
aJIbHOTO BPEMEHM, HAIeyKHOCTh B YCJIOBUAX ITPOMBIIILICHHON CpeIbI,
PEMOHTOIIPUIOAHOCT, IIPOCTOTA MIPOrpaMMHUPOBaHms. Taxkoil KJacc
ceTell moayumns HasBauue npomviuiaeHnwvlx cemeil (fieldbus). Cymiect-
ByeT Macca (GMPMEHHBIX Pean3aluil U JOCTATOYHO MHOTO CTaAHAAPTOB
rakux cereii (Bitbus, Modbus, Profibus, CANopen, DeviceNet), mo-
3BOJIAIONINX WMHTErPUPOBATH alllapaTypy PasIudyHBIX (GUPM, HO HU
OIVH W3 HUX HEJb3s MPU3HATH JOMUHUPYIOIIM.

Bnaromapsa DpOAYKTHBHOMY PA3BUTHUIO CPEJNCTB CETEBOII MHTETrpa-
UM MOSBUJIACH BO3MOXKHOCTH CO3TAHUS PACNPEOeseHHbLX CUCmeMm
ynpasnenus. B 80-x rr. XX B. mommuuposasu IIJIK ¢ uuciom BXO-
IOB-BBIXOJIOB HECKOJIBKO COTeH. B HacTosIee BpeMs OOJIBIIUM CIIPO-
coM 110Jb3yI0TCsa MUKPOIIJIK ¢ KosnuecTBOM BXOHOB-BBIXOHOB m0 64.
B pacupenenennbix cucremax raxaprii IIJIK permmraer siokanbpHYIO 3a-
mauy. 3afjlaua CUHXPOHUBAIMU YIPAaBJIEHUS BBIMOJHAETCS KOMIIbIOTE-
pamu cpenuero 3Bena ACY. PacmpemeneHHble CHCTEMbI BBINTPHIBAIOT
IO HAJEKHOCTH, TMOKOCTM MOHTAa)Xa M IIPOCTOTE OOCIY KUBAHUA.

1.6. JocTynmHOCTH IIPOTrPaMMUPOBAHUA

TmaBubiM TpeboBanuem K IIJIK Bcerga Oblnia m OCTaeTCs BO3MOIK-
HOCTBH €ro HKCILIyaTalldM CYIIeCTBYIOIMM TeXHUYECKUM IIepPCOHAJIOM
¥ BO3MOXKHOCTh OBICTPOI 3aMeHBI cTaporo obopymosanus. IlosTomy
A3BIKN IIPDOTPaMMKUPOBaHUA KOMIIBIOTEPOB MW BCTpaMBaeMBbIX MHUKPO-
IIPOILECCOPHBIX CHUCTEM YIIPABJEHUA IJIOXO MOAXOAAT AJIA IIPOrpaMMU-
posauus IIJIK. 3mech HYKHBI 0oJiee IPOCTbIe M HATJISAAHBIE SI3BIKH,
O3BOJIAIOIIME M3JIaraTh 3amady B OJM3KUX K IIPUMEHSAEMBIM TEXHO-
JOrusAM KaTeropusax. [IpuBiieueHue ke K IPOrpaMMUPOBAHUIO CIIEIIN-
aMM3UPOBAHHON (PUPMBI HEM30EIKHO IIOPOMKIAET 3aBUCUMOCTb, €CJIU
peanuzanus He ABJIAETCA AOCTATOYHO MMPO3pauHoil. CIOMKHBIA S3BIK
nporpammvmupoBanua IIJIK cuHm:xaer ero mramchbl Ha KOHKYPEHTHOM
PBIHKE CYIIECTBEHHO OOJIbIIIe, YeM MaccorabapuTHBIE ITOKAa3aTesn.

1.7. IlIporpammusri IIJIK

IIporpaMMHBIe TPUIOKEHUA, WMUTUDPYIOIHe TexHogoruoo IIJIK
Ha KOMIIbIoTepe (OCHAIIeHHOM ILJIaTaMH BBOJA-BHIBOA), IIOJYUUJIU
HagBauue npozpammiubtii IIJIK (soft PLC). IlporpaMmMmHuas sMyaaIius
ITJIK yno6Ha Tem, uTo O6Jaromapd HAJIWUYWIO MHOTO33JaYHOM OIepaIiu-
OHHOM CHCTEMBI MOKHO COBMECTUTHh B OJHOM MeCTe KOHTPOJLIED, Cpe-
Iy MPOrPAMMUPOBAHUS W CUCTEMY IHCIETYEPCKOr0 YIIPABJIEHU.
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CylIiecTBeHHBIN MUHYC TaKOT'0 peIIeHus — OO0JIbIIIoe BPeMsl BBIXO-
Ia Ha pabouyuil peXWM IIOCJe BKJIIUEHUA NMUTAHUA WUIU 3aBUCAHUA
KoMubioTepa. OCOGEHHO OIIACHO, €CJIM IIePe3anyCK IIPOM3BEJ «CTOPO-
JKeBOM TaliMep» B aBTOMATHUYECKOM DPEyKUME, B TO BpeMdA KaK COCTOs-
HUE UCIOJHUTEIbHBIX MEXaHU3MOB HE COOTBETCTBYET UCXOIHBIM ITO3M-
muaM. 3arpy3Ka oneparuoHHON CUCTEMBI MOKET OTHUMAThH HECKOJIBKO
MHUHYT, BCE 9TO BpeMs CHCTeMa OKal3bIBaeTcda HeyIpasiasemoin. [lia
I1IJIK BpeMs «XOJIOGHOTO» 3allyCKa M3MepPAeTCS MUJLINCEKYHIAMU.

s moctuskeHus cpaBHUMBIX ¢ IIJIK TexHWYecKMX IoKasaTeJsei
0 HAAeXKHOCTU KOMIIBIOTED, KOHEUHO, HOJKEeH OBITh IPOMBIIIJIEHHO-
ro ucnosiHenud (Ha 6asze marucrpaseir PC/104 nwiu VME), a e pemre-
BBIU O(DUCHBIN «Nn0O name».

1.8. Pa0ounii muKJI

3amaun yupaBJeHUs TPeOYIOT HEeIIPePhIBHOTO MUKJIMYECKOTO KOHT-
poisi. B m06bIX Mu(POBBIX YCTPOHMCTBAX HEIIPEPBIBHOCTD JOCTUTAETCS
3a CUeT IPUMEHEHUS NUCKPETHBIX aJTOPUTMOB, ITOBTOPSIOINIMXCA Ye-
pe3 IOCTAaTOUYHO MaJible IMMPOMEKYTKU BpeMeHH. TakuMm o0pasoM, BBI-
yucyaenusd B IIJIK Bcerma mosTopsAoTea nukanuecku. Onma urepaius,
BKJIIOUAIOIAsi 3aMep, 00cueT U BLIPAOOTKY BO3IeIiCTBUS, HA3LIBAETCS
pabouum yuxaom IIJIK. Beimomusemble MeHCTBUA 3aBUCAT OT 3HAUE-
HUS BXOJOB KOHTPOJLIEPA, IPEALIAYIIEr0 COCTOIHUA U OIPeaeITI0TC
I0JIb30BATEJIbCKOI IIPOrPaMMOIA.

ITo Bratouenuio nuranus IIJIK BuImogHSeT camMoTecTHpPOBaHUNE U
HACTPOUKY AaIllapaTHBIX pPEeCcypCcoB, OUUCTKY OIEePATHUBHOI ITaMATH
ma"HHbIX (0O3Y), KOHTPOJb IIEJOCTHOCTH MPUKJIATHON MPOrpaMMbI II0-
ab3oBaTensi. Ecim mOpuKIagHas mOporpaMMa COXpaHeHa B IIaMATH,
IIJIK mepexoAuT K OCHOBHOU paboTe, KOTOpas COCTOUT M3 ITOCTOSH-
HOT'O IOBTOPEHUSA IIOCTIENOBATEJIbHOCTU AeNCTBUM, BXOAAIIUX B pabo-
Yuil YuKJ.

Pa6ounit muka I1JIK cocTrouT m3 HecKoabKUX (has.

1. HauaJso nmukJa.

2. UreHHne COCTOAHUA BXOLOB.

3. BrimosiHeHme Koma MporpaMMbI MOJIb30BaTE .

. 3anuch COCTOSTHUSA BBIXOIOB.

. Obcay:xkuBanme annapaTHbeix pecypcoB ILJIK.
. MoHUTOp cHCTEeMBI MCIIOJTHEHUS.

. KouTposb BpeMeHU IUKJIA.

00 3 & Ot

. Ilepexon Ha HauaJI0 IIUKJIA.
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B camom nauane mumkiaa IIJIK nmpousBoauT (pusmueckoe UTEHUE
BxomoB. CumTanHble 3HAUEHUSI PAa3MeIaloTcs B 00J1aCTU MaMATHA BXO-
noB. Takum oOpasoM, co3maeTcsA MOJHAS OJHOMOMEHTHAA 3epKaJbHAA
KOIIUS 3HAUEHUN BXOIOB.

Haiee BBITIOJIHSETCS KO N01b308amMebCKoil npozpammot. Iloabso-
BaTeJbcKasa IIporpaMMa paboTaer ¢ Komuel 3HaUeHUH BXOJOB U BBIXO-
OB, pasMeIeHHOM B OIepaTHUBHON ImaMATH. Eciam IpuUKJIagHaAA IPO-
rpaMMa He 3arpysKeHa WJIM OCTaHOBJIEHA, TO AaHHadA (asza pabouero
IUKJA, eCTeCTBEHHO, He BBIMOJHseTcs. OTIaguyuK CUCTEeMBI IIpOrpaM-
MHUPOBaHUS MMEET JOCTYN K 00pa3y BXOMOB-BBIXOJOB, UTO ITO3BOJISET
YIOPAaBJISATh BBIXOJAMU BPYUYHYIO U IIPOBOAUTH HCCJIEJOBAHUS PabOTHI
JaTUNKOB.

ITocse BBIMONHEHUA HOJIB30BATEIBCKOTO Koga (hU3UUECKUE BBIXO-
ol IIJIK mpuBOoAATCA B COOTBETCTBUE C PACUETHBIMU 3HAUEHUAMU
(dasa 4).

Obcnys:kuBaHme ammapaTHbIX PeCypcoB IIogpas3yMeBaeT obeciieue-
HUe paboThl CUCTEMHBIX TaliMepOB, YaCOB PeajbHOIO BPEMEHH, OIepa-
TUBHOE CAMOTECTHUPOBAHNE, WHAMKAIIWIO COCTOSHUS W APYrue amia-
paTHO-3aBUCUMbIE 3aJaUM.

MoHUTOP cucmemvl UCNOJHEHUS BKJIIOUYAET 0OJIBIIIOE UYNCI0 PYHK-
Ui, HeOOXOAMMBIX TIPU OTJIAAKE ITPOTrPaMMBbI I 00eCIeueHUN B3auMO-
IefiCTBUSA C CHUCTEeMOIN MHpPOrpaMMHUPOBAHUS, CEePBEPOM [TaHHBIX U Ce-
Thi0. B QYHKIIMU CUCTEMBI UCIIOJHEHUA OOBIUHO BKJIIOUAETCA: 3arpys-
Ka KoJa IpOorpaMMbI B OIEPATHUBHYIO U JJIEKTPUUYECKHU Ieperporpam-
MUDPYEMYIO TaMATh, YIPaBJeHUE IOCJIEI0BATETbHOCTHIO BBLITIOJTHEHUA
3ajjauy, OTOOparkeHUe IMPOoIlecca BBINOJHEHUS IIPOTPaMM, IIOIIAroBoe
BBIIOJIHEHUE, 00ecIlleueHre MPOCMOTPA M PeJaKTUPOBAHUA 3HAUECHUMU
mepeMeHHbIX, GUKCAIlUA U TPACCUPOBKA 3HAUEHUN ITepeMeHHbIX, KOH-
TPOJb BPEMEHU ITUKJA U T. 1.

ITonbp3oBaTenbcKas mporpaMMma padboTaeT TOJIBKO ¢ MTHOBEHHOM KO-
nueit BxomoB. TakuM o06pa3oM, 3HAUEHUS BXOJOB B IIPOIIECCE BBITOJI-
HEHUs II0JIb30BATEJBbCKON MPOrpaMMbl He M3MEHSIOTCA B IMpemesax
ogHOr0o pabouero IMUKJA. ITO PYHIAMEHTAJIbLHBIM HOPUHIIUI IOCTPOE-
aua IIJIK ckanupyowezo muna. Takoil mOAXOM MCKJIOUAET HEOLHO-
3HAUHOCTb AJTOPUTMa 00PAbOTKM MAHHBLIX B PA3JUUYHBIX €TI0 BETBAX.
Kpome Toro, urenme Komuum 3HaueHus Bxoja u3 O3Y BBINMOIHAETCS
3HAUHUTEJIbHO OBICTPEe, UeM IIPSIMOe UTeHHre BXOoAa. AIapaTHO UTeHUe
BXOZa MOJKET OBITH CBA3aHO C (D)OPMUPOBAHMHEM OIIPEAeJIEHHBIX Bpe-
MEHHBIX WHTEpPBAJIOB, Tepefaveil II0CIeIOBATENIBLHOCTH KOMAaHI I
KOHKPETHO! MHKPOCXEMBI MJIM Ja)ke 3alpoCOM IO CEeTH.

Ecnnu 3arJIAHYThb I‘JIY6>Re, TO HYXHO OTMETUTH, UYTO HE€ BCerjga pa-
0oTa IO UTEHUIO BXOOOB IIOJIHOCTHIO JIOKAJIM30BaHa B (1)8.39 YTeHUudA
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BxomoB. Hanpumep, AILIl o6b14HO TPeOYIOT ONpeAeIEeHHOTO BPeMeHU
C MOMEHTa 3amycKa IO CUNTHLIBAHUS M3MEPEeHHOTo 3HaueHus. YacTb
paboTsl cuCTeMHOE IIPOrpaMMHOEe obecmeueHre KOHTPOJIIepa BBIMOJI-
HSIeT II0 IpepPLIBAHUSAM. I'DaMOTHO peaym30BAHHAS CHUCTEMAa WCIIOJIHE-
HUS HUTAE W HUKOTIA He MCIOJb3YyeT IIYCThIe ITMKJLI OKUIAHUS TO-
TOBHOCTH alIaparypsl. s OPUKJIATHOTO IMIPOrpaMMUCTa BCe 3THU
meranu He BayKHBI. CyIIIeCTBEHHO TOJBKO TO, UTO 3HAUEHUS BXOIOB
O00HOBJISAIOTCS AaBTOMATHUYECKM WCKJIOUUTEJLHO B Hadale KaKIOTO
pabouero muKJAa.

Ob11ad TPOTOIKUTENbHOCTh pabouero mukjaa IIJIK maswiBaeTcs
8pemeneM CKAHUPOB8aHus. BpeMs CKAaHMPOBAHUSA B 3HAUUTEJIbHON CTe-
eHW OmpeesisieTcsi JJIUTEeTbHOCThIO (hadbl KOZa I0Jb30BATEIHCKOM
nporpaMMbl. Bpems, sanuMaemMoe npounMu (asamu pabouero IukKJa,
OpaKTUYECKU SBJIAETCS BEJUUYNHOI mocTossHHOU. I[yid 3amauu cpenHe-
ro oobema B IIJIK ¢ cucremoii ncnonnernus CoDeSys Bpemsa pacmpeje-
autcsa npumepHo Tak: 98% — moabs3oBaresbcKasi mporpamma, 2% —
BCE OCTAJILHOE.

CylecTBYIOT 3agaur, B KOTOPBIX ILJIaBaoIllee BpeMs IIMKJA CyIIe-
CTBEHHO BJIMSET HA Pe3yJbTaT, HAIPUMEDP 3TO aBTOMATUYECKOE Pery-
aupoBaumue. [ ycTpaHeHusa 5Toi mpobsembl B pasBuTbix IIJIK mpe-
IYCMOTPEH KOHTPOJIb BPEeMEeHU IUKJAa. ECIu OTAesbHbIe BETBU KOIA
YIIPABJISIONIEN MPOTrPaMMBbl BBIIOJHSIOTCS CIAUIIKOM OBICTPO, B pado-
Yyuil IUKJ A00aBjiseTcsi MCKYCCTBEHHAsd 3ajep:KKa. Ecaum KOHTPOJIb
BPEMeHU ITUKJA He IPeAyCMOTPEeH, MOJ00HbIe 3aaUul IPUXOIUTCS pPe-
IaTh UCKJIIOUYUTESIBHO II0 TaliMepaM.

1.9. Bpemsa peaxknuu

Bpemsa peaxuyuu — 9TO BpeMsa C MOMEHTAa M3MEHEHWS COCTOSHUA
CHUCTEeMBI O MOMEHTa BBIPAOOTKH COOTBETCTBYIOIIEH peakmnuu. Oue-
BupHO, 1A [IJIK BpeMs peakiuu 3aBUCHUT OT pacIipeiesieHus MOMEH-
TOB BOBHMKHOBEHUs COOBITUS M Hauaja (assl uTeHUs BXOAOB. Ecuum
M3MeHeHNe 3HaUeHNH BXOJI0B MPOUIOIII0 HETIOCPEACTBEHHO nepen da-
3011 UTEHUs BXOMOB, TO BpPeMs peakIuu OyAeT HAUMEHBIITUM U pPaB-
HBIM BpeMeHU cKaHupoBaumudA (puc. 1.5). Xyammuil caydaii, Korjga us-
MeHeHVe 3HAaUeHUI BXOJOB IIPOMCXOAUT cpasy mocye (asbl YTEeHUA
BxomoB. Torza BpeMs peaknuu OyaeT HamOGOJbIIINM, PABHBIM YIBOEH-
HOMY BpPEeMeHU CKaHUPOBAHUSA MHUHYC BPEMs OJHOTO UTEHUS BXOJOB.
WNuvimu ciaoBamu, Bpemsa peaxiuu ILJIK He mpeBnIiiaeT yaBOEHHOTO
BpeMeHU CKAaHWPOBAHUS.
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Linkn ckanupoBanus

YUreHne Koa nporpammel YctaHoBka | Mpouyne
BXOA0B ynpasneHus BbIXO[0B hasbl

Bpewms peakuuu 4{

Puc. 1.5. Bpemsa peaxuuu IIJIK

CobbiTue

ITomumo Bpemenu peaknuu IIJIK, cyiiecTBeHHOEe 3HaUeHHE MMEET
BpeMs peakIiuy JAaTUMKOB U HCIOJHUTEJIbHBIX MEXaHHU3MOB, KOTOPOE
TaKKe HeoOXOAMMO YUYHUTHIBATH IIPU OIleHKe OOIIero BpPeMeHHU peak-
AU CUCTEMBI.

Cymrectsyior IIJIK, KoTophle peanlns3yoT KOMaHIbI HEIIOCPEICTBEH-
HOT'0 JOCTyIHa K almapaType BXOAOB U BBIXOHO0B, UTO II03BOJIsIET obOpa-
6aThIBATh U (POPMUPOBATHL OTAEJIbHBIE CUTHAJBI C AJUTEJIBHOCTHIO Me-
HBIIIeH IJIUTEJbHOCTH pabouero IuKJa.

151 yMeHbBINIeHUs BPEMEHU PeaKIINM CKAHUPYIONIUX KOHTPOJLIEe-
POB aJITOPUTM IIPOTPaMMbI pa30MBaeTCs Ha HECKOJLKO 3a7ad C pas-
JIMYHBIM I€PUOJOM HCHOJHEeHUs. B HauboJiee pasBUTHIX CUCTEMAaX IIO-
JIb30BaTeJb MMeEeT BO3MOKHOCTH CO3MaBaTh OTAEJbHBLIE IIPOTPAMMEI,
HUCIIOJHAEMBIE II0 IPEPBIBAHNIO, IIOMUMO KOJia, MCIIOJHAEMOTO B pabo-
yem nukJje. Takas TexHuka moaBoJser IIJIK cymiecrBernno gopcupo-
BaTh OTpaHUUYEHNEe PeaKIIN BpeMeHeM CKaHUPOBAHUA MPU HEeGOIBIITOM
KOJIMYECTBE BXOMOB, TPEOYIOIUX CBEPXCKOPOCTHOM PEaKIIuU.

Bpemsa yukaa ckaHupo8aHus ABJseTca 0a30BBIM IIOKal3aTejeM ObI-
crpozetictBusa IIJIK. IIpu uamepenunu BpeMeHHU pabouero mMuKJa MOJb-
30BaTeNbCKasl IIporpaMma [OOJKHa cogepskats 1K sormueckmx
rkomaua. Hua ILJIK, mogmep:xkuBaromux crangapt MOK 61131-3, wuc-
TOJIB3YIOT KoMaHAbl Ha A3bike IL. MHOrZma mM3roToBUTENN TPUBOLAT
HECKOJIbKO 3HAUeHUI BpPeMeHU ITHMKJa, IOJYUYeHHBLIX Ipu pabore c 1me-
PEeMEeHHBIMU Pas3JINYHON PaspATHOCTH.

OpHUEeHTUPOBOYHO O CKOPOCTU OOPabOTKU Pas3IUUYHBIX THUIIOB OAH-
HBIX MOKHO CYIUTH II0 TAKTOBOH YACTOTe M Pa3pPATHOCTU IEHTPAJb-
HOTO IIpoIeccopa. XOTd HET HUYEro YAMBUTEIBHOTO B TOM, UTO BOCh-
mupaspanuabsie IIJIK He penxko okaswbiBaioTcsa ObicTpee 32-paspsgHBIX
OpU BHIIOJHEHUU OUTOBBIX omeparuii. O0bACHIETCSA 3TO TE€M, UTO B
8-paspAmZHBIX MHKpPOIIPOIleccopax 0oJiee pacopocTpaHeHA amllapaTHas
monaepsxKa padorel ¢ buramu. Takx, B PC-coBMeCTHMBIX IIpoOIleccopax
LA BBIZIEJIEHUA OUTa IPUXOAUTCA MCIOJH30BATh JIOTMUECKVE KOMAaH-
Ibl U [MUKJIUYECKUHA CABUT.
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1.10. ¥Yerpoiicteo IIJIK

Annaparuo IIJIK aBigeTcAa BuIUMCAUTENbHON MamuHoi. [TosaTomy
apXUTEKTypa ero IIPOIeCCOPHOTO fAApa IPaKTUUYeCKU He OTJINUaeTCd
OT apXUTEeKTYyPhl KoMObloTepa. OTIMYMsA 3aKJIOUEHBI B COCTaBe IIEPU-
(depuitHOTO 060PYOBAaHUA, OTCYTCTBYIOT BHUIEOILIATA, CPEACTBA PYU-
HOTO BBOJA U qUCKoOBas mogcucrema. Bmecto Hux IIJIK mmeeT GJioKu
BXOJIOB U BBIXOJIOB.

I1IIlIIIIII |-

T H 1 -] Aleve-Eeardiey

- POWER I/

= ",':I'.'” I MicroLogix

= FORCE 1 T
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Puc. 1.6. IIJK MicroLogix 1000 npoussoacrea Allen-Bradley (Rockwell
Automation), CIITIA

KOoHCTPYKTUBHO KOHTPOJIJIEPHI IIOAPA3HEJISI0OT HAa MOHOOJIOUHEBIE,
MOJIYJbHBLIE W pacipenesieHHble. MoOHOOJOUHBIE, WM OJHOILIATHEIE,
IIJIK umeroT (pUKCUPOBAHHBIN HAOOP BXOJOB-BBIXOJO0B. B MOAYJIBLHBIX
KoHTpoJiepax (puc. 1.7) MOAYJaM BXOZOB-BBIXOJOB yCTaHABJINBAIOTCS
B Pa3HOM COCTaBe M KOJHNUYECTBE B 3aBHCHUMOCTH OT TPeOyeMoil KOH(U-
rypanuu. Tak pgocTuraeTcss MUHHMAaJbHAs ammapaTHas HW30BITOU-
HOCTHb. B pacmpeesieHHBIX CHCTeMaX MOAYJIW WU Oake OTAeJbHbIe
BXO/JBI-BBIXOJBLI, O0pasymolne eIUHYI0 CHCTEeMY YIIPaBJEHUS, MOTYT
OBITh Pa3HEeCEeHbI Ha 3HAUMNTEJNbHBIE PACCTOSHUS.

XapaKTepHBIM [AJS COBPEMEHHBLIX KOHTPOJIJIEPOB SABJAETCS KCIIO-
JIb30BaHNE MHOI'OIIPOIIECCOPHBLIX pellleHuii. B aTom ciayuae Momyim
BBOJIa-BBIBOJIa WMEIOT COOCTBEHHBIE MUKPOIIPOIIECCOPHI, BBITIOJHSIIO-
e HeoOXOAMMYIO MpeaBapUTeIbHYI0 00paboTKYy MaHHBIX. Momynb
IeHTPAJIBLHOr0 IIPOIECCOPA MMEET BBIJEJEeHHYI0O CKOPOCTHYIO MAarHCT-
pajb HOaHHBIX IJd PabOThl C IMaAMATHIO ¥ OTAEJBHYI0 MATUCTPAJb
(ceTh) mJia OOIEHUST ¢ MOAYJISAMU BBOJA-BBIBOIA.

Eme oguum Bapuantom moctpoenus IIJIK aBiserca me3oHuHHAA
mexHo02us. Bece cuiioBbIe Ienu, YCTPOICTBA 3aIlUThI KOHTPOJLIEpA
BBITIOJIHAIOTCA Ha Hecyeii miaarte. IIpoieccopHoe AApo KOHTPOJIEPa,
BKJIIOUAIOIIlee CUCTEMY HCIIOJHEHUS, BBIIOJHEHO Ha OTAEeJbHONH CMEeH-
HOM (Me30HMHHOI) miaTe. B pesysbTare mOsSBIsAETCS BO3MOMKHOCTD CO-
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Puc. 1.7. Monyasnas cuctrema MCTC npoussoacrea IIK «IIposor», Poccus

CTaBJIATH HECKOJbKO KOMOMHAIIMI IPOIIECCOPHOTO SApa U PA3HBIX CHU-
JIOBBIX ILIAT 0€3 HeOOXOIMMOCTU KOPPEKTUPOBKU IPOTPAaMMHOTO obec-
nevenusi. [Ipu HEOOXOAMMOCTH IIPOIECCOD MOYKHO 3aMEHUTH Ha’Ke B
TOTOBO# cucCTeMe.

Ha puc. 1.8 mokasano cBepxmunuatiopuoe saapo IIJIK Easy 215
(bupma Frenzel + Berg Electronic, I'epmanus), BBIIIOJHEHHOE B
BUJE MOZYJIA, PACCUUTAHHOTO HA YCTAHOBKY B CTAHIAPTHYIO KOJIOX-
Ky MuUKpocxeM, umeromux kopmnyc DIP40. HecmoTpsa Ha CKpPOMHBIE
pasMmepbl, MOAYJb BKJIouaeT 16-paspsamubiii mpoiteccop (Infineon
C164), mamMATh, [AHHBIX, DHEPTOHE3ABUCUMYIO IIaMATH IPOTPAMM,
BCTPOEHHOE AApo cucteMbl ucnosHeHua CoDeSys, 8 mucKpeTHBIX
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Puc. 1.8. Cpepxmunuatiopsusiii IIJIK Easy215 ¢ cucremoii nCIIOJTHEHU ST
CoDeSys
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BXOJIOB 1 8 BBIXOJIO0B, 4 aHAJIOTOBBLIX BX0Jla, 2 IIapHBIX BX0Ja KBajapa-
TYpPHBIX ImudpaTopoB, nuTepdeiicet RS232, SPI u obecmeunBaer pa-
6oty cetu CANopen.

1.10.1. CucremHOe U IIPHUKJIATHOE
IporpaMMHOe o0ecreueHmne

Cucmemnoe npoepammuoe obecneuenue (CIIO) HemocpeaCTBEHHO
KoHTpoaupyetr annapaTtHbie cperactBa IIJIK. CIIO orBeuaer 3a TecTu-
poBaHUe U WHAWKAIIUIO PabOThI MaMATHU, UCTOUYHUKA TUTAHUSI, MOIY-
Jeli BBoJAa-BbIBOJA U MHTEP(deicoB, TaliMEPOB U YacOB PeabHOTO Bpe-
menu. CucreMa MCIOJHEHUA KOAA IMIPUKJIAJHONU ITPOTPAMMBI ABJISAETCA
cocraBHOIl uyacThio CIIO. CucTemMa KMCHOJHEHUS BKJIOUAET NPaiBephI
MoAayJieli BBOJa-BBIBOJA, 3arpy3uyMK KoOJa IPOrpaMM II0Jb30BaTesd,
WHTepPIpeTaTop KoMaua 1 oTamounblii moHUTOP. Kox CIIO pacmouio-
skeH B I[I3Y u MoxkeT OBITh M3MEHEH TOJbKO uaroroBuresieMm ILJIK.

Kopm npukianHoii mporpaMMbl pasMeIllaeTcsa B 9HeProHe3aBUCUMOMN
maMATH, Yallle BCETO 3TO BJIEKTPUUYECKU IIePeIporpaMMUpyeMble MUK-
pocxembl. VaMeHeHUe KoAa MHPUKJIATHON IIPOTrPAMMBbI BBITIOJHSIETCS
noab3oBareseM IIJIK mpu momolnu cucTeMbl HPOTPAMMUPOBAHUSA U
MOJKeT ObITH BBITIOJTHEHO MHOTOKPATHO.

1.10.2. KonTpoas BpeMeHH pabouyero muKjaa

IIpaBuUIBbHO cOCTaBJIEHHAA MOJb30BaTeJIbCKadA IIporpaMMa He IO0JI-
JKHa COIEepKaThb 0eCKOHEUHBIX ITMKJIOB. B MPOTHMBHOM ciydae yIpaB-
JIeHVe CHCTeMe WCIOJHEeHUA He OymeT mepeiaHo, W, COOTBETCTBEHHO,
HOpMaJIbHOE (DYHKIIMOHUPOBaHNE KOHTpOJIIepa OyaeT HapyIeHo. s
PEO0JIeHUsT JaHHON MPOOBJIEMBI CIYKUT KOHMPOJLb 8PeMeHU UUKAA.
KouTposs ocyiecTBidgerca npu HOAAEPIKKe allapaTHO PeaJInu30BaH-
HOTO «CTOPOXKEeBOTO TaiiMepa». Eciau (asa moJb30BaTEIHLCKOTO KOZa
BBIIIOJIHSIETCA [OJIbIIIe YCTAHOBJEHHOTO IIOpora, To ee pabora Oyner
npepBaHa. TakuM 00pasoM, AOCTHUraeTCA NIPeNCcKas3yeMoe IIOBeIeHUe
IIJIK mpu omwubkax B mporpaMMe U IPU «3aBUCAHUM» II0 IPUUYMHE
anmapaTHBIX c0OeB.

OOcy:KuBaHME CMOPO}#Ce6020 mailmepa BBIMOJHAETCA B pabouem
ke IIJIK. BBITOJHATL 9Ty OmepaIinio Mo MpephbIBaHUI0 HeJIb3sd, II0-
CKOJIBKY IIPY «3aBHCAHHU» IIPOIlECCOPa CHCTeMa IIpephIBAHUI mocTa-
TOYHO YaCTO IIPOJOJIXKAET MCIPABHO PaboTaTh.
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B pmamnOI rI1aBe pacKpPHITH IPUYMHBI, IPUBEAIINE K HEOOXOIUMO-
ctu craggaprusanuu [IJIK, KpaTko ommcana ctpykrypa MOK 61131,
000CHOBAH BBIOOP SABBIKOB IIPOIPAMMMPOBAHUS KOHTPOJIJIEPOB BKJIIO-
yeHHBIX B cTaugapt MOK 61131-3.

2.1. OTKpBITBIE CHCTEMBbI

IIpuBsasaTh moTpedbuTesiell K CBOUM HU3NEINUAM — MeuTa JI00ro
mpousBogcTBa. C 9TOI IIeJIbI0 CEKPEThl TEXHOJIOTUU, IIO3BOJIAIOIINE
IOJIYyYUTEH BBICOKNE KauyeCTBEHHBIE ITOKA3aTeJU NPOAYKIIUU, JOJIKHBI
TIIATEJBbHO OXPAHATHCA. OTO KJIACCUUECKUUN 3akpuimultii nodxod. s
OTPeOUuTeNIA KeJaTeIbHO MMETh BO3SMOXKHOCTH COBMECTHO KCIIOJIb30-
BaTh u3nenaus pasHbIX GupM. Ho ¢ TOUKU 3peHUs IPOU3BOLUTENS 3TO
He BBITOJHO, IIOCKOJBKY IOBBIIIAET BEPOSATHOCTH TOTO, UTO 3aKABUUK
OTKa)KeTCsI OT HEKOTOPBIX MOKYIIOK B II0JIb3y KOHKYDPEHTOB.

Ha camoMm geJsie 3TO MOBEPXHOCTHOE 3aKJIOUEHNUE CIPaBedINBO He
Bcerga. Tax, ecau OpPOAYKIUA HABJIAETCA JOCTATOUHO TeXHUYECKU
CJOKHOU M HMeeT IINPOKYIO cepy IpPUMeHeHUU, TO YAOBIETBOPUTH
KasKkJoe KOHKPeTHOe MOKeJaHNe MHINBUAYAJIBHOIO 3aKa3UNKa MOUTH
HEBO3MOYKHO U goporo. HemoBoJbCTBO maske OLHOII MaJlOCyIIleCTBEH-
HOHM 1y OOJIBINIMHCTBA JETAaJbI0 MOXKET IIPUBECTH K OTKady OT IIPO-
OYKIIUU qaHHol (upmbl BoobOIe. IIpu mpousBoACTBe 3Ke COBMECTUMOI
OpONyKIuY (IMOAUMHEHHOI TPeGOBaHMAM OTKPBITOTO CTaHAapra) (up-
Ma IIPOMBBOJUTENHh MOJKET CKOHIIEHTPUPOBATHCA HA Pas3BUTHUU HaMbO-
Jlee yAauHBIX cBouX pemreHuii. He omacasdchk moTepATh 3aKa3umKa,
IIPOM3BOJUTENb MOMKET OTKa3aThCA OT HEBBITONHBIX IJIsA ce0d m3qesni
unu yacreir paborsl. Kpome Toro, 6sarogaps cOBMECTHMOCTU IIOABJISA-
eTcsl BOBMOYKHOCTDH BHEAPATH CBOU IlepeIOBbIe U3JeJUA faKe B IIOJIHO-
CTBHIO 3aXBaUYEHHBIX 00JIACTAX PHIHKA. Tak HauWHAIONIIVE KOJJIEKTUBBI
MOJyYaloT IITaHC MPOABUTH ce0A W HAWTU CBOE, MYCTh Aake He OUEHbD
00JIBIIIOE MECTO CPEAU IPOMBIIIJIEHHBIX TUTaHTOB. TeM caMbIM pacIIu-
pdeTca U caM PBIHOK. BBITOAYy OTKPBITOTO IIOAXOJa HAIJIALHO AOoKasa-
na pupma IBM Ha nmpumepe cBoux IIK.

B 1979 roxy B pamkax Me:xayHapoaHoi diaekTporexHudeckoit Ko-
muccunu (MOK) 6bli1a co3mana cueluagbHasd IPYNNa TEXHUUYECKUX dKC-
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neproB 1o mpobsemam IIJIK, BKJouas ammapaTHBIE CPeNCTBa, MOH-
Ta’X, TECTUPOBAHUE, TOKYMEHTAIINIO U CBA3b.

ITepBoIii BapuauT cramgapra ObLI onyoaunkoBan B 1982 rony. Bau-
Iy CJIOKHOCTH THOJIYUYMBIIIETOCA JOKYMEHTAa OBILIO peIrreHo pasduThb ero
Ha HECKOJBbKO uacTeil. B HacTosdAIlllee BpeMsa CTaHAAPT BKJIOYAET CJIe-
IYIOIlie YacTH.

Yacrs 1. O61ias uHDOpPMAIUA.

Yactp 2. TpeboBanus K 000PyIOBAHUIO I TECTAM.
YacTb 3. fI3BIKM IpPOrpaMMUPOBAHUA.

Yactp 4. PyKoBoAcTBa IMOJIB30BATEJIS.

Yactp 5. Cnenupukamusa cooOIIeHUH.

Yactb 6. IIpoMbIIIIIEHHBIE CETH.

YHactp 7. IIporpaMmmMupoBaHNe ¢ HEUETKOUN JIOTUKOII.

Yacts 8. PykoBoasAIire NPUHIUIB IPUMEHEHUS U peau3aliuu
as3pikoB ITJIK.

IlepBonauanbHO craHzapt mmea Homep 1131, ¢ 1997 roma MOK
mepeliiesl Ha 5-1mu@poBbie obo3HaueHHUA. Telmeps MpaBUJIbHOE HauMMe-
HOBaHIe MeXIyHapoaHoil Bepcuu crangapra — MIK 61131.

Hanee MBI cocpemoTouymMcsA TJIABHBIM 00pasoM Ha A3BIKAX IIPO-
TPaMMUPOBAHUA, ONMCAHHBIX B TPEeThbel YacTu craHpapra. s kpar-
KOCTH, €CJIN B TEKCTe yIoTpebAroTcA caoBa «cTaHnapt MOK», ciaeny-
et mouuMmaTh MOK 61131-3. IIpu ccblikax Ha Apyrue JOKYMEHTHI 0y-
IeT DaHO IIOJIHOE HauMeHOBAHUE.

2.2. IlenecoodpasHocTs BbiOOpa A36IKOB MIOK

Eciu mocmorperh Ha sa3bIKU cTanzapra MOK ¢ Touku 3peHus co-
BpeMeHHO! MH(MOPMATUKU, TO KaXKIbI WX HUX MOYKHO IIOJBEPTHYTH
ompaBaanuoii Kputuke (ocobenuno SFC). Beposrhno, 6n1i1o O0b1 6GoJiee
pasyMHBIM, OMUpPAasiCh Ha OMBIT HCIIOJb30BaHUSA Hambojiee MOIIYJIAp-
HBIX S3BIKOB, CO3IAaTh OAWH XOPOIIUN YHUBEPCAJBHBIA S3BIK. OTa
unes He HOBa. Bce crapoe mporpamMmMHOe oOeclieueHue AJIsi KOHTPOJLIe-
POB IPOCTO HYKHO OyIeT mepenucaTrh ¢ HyJasd. B yCI0BUSAX KOHKYPEH-
THOT'O IIPOM3BOJCTBA OUEHb BAKHO IIPOBOAUTH BHEAPEHNE HOBOH TeX-
HUKHU OBICTPO. A IJIS 9TOTO HEOOXOAMMO MaKCHUMAJLHO 3aeliCTBOBATH
oTpaboTaHHbIe PEIeHu’s.

BriroueHre B CTaHIAPT IISATH SIBLIKOB O0'BbACHSIETCS B IEPBYIO OUe-
penb uCTOpUYEeCKUMHU MpUuYnHAMU. Pa3paboTuuKy cTaHgapTa CTOMIKHY-
JINCH C HAJIUYUEM OIPDOMHOI0 KOJMYECTBA PA3JUUYHBIX BapUaAIlUi MOXO-
KX sA3bIKOB nporpammupoBanusa IIJIK. Boireainue B cTaHgapT A3BIKHT
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CO3MaHbI Ha OCHOBE HauboJiee MOMYJSAPHBIX SA3BIKOB IPOrpaMMUPOBa-
HUs, HanboJiee PACIIPOCTPAHEHHBIX B MUPE KOHTPOJLIepoB. Ecau B3ATH
JII000¥ KOHTpPOJIIEpP, paboTaloINuii B COBPEMEHHOM IIPOM3BOJACTBE, TO
ero mporpaMmy MOXKHO nepeHectu B cpeny MOK 61131-3 ¢ MuHUMAIIb-
HBIMU 3aTpaTaMu. Peub He HIET O TOM, YTO IPOTPAMMY MOJKHO OyIeT
HWCII0JIb30BAaTh 0e3 KaKoii-1ubo mpaBKU. Be3ycaoBHO, moTpedyeTca He-
KoTopas ajanTalnus U OTJIaJKa, HO HECPAaBHEHHO MEeHbINas, UYeM IIpU
CO3IaHUU MPOEKTAa C HYJI.

ITocne mpuWHATHA CTaHZAPTA HOSBUJIACH BO3MOYKHOCTBH CO3TAHU
annapamHuo-He3asucumvlx Oubauomer. ITO PETyIATOPHI, (UIBLTPHI,
yIpaBJeHUe CEePBONPUBOAOM, MOAYJIU C HEUETKOH JIOTMKOW W T. .
Haunbosaee ygaunbie, orpaboTaHHBIe BOCTpeOOBaHHBIe O0MOJIMOTEKH CTAa-
HOBATCA KOMMEPUECKUMU MIPONYKTaMMU.

2.3. IIpocroTa mporpaMMHUPOBAHUSA U JOXOTUUBOE
nmpeacTaBJIeHUE

WH:xeHep, CIPOEKTUPOBABIINNA MAIIUHY, MOJKEH UMETb BO3MOXK-
HOCTH CAMOCTOSATEJbHO HAMNWCAThL NOPOTpaMMy yIIpaBieHuA. HUKTO
JIydllle ero He 3HAeT, KaK JOJIKHA paboTaTh maHHaAs MalimHa. VH:Ke-
Hep, TPUBBIKINNI paboTaTh ¢ 3JIeKTPOHHLIMH CXeMaMU, TOpasmo Jier-
e CMOXKeT BhIpaskaThb cBou Mbicau B LD miau FBD. Ecau oH 3HaKOM C
aspikamu PASCAL uau C, To ucnoansszoBanue sa3pika ST He cocTaBuT
[JIsI HEero CJIOKHOCTH.

3a Bpemsa passutusa IIJIK pasmep cpeaneii mporpaMMbI BO3poc 0o0-
aee ueM B 100 pas [21]. MHOTHe pelteHusa, TpeOOBaBIINe PaHBIIE All-
mapaTHOUM IOAIeP:KKU, PealusyrTcs ceromusi nporpammuo. Coorser-
CTBEHHO, TpeOOBaHUsS K KAUeCTBY IMPOTPAMMHOTO O0ecleueHus OUeHbD
BbICOKU. I109TOMY CJIOMKHYIO IPOTPaMMy OOJIKHBI ITHCATH CIIEI[HAJIU-
ctbl. Ho 1/ OTBETCTBEHHBIX ITPOEKTOB OUYEHDL BAXKHO, YTOOBI IIPO-
rpamMMa aJropuTMma ObLaa IMOHSTHA TEXHUYECKOMY IIePCOHAJY, OCYIIle-
CTBJIAIONIEMY HAaCTPOHKY, COIMPOBOKIEHWE U PEMOHT 00OPYAOBAHUA.
OHu He 00sd3aHBI M3yyaTh IPOrpaMMy AOCKOHAJIBHO, HO MOHHMATH,
YTO MMPOUCXOAUT, 0€3YCIOBHO, MOJIKHEI.

OueHb YACTO TEXHOJIOTU OIMCHLIBAIOT NPOIleCC MPUMEPHO TaK:
«CJIerKa IepeMelnarh, IIOJ0rPeTh U NOBECTH OO0 roroBHocTu». C amma-
paTHBIMHU CpelCcTBaMU 31ech (PaKTUUYECKU BCe MOHATHO, a BOT C aJro-
PUTMOM YIIPaBJEHHUS 3HAYUTEJIbHO caokHee. s Gojiee meTalbHBIX
00CYKIeHUM TeXHOJIOTUU HeoOXOOUM HEeKUH OOIUM S3BIK, JOKYMEeH-
TaabHBIN U HaraagHabiii. [luarpammel SFC cupaBasioTesa ¢ 9TOM POJILIO
He XyiKe CIIelnaJu3uPOBaHHBIX NHCTPYMeHTOB (Hampumep, UML), aB-
JISISICh IIPUTOM JEeMCTBYIOIEell IporpaMMoOii, a He IPOCTO MOJEJbIO.
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CrpalllHO IOAyMaTh, YTO IIPUJAETCS OOBACHATH PaAOOTYy CJIOMKHOI
mporpaMMbl o accemOsepHbIM uau C jguctumHraMm. He ucKiiouaiiTe
CUTyaIlluu, UTO OOINATHCA HNPHUAETCS He Ha poaHoM A3biKe. CoBpeMeH-
HbIe CHCTEMBbI IIPOrPAMMUPOBAHUS KOHTPOJJIEPOB IIO3BOJIAIOT BBIIMOJI-
HUTH HECKOJBbKO PACIIEUaTOK IPOTPAMMBI ¢ KOMMEHTAPUAMU Ha pas-
HBIX A3BIKAX — PYCCKOM, HEeMeIlKoM u T. A. OueBUIHO, 3TO yiKe He
MapKeTUHIOBBIA XO0J pPaspaboTUMKOB, a peajbHOe TpeboBaHUE COBpe-
MeHHOro 6usHeca. Hea(pdeKTHUBHO pealrn30BAHHYIO IIPOTPAMMY MOMK-
HO 3aCTaBUTHh paboTaTh ObICTpee yBeJWUYeHHeM ObICTPOAENCTBUS IIPO-
meccopa. I[0XOOUMBOCTH IMPEACTABJIEHUS NOCTUUL TOpasfo CJIOMKHEe.
IIporpamMmy, B KOTOPOI HEBO3MOIKHO pPasodpaThCAd, MPUAETCA PAHO
WJIU TTO3JHO BBIOPOCUTE.

2.4. Enyabie TpeOOBaHUA B MOATOTOBKE
CIIeIIHAJHCTOB

Buenpenue crampmapra mano (GyHZAMEHT [JA CO3LAHUA €JUHOU
IIKOJIBI TOATOTOBKU CIIEIMAJINCTOB. eJ0BEK, IIPOIIEAINNil o6yueHMe
mo IporpaMme, BKJOUamoileir crammapr MOK 61131, cmoxxer pabo-
tath ¢ IIJIK sio6oii ¢pupmbl. B TO Ke BpeMs, ecau OH WMMeJ paHee
ombIT paboTs! ¢ giobbiMu IIJIK, ero HaBBIKKM OKaKyTCSA ITOJE3HBIMU U
CYILIECTBEHHO YIIPOCTAT M3YyUEHNE HOBBIX BO3SMOIKHOCTEMH.

IIporpaMMucT He OrpaHUYEH NPUMEHEeHUeM 3aJaHHBIX B CTaHIapTe
TUIIOB JaHHBLIX U omeparuii. CraHmapT AONycKaeT BO3MOMKHOCTL CO-
3IaHUA MOJBH30BATEJILCKUX TUIIOB AAHHBIX U (PYHKIMOHAJIBHBIX 0JIO-
KoB. DyHKIUU 1 (PYHKIIMOHAJIbHBIE OJIOKU BEJIUKOJIEITHO PEaJN3YIOT
WHKAICYJANUI0 Jeraneil peanusanuu. CosgaHHBIE II0Jb30BaTEIEM
OuOJIMOTEeKN a0COJIIOTHO PaBHOIPABHBLI CTaHIApPTHLIM. HoBBIe opuru-
HaJbHBIE amnmapaTHble pelreHusa usroroBureneii IIJIK moryT ObITH
moaaepsKaHbl COOCTBEHHBIMHU OmbroTekaMu. IIpruem mpu Co3maHUU
BHEIITHUX OMOJIMOTEK MOJKHO HCIIOJNb30BATL JIOOble HHCTPYMEHTHI
BILIOTH OT acceMbJyepa mo C++.

Boob61e craggaprabsie KomnoHeHTsl MOK na mporpamMmMmucra, Kak
IOpOTH [nJsA aBTOMAaIIWH. KoJMYecTBO BO3MOMKHBIX IIyTeH Bcerma
OueHb OTpaHUYEHO. Biauike mojsieM, HO IO Jopore OBICTpee.



I'maBa 3. UHCTPpYMEHTHI
nporpamvupoBanusa IIJIK

B aToii r1aBe pacckasbIBaeTcsi 0 HauboJiee M3BECTHBIX KOMILIEKCaX
nporpammvupoBanusd MOK 61131-3, onuceiBaioTes o0Ire UX CBOMCTBA,
WHCTPYMEHTHI IIPOEKTHUPOBAHUSA ¥ OTJAJKHN IIPUKJIATHOTO IIPOTPaM-
mHOoro obecreuenus IIJIK. Boaxee moapo6uo paccmorpen Kominiexc Co-
DeSys, Ha KOTOPHII OyaeT onupaThbCcs JajbHeliIee U3I0KeHUe.

3.1. Kommaekcsl mpoektupoBanusa MIK 61131-3

KoHTpoJ1ephl, IporpaMMUPOBaHNE KOTOPBIX OCYIIECTBJIAETCA CO
BCTPOEHHOI'0 WJIM BBIHOCHOT'O IIyJbTA, BCTPEUYAIOTCS CETrOMHS HTOCTAa-
TOuHO peako. Kak mnpaBmio, 5TO IIPOCTHIE CIEIUAJN3UPOBAHHBIE
IIJIK, nmpegHasHayeHHBIEe OJIS YIPaABJEHUs OCBeI[eHHEeM II0 pacIuca-
HUIO, PeryJUPOBKU TeMIepaTyphl 1 T. 1. Bce mporpamMupoBanmue Ta-
KUX KOHTPOJIJIEPOB CBOAUTCA OOBIYHO K 3aJaHWI0 Habopa KOHCTAHT.
Hnsa nporpammupoBanus IIJIK yHmBepcasbHOrO Ha3HAYEHUA IIPUMeE-
aaorcea ITK. IIpoiece paspaboTKu u OTJIaAKK IPOrpaMMHOI0 obecre-
YeHUsS TPOUCXOAUT MIPU MOMOIIHU CIIeINAaJN3NPOBAHHBIX KOMIIJIEKCOB
mporpaMM, obecrieuynBamIUX KOMMOPTHYIO Cpeny Ajs paboThl MIpPO-
rpaMmMucTa.

TpaguIIMOHHO BCe BEAYIIME€ WBTOTOBUTENN IIPOrPAMMUPYEMBIX
IIJIK mmeroT co6cTBeHHBIE (hupMeHHBIe HApaOOTKU B 00JIaCTH MHCTPY-
MEHTaJbHOrO IIPOrPaMMHOr0 obeciieueHusA. BesycioBHO, OOJIBIITHMHCT-
BO U3 HUX INIPEICTABIAIOT YIOOHBIE WHCTPYMEHTHI, ONTUMU3UPOBAH-
HbIe II0J] KOHKPEeTHYI0 anmnaparypy. IIoHATHO, YTO B pa3paboTKe yHU-
BEPCAJIbHBIX CHCTEM IIPOrPAMMMPOBAHUS, MNPUEMJIEMbBIX AJsI CBOUX
IIJIK u pna IIJIK KOHKYpEeHTOB, M3TOTOBUTEJIU He 3aWHTEPECOBAHBI.
Kpowme Toro, sTo mocraTrouno ciao:kHasd 3amaua. CucTeMbl IPOTPaMMU-
posanus IIJIK HeGonbiiux (GUPM B JYUIIEeM CIydae PeaJus3yioT OJUH
u3 A36IK0B MOK ¢ HEeKOTOpHIMU paCIIUPEHUAMU, IIPUBBAHHBIMU CO-
XPaHUTh COBMECTUMOCTb CO CBOUMHU sKe 0ojiee paHHUMU (HecTaHIapT-
HbIMHU) cucteMamu. KpymHeiinine aumepbl pbiaka IIJIK mpexpnarator
CeTolHsA OUYeHb MOIIHBIE KOMILJIEKCHI ¢ Ioamep:kKoit MOK-A3bIKOB,
TaKyKe COXPAHAIINEe IIPEeeMCTBEHHOCTh W (DUPMEHHBbIe TPaIUI[UU
(«Concept» Schneider Electric, «S7» Siemens).

=


Андрей
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OrkpeiTocTh MOK-cTagrmapTra — C OZHOM CTOPOHBI, U CJIOMKHOCTD
peanusanuu BBICOKOKJIACCHBIX KOMILIEKCOB IIPOrPaMMUPOBAHUA — C
IPYToi, IPpUBEJIN K TOSBJEHUIO CIeIUaJIU3UPOBAHHBIX (QUPM, 3aHI-
TBIX MCKJIOUUTEJbHO MHCTpyMeHTamMu mnporpammupoBanusa IIJIK. Bo
dpaunuu Takue (GUPMBI HA3LIBAIOT «J0M npozpammuposarus». Kak
W U3AeausS JOMOB MOJ CHCTEMBI IPOTPAMMUPOBAHUSA OTJIUYAIOTCS
CBOUM (PUPMEHHBIM MOYEPKOM, MMEIOT CBOW CTUJIbL U COOCTBEHHBIX
CTOMKUX IMOKJOHHUKOB. HO, K cUacThio, OTJINYUSI KOMILJIEKCOB cocpe-
JOTOUEHBI B peajnmsanum wuHTEepdelica, B cTuiae rpadpuru, Hadope
CepBUCHBIX (DYHKIIHH, MOMOJHUTEIbHBIX OMOJIMOTEKaxX M B peanmsa-
IIUW CUCTEMbl WCIOJHEHUS, T. €. B TOM, UTO He KacaeTcs IIpUMeHe-
HUS CTaHAApPTA.

Haubosplieii n13BeCTHOCTHIO B MUPE IIOJL3YIOTCSA CIAEeNYIOIe KOM-
IJIEKCHI.

CoDeSys

3S Smart Software Solutions http://www.3s-software.com

CoDeSys 9T0 OIMH M3 caMbIX Pa3BUTHIX (QYHKIMOHAJIBHO ITOJIHBIX
UHCTPYMeHTOB mporpammupoBanusa MOK 61131-3. Bce manbHeiiiee
u3JoKeHne B JaHHOUW KHure omnmpaercsa Ha CoDeSys. 9To He o3Haua-
€T, UTO IpuBeNeHHAdA WHMOPMAIVA HENIPUTOAHA IJA JPYTUX CUCTEM
mporpaMMUpOBaHMus. Besne, Te ecTh CYIeCTBEHHBIE OTJIUYUA WU
TOHKOCTU peasns3aluu, 3To OyaeTr ocobo momuepkuyTo. Omopa ma Co-
DeSys osnauaer, 4TO BCe MPUMePHI PeaJIN30BaHbI U IPOTECTHUPOBAHBI
WMEHHO B 3TO# cUCTeMe, ecJId Ha 9TO YKa3aHOo cIielualbHO. Jlajee MbI
paccMOTpPUM JaHHBIN KOMILIEKC 0ojiee IOAPOOHO.

ISaGRAF

CJ International http://www.isagraf.com/

Hawub6omee aprkasa ocobennocts ISSGRAF — sTo anmnapaTHo He3aBu-
cumbiii reaepaTop TIC xoma (Target Independent Code), Graromaps
yeMy, CHCTeMa MCIIOJHEeHUS WHTEePIIPETUPYIOIIEero TUIIa OYeHb IIPOCTa
B aganTanuu. Kakue-i1mbo orpaHnUYeHUs Ha alllapaTHYIO IJIaTOopMYy
npakTuyecKu oTcyTcTByioT. Ilomumo remepamuu TIC-xkoma, B ISaG-
RAF cyiecTByeT BOSMOKHOCTD TpPaHCAAInU mpoekTta B C TeKcCT.

MULTIPROG wt

Klbépper und Wiege Software GmbH  http://www.kw-software.de/
WckaounTebHO MPOAYMAHHBIN, KPACUBBIN M YAOOHBIN WHCTPY-

MEHT C IIUPOKUMM BO3MOKHOCTSIMM MOIEJUPOBAHUSA W BU3yaamu3a-

nuu. CucremMa uCHOJHEHUA 6as3supyeTcs Ha COOCTBEHHOU OIlepallloH-
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HOM cucteme peanbHOro BpemerHu ProConOS (Programmable Control-
ler Operating System), ympapisroieil MCIOJHEHHEM II0JIb30BATE/Ib-
ckux 3agad. IlepBaa Bepcua MULTIPROG Bemia eiie B Hayaje
80-x rr. XX B. mox onepanuonuyo cucremy CP/M. B macrosmiee Bpe-
ma MULTIPROG opuentupoBan Ha Windows, o uem rosoput cyd-
durc wt (windows technology) B HazBauuUwM .

OpenPCS

Infoteam Software GmbH http://www.infoteam.de/

YHukanabHas ocobeHHOCTh Kominaexca OpenPCS szaxiiouaercsa B
UCIoJIb30BaHUM A3bIKAa 1L, B KauecTBe IPOMEKYTOYHOTO Kojma. IJJie-
MEHTBI NPOrPAMMBbI, BBIIOJHEHHBIe Ha J0O00M MOK-sa3bIKe, MOKHO
KOImmpoBaTh B Oy(dep oomena Windows 1 BCTABJIATH B IIPOrpaMMy Ha
IPYTOM SI3BIKE C aBTOMAaTHMUECKUM IiepeKogupoBaHueM. [[yia mocTumske-
HUSA BBICOKOTO OBICTPOAEHCTBUS B COCTaBe KOMILJIEKCA IPUCYTCTBYIOT
KOMIMJIATOPBI MAIIMHHOTO KOZa AJS PANA PaCIpPOCTPAHEHHBIX IMIPO-
meccopoB. CumynasaTop ITJIK SmartSIM mosBojsieT IPOBOAUTH 00yuUe-
HUe U OTJaAKY 0e3 BHEITHell ammapaTypbl.

SoftCONTROL

Softing GmbH http://www.softing.com/

dupma Softing — KPyOHBIN TOCTABIIIUK CUCTEM ITPOMBINLICHHOM
aBromatuku. Ilo Bcell Bumumoctu, KoMminiekec SoftCONTROL cospa-
BaJICA CIIeIMAaJINCTaMu (PUPMbI AJs1 cebs, HO Oarogaps ygauHOMY IIO-
CTPOEHUIO TIEPEepOC B YHUBEPCAJIBLHBINI MHCTPYMeHT. KoMmIeKc mmeer
CPaBHUTEJIBHO acKeTuuyecKuii maTeppdeiic. Tem He MeHee, 3TO He OTpa-
JKaeTcs Ha KadyecTBe Pean3alliy TPAHCIAATOPA U OTJIALOYHOTO MHCT-
pymenTtapus. Takum oopasom, Soft CONTROL 6osee HamoMuHaeT BbI-
BEePEHHBIN TofaMMu WHCTPYMEHTApUil OMBITHOTO aBTOMEXAHWKa, deM
momapouHbIli Habop. Biaromapsa TakoMy HOAXOAYy KOMIIJIEKC KMMeEeT
MuHEMAaJIbHBIE TpeboBaHuA Kak K IIK, tak u K IIJIK. fdAssik C uHTer-
pPUpPOBaH B CHCTEMY U MOXKET IPUMEHATHCS B IIOJb30BATEJIbCKUX IIPO-
rpamMmax paBHomnpaBHO MOK-a3bikaMm.

iCon-L

ProSign (Process Design) GmbH http://www.pro-sign.de/
Crporo rosopsd, iCon-L me aBagerca mucTpymMeHToM MOK 1131

IPOTPaMMUPOBAHUS. ITOT WHCTPYMEHT 0asupyercsa Ha rpa@udyecKom

npejAcTaBlIeHNN PYHKIUOHATBLHBIX 0JI0KOB. CONEPIKUT DJIEMEHTHI, I0-

3BOJIAIOIIME CO3MaBaTh mocienoBarenabHbie (SFC) nuarpaMmbl. YHUKA-
JbHBIM cBolicTBoM iCon-L saBasgeTcsa upes3BLIUANHO Pas3BUTAsA BO3MOMK-
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HOCTh aHuMaIuu. HermocpeacTBeHHO B AuarpaMMe MOYKHO BBITIOJIHSATH
BU3YaJIM3aIlMI0 He TOJbKO CaMOr'o aJilOPUTMA, IIePEeMEeHHBIX, KOHTPOJI-
Jepa, HO U Ja’Ke ympaBisgeMoro oowbekra (cMm. puc. 3.8). KommaxkTHasa
nepernocumasa (ANSI-C) cucrema ucnosnenus. O6beMHaA 6ubIMOTEKA
0JIOKOB, BKJIOYAsd 3JIEMEHTHI HEUETKOHM JIOTMKU. KCTh BO3ZMOYKHOCTH
co3maBaTh COOCTBeHHBIE (hYHKIIMOHAJbHBIE OJIOKU Ha s3biKe C.

Kaxnpiii u3 mpeicTaBIeHHBIX KOMILJIEKCOB OCHAINEH IIOJHBIM Ha-
6OpOM CpeACTB OBICTPOIl PaspaboTKM M OTJIAAKU IIPOrpaMM, HO MMEeT
¥ JOCTATOYHO MHOTO (DUPMEHHBIX «M3IOMHHOK». Bce KOMILIEKCHI MMe-
OT JAEeMOHCTPAIMOHHBIE BEPCUU, COJAEPIKAalliie MHOT'O IOJE3HBIX IMPHU-
MepoB. BbI MoKeTe TakKiKe MPOBOAUTH COOCTBEHHBIE OIBITHI B IIPO-
rpaMMUPOBAHUU U IIPOBOAUTH TECTHUPOBAHUWE B PEKUME SMYJISIUU.
EcrecTBeHHO, MCIIOJIH30BATh O3HAKOMUTEIbHBIE BEPCUU IIPU CO3TaHUU
KOMMEPYECKHUX IIPOEKTOB HEJIb3sd.

HeranbHOE UCIOIb30BaHME 9KPAHHBIX WHTEPHECOB U MEHIO
KOMaHJ KOMILJIEKCOB B KHUTE ONMMUCHIBAThCA He Oyxper. IIpexnmosiaraer-
csd, YTO YHTATEeJNh 3HAKOM C «IpesectaMu» Windows-unTtepdeiica.
IIpuembl pefaKkTHUPOBAHUS IIPOTPAMM UM CIOCOOBI BBOZA KOMAaH] OTHO-
CcATCA K MHANBUAYAJIbHBIM XapPaKTEePUCTUKAM M JOCTATOYHO IMOAPOOHO
M3JIO’KEHBI BO BCeX 0e3 MCKJIIOUEHUA PYKOBOJACTBAX II0 IPUMEHEHUIO U
OIIePATUBHBIX IOACKA3KaX KOMILJIEKCOB, UeTr0, K COXKAJIEHUI0, HEJIb3d
CKasaTh O CMBICJIe U IpUeMaxX IPUMEeHEeHUA caMux Komauz. IloaTomy
[Jajiee MBI paccMOTpuUM 0OoJiee TOAPOOHO MHCTPYMEHTapuili u HamboJsee
SApKUe 00Ime XapaKTePUCTUKU KOMILJIEKCOB, IIO3BOJIUBIIINE UM 3a-
HATH IIePBLIe MMO3UINHU Ha PhIHKe IporpaMMHoro obecrneuenus I1JIK.

3.2. UHCTPYMEHTHI KOMILJIIEKCOB
nporpammupoBanud IIJIK

T'naBHas 3amavya HMHCTPYMEHTOB KOMILJIEKCA IIPOTPaMMUPOBAHUS
IIJIK coctouT B aBTOMaTM3amuu pabOTHI paspaboOTUMKA IIPUKJIATHON
cucteMbl. OH TOJJKeH ObITh M30aBJEeH OT PYTHHHONM PaboOThI W IIOCTO-
SHHOTO «M300peTeHusl BeJocHuIlena». XOPOII0 OpraHM30BaHHAsS Cpeaa
IPOrpaMMUPOBAHMUS caMa TOJKAaeT K CO3JaHUI0 HaAeKHOro, yurade-
JIBHOTO W IIPUTOMHOTO JJIs MOBTOPHOTO MPUMEHEeHHUA KOoJa.

B uHTerpmpoBaHHBIX KOMILIeKcax mporpammupoBanua IIJIK cio-
JKUJICA OIIpeAesIeHHBIN Habop BO3MOKHOCTEH, IIO3BOJIAIONINAII OTHO-
CUTBH UX K CpPeAcTBaM OBbICTPOIl pasdpaboTku. MHOrue nprueMsl ABJISIOT-
csA OOIUMU U [JIST CHUCTEM IIPOTPaMMUPOBAHUA KOMIILIOTEPOB M, BEPO-
ATHO, TOKaKyTcad BaM 3HaKoOMbIMHU. CepBUCHBIE (DYHKIIUU CHCTEM
IPOrpaMMUPOBAHUS He SABISAIOTCS TpeboBaHumeM craHzapra. Ho or
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HOJIHOTHI HAaboOpa MOCTYHHBIX NPOTPAMMUCTY WHCTPYMEHTOB CYIIECT-
BEHHO 3aBHUCUT CKOPOCTH U KAYeCTBO €ro pabOoTHI.

3.2.1. BeTpoeHHBIE peTaKTOPBI

Knaccuueckue (c KOMaHIHONM CTPOKOIT) acceMOiepbl 1 KOMIHUJIATO-
pel oOpabaThIBAlOT TEKCT (daiiia, COmep:Kallero IpPOrpaMMHBINA MO-
IyJib, 1 (POPMUPYIOT OOBEKTHBIA KOXA. VICXOTHBIA TEKCT HPOrpaMMbI
3aliChIBaeTCA B JIIOOOM TEKCTOBOM penakKTope. UHTerpupoBaHHAA
cpefia IpeaIojiaraeT HAJIU4YWe BCTPOEHHOTO pelaKTopa.

3.2.2. TexkcToBBIE PETAKTOPSBI

WHTerpanua B eINHYIO Cpely IIPOrpaMMUPOBAHUA IIPeAIIoIaraeT Ha-
JIMume y TeKCTOBBIX PelaKTOPOB HECKOJBKUX CYIIIeCTBEHHBIX CBOMCTB:

e BO3MOXKHOCTH OBICTPOI'O BBOJA CTAHAAPTHBIX TEKCTOBBIX DJIEMEHTOB.
KomOunanmum KJjaaBuill OBICTPOrO BBOJA, WJIN KOHTEKCTHO-3aBHCH-
MbI€ MEHI0 KOMAaH], IPeAIaraloT MIrHOBEHHYIO BCTaBKY B TE€KCT OIle-
paTopoB, GYHKIINHA, (PYHKIIMOHAILHEIX 0J0KOB (cM. puc. 3.1). ITpu-
yeM peub HAET He TOJbKO O CTAHIAPTHBIX dJIEMEHTaX, HO U O CO-
3IAHHBIX IIPOIPAMMICTOM B TEKYIIIEM IIPOEKTE;

e BO3MOXKHOCTb OBICTPOTO AaBTOMAaTUYECKOTO [OIOJHEHUS BBOJA
(CoDeSys). Hanpumep, ctporka: «INP1 I 3;Bxox 1» mo okoHua-
HUU BBOJA IpeobpasdyeTcsa B COOTBETCTBUY ¢ TpeboBarnuamu MIK:

«INP1: INT := 3; (* Bxon 1 *)»;

e aBTOMATHYECKOEe OObSIBJICHHE IIepeMEeHHBLIX. Kcju mIpu BBOIe
TEKCTa IIPOrPaMMbl Bl MCIIOJIL3yeTe HOBYIO IIEPEeMEeHHYIO, CHCTe-
Ma aBTOMATHUYECKH IIOMECTHUT HeoOXOAMMOe OIIMCAHNe B pasieJe
ob0baBaennii. TUl mepeMeHHOI U HauaIbHOE 3HAUYEHHUE 3aa0TCs
B IMAJIOTOBOM OKHe. B 3TOM IIoMorarmT MeHIO, BeCh BBOJ OOBLIUHO
BBITIOJTHAETCSA MBIITBIO, 0€3 MOMOIIM KJIaBUATYPHI;

e IIpeJCTaBJieHHE pasfeia O0bSIBJIEHHI IepeMEeHHBIX B BHUIE TEK-
CTa WJM KapTOTeKHU Ta0JWII, PasleleHHBLIX U OTCOPTUPOBAHHBIX
1o GYHKIMOHAJILHOMY 3HAUEHWIO (BXOLHBIE IIepeMeHHbIe, JOKa-
JbHBIE U T. 1.);

e IIPOBEPKAa CUHTAKCHCA W aBTOMaTuuecKkoe opMaTHUPOBAHUE BBO-
na. PegakTop aBTOMaTHYeCKN KOHTPOJIUPYET BBEAEHHBIH TEKCT
U BBIZIEJIIET IIBETOM KJIOUeBbIe CJIOBA, KOHCTAHTHI M KOMMEHTA-
puu. B pesysibTaTe TEKCT HE TOJBHKO JIETKO UNTAETCH, HO U OKa-
3BIBAETCSI CUHTAKCUYECKU IIPOBEPEHHBIM eIlle 0 TPAHCJIAINN;
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Zu# First 15aGRAF - RFSHOW:-PCOMPANY - FEDYLE 10l =l
Fil= Edit Toolz Options Help

BR XERRANHEHD <BL Qi 8|
'"0||-§@¥;%> ]:[]‘3[}|ﬂ”' subtraction
I Company mien | -
Inzert function block _
n g ord b _
'~ First I5aGRAF - RFSHDW:PFRO = TRLE
File Edit Toolz Options Help FALSE AnD
PR XoR | H®|xm L] o XOR —
if not [Cb<_product] then return; end_if; RETURM; Ik
THER ELSE
if step = 0 then [FfoToGpaxenue™)| ELSIF ERD_IF;
Display := Product; CASE  |EWD_CASE F—— .,
ﬂ_ step ;= 1; - o
K1l A
|p7|:| : %
Puc. 3.1. Ilaneas 6wicTporo Beoga ISaGRAF
e aBTOMAaTHUECKas HyMepanus CTPOK — VIIPOoIfaeT OIIMCaHue U

COITPOBOMKAEHUIE.

ATU BO3MOKHOCTH B CYIIIECTBEHHOII Mepe CIIOCOOCTBYIOT aBTOMATIH-
3alliy IIpollecca IOATOTOBKHU IIPOTPAMM U CIOCOOGCTBYIOT yMeEHBIIIEe-
HUIO YmcJja omnboK B IPOorpaMMax.

3.2.3. I'pachmueckue pegaKTopbI

I'padhuueckue pegakTopsl elle 00jiee TECHO CBSA3AHBLI C KOHTEKCTOM
KOHKPETHBIX s3bIKOB. OHU MOJIKHBI 00eCIeuunBaTh CJIEAYIOIINE BO3-
MOJKHOCTH:

e aBTOMAaTHUYECKas TPACCUPOBKA COEJUHEHUH KOMIIOHEHTOB. IIpo-
TPaMMUCTY BOOOIIle He MPUXOAUTCA PUCOBATh coequHeHus. Ilpu
BCTaBKe U yIaJeHUW KOMIIOHEHTOB CHCTeMa aBTOMATHUYECKU
ITPOBOAUT TpaduuecKre COeIMHUTENbHbIEe JUHUN (CM. puc. 3.2);

e aBTOMAaTHMUECKas PACCTAHOBKA KOMIIOHEHTOB. MecTOmoJIoKeHUe
KOMITOHEHTA Ha 9KpaHe OIpelesideTcsd aBTOMATUYECKU C YUETOM
MOPAIKA BBINOJHEHUA. ITUM CBOMCTBOM 00J1afaioT rpa)uuuecKue
penaxTopbl CoDeSys u OpenPCS. B apyrux mpejcraBiIeHHBIX B
KHUre KOMILIEKCAaX IIPOTPAMMICT BBIOMpAET MECTOIOJOKEeHUE
KOMIIOHEHTa BPYYHYIO, KOOPAWHATHI KOMIIOHEHTA COXPAHAIOTCHA
mpu 3ammcu mpoekTa (cMm. puc. 3.3). KomaHaa mHIWKAIUMU IIO-
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Puc. 3.3. Pyunoe pasmemenne komnonenta (ISAGRAF)



HNucTpymenTs! KoMmiiekcoB nporpamvuposanus IIJIK 39

pAgKa BBIIIOJITHEHUA rI.IOGaBJL‘iIET B HSOGpaHCSHI/Ie KOMIIOHEeHTa IIO-
PAIKOBBINT HOMeD (Ha puc. 3.3, ymcjaa B CKOOKAax).

e aBTOMATHUYECKAs HyMepalus ILermeii;

e KOIIMPOBAaHUE U IIepeMelleHune BI:I,Z[e.IIeHHOﬁ I‘pa(bH‘IeCROﬁ rpyI1-

Bl KOMIIOHEHTOB C YYeTOM WX WHIWBUAYAJILHON cHermudurm
(puc. 3.4);

% SoftControl - The IEC Programming System O] x|
Project Object Edit Toolz Online Yiew Estraz  Window Help

(] B PELE] (h [ epofof 2]
& Projoct Navi BEE

FANRl £ pump_fbd [IEC1131_5 P1] Body [FBD]

FLC_Config |55
il Task_Fool [

GT|

Abrationd =3.19
[* Open the entranc —

Lo free,

‘ or |
GT u] Vibbdme =319 — Tirnerd
AND entr: TOMN
AND car_ N Q
OR cal GT | ~

r FT ET
5T oper fibration2 = 319 —
[* Close the entranc

TH#S= e

Puc. 3.4. TI'padmueckuit pegakTop PyHKIMOHAJIBHBIX OJIOKOBBIX THATPAMM
Soft CONTROL

e TIPOM3BOJILHOE MACIITAa0MpPOBaHUE M300paKeHUs C IeJbl0 Hau-
JIYUIIIero IPeACTaBJIeHUS WUJIM OTJAeJbHOe OKHO O00IIero Buia.
s aHanmsa OOJBIINX Pa3BETBIEHHBIX rpadUyecKUX IuarpaMm
yIOOHO HMETh BO3MOYKHOCTL YBHUIETh BCIO AUArpaMMy WJIH IO-
CTATOYHO PEJIEBAHTHYIO €€ YacThb IeJIUKOM (cM. puc. 3.5).

B pexxume wucmoIHEeHMA BCTPOEHHBIE DPEZAKTOPHI OTOOPAKAIOT
«OJKUBIINE» TEKCTHI U rpaduyeckme amarpamMmbl (puc. 3.6). Ilpum
aTOM:

e MIHOBEHHBbIE 3HAUEHUS IE€PEeMEeHHBbIX BUIHBI HEIIOCPEeICTBEHHO B

OKHEe pelaxkTopa W AOCTYIHBI AJA NU3MEeHEeHUs;

e AKTHUBHBIE NN BBLIJEJIEHBI KUPHLIMU JUHAAMU U IBeToM. Iljis
rparuecKuxX guarpaMM HATJISATHO OTPAKAETCS IOCJIeIOBATENIb-
HOCTbH BBIIIOJIHEHMUS.
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Puc. 3.5. Oxna rpadguueckoro pemaxkropa FBD u o6urero o63opa
muarpammsl (MULTIPROG)

“4 PLC_PRG [PRG-LD) O] x|
00oo1| &- Decrement -
ooo2 Pulse =

o003 K1 =

0004 [P ALSE]

| | cu @
FALSE-RESET CV—Counter2=16#0000
— PV -
d] [

Puc. 3.6. LD-guarpamma B Ipoliecce MCIOJHEHUA U TUAJOT U3MEHEHUT
3HaueHus nepemenHoi (CoDeSys)
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3.2.4. CpencrBa oTaaaku

CranmapTHBIT HaO0p OTJIAJO0UYHBIX (DYHKIIMHM BKJIIOUAET B ceds:

o yHUGUIUPOBAHHBIN MexaHudM coexmHenud c IIJIK. Pa6ora un-
CTPYMEHTOB OTJAAKHU He 3aBHCUT OT CIIOCO0a COeTMHEeHUsS KOHT-
poJinepa ¢ oriamunkoMmM. He mmeer 3HaueHUS, dSMYJUPYeETCA JIU
KOHTPOJIJIED Ha TOM Ke caMOM KoMIbioTepe (puc. 3.7), TOIKJIIO-
YeH JIM yepes ImocyenoBaTesbHBIN mopT IIK wiam make pacrogio-
JKeH B JIPYTro¥ cTpaHe W cBs3aH uepes3 W HTepHeT;

M |=Il{ 4 FOU Editor : FUNCTION_BLOCK Lautstaerke
lé_'ﬁEile window  Help _|ﬁ'|_ File Edit Symbole [Device Wiews Option: Windows Help

&Gk [ = | “# Syntax-Controllec LD/FBD-Editor

Simulator Formz

il SmartSIM - 80286

File  State Help

| D [
infoteam infg :I I: DD

Norm
BIE.

power supply I processin

LsFegler LEtR

power off = un g ModellTyp | Typ
stop B

cycles

Smartsim || 23568
1098

Puc. 3.7. Imyaanua IIJIK 8 OpenPCS

e 3arpy3Ky KoJa YIpPaBJSIONieil mporpaMMbl B OIIEPATUBHYIO Ta-
MSATHh U dJIEKTPUYECKHU IepenporpamMmMmupyemyio namaTth ILJIK;

e aBTOMATUUECKUII KOHTPOJb Bepcuil Koma. IIpoBepKa cooTBeTCT-
BUS Koga comep:kaireroca B namATu IIJIK u xoma moyueHHOTO
TmocJie TeKyInel KOMIUISAIINT;

e BBINIOJHEHUE YIIPABIAIOIIEH IPOrpaMMBI B PeKMMe pPeaJbHOTO
BpEMeHU;

e pesxuM ocraHoBa. OCTaHOB O3HAUAeT MpeKpAaIlleHre BBITTOJTHEHUS
TOJIBKO KOJAa YIIPaBJSOINell mporpaMMbl. Bece mpoune (asbl pa-
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Oouero muKJa BbIODOJHAOTCA. CIocoOHOCTL HAOJIIOZATH 3HAUe-
HUSA BXOJ0B U yupaBiaTh Beixogamu IIJIK BpyuHyio coxpaHseT-
cA. B aTOM perxmme MOYKHO ITPOBOAUTH TECTUPOBAHUE U HACTPOI-
Ky JaTYMKOB M MeXaHM3MOB 00beKTa yIIPaBJIEHUd;

c6poc ITJIK. MoskeT OBITH HECKOJIBKO BUAOB copoca. B cranmapTe
MOK mpenycMoTpeHO aBa Buaa cOpoca «Tropsauuii» M «XOJIOJ-
HbIH». IlepBbIii BKJIIOUAET IIePeBOJ] YIIPABJIAIOIIE IPOrpaMMEbI B
UCXOJHOE COCTOAHVE U BBIIOJHEHVE HAYaJbHON WHUIIMATIN3a-
IIUU IIepeMeHHBIX. Bo BTopoM Buae cOpoca mo0aBisieTcs Hadalb-
Hasd WHUIUAJIN3alUuA HNePEeMEeHHBIX, Pa3MeI[eHHBIX B dHepProHe-
s3aBucumMoii obsactu mamaru. B CoDeSys mpemycmorpeH erle u
«3aBOJICKOIT» cOpoc (original), ymaasromiuii mob30BaTEIbLCKYIO
IIPOrpaMMy ¥ BOCCTAHABJHUBAIOIIUI COCTOSHHE KOHTPOJLIEPa, B
KOTOPOM OH IIOCTYIAaeT C 3aBOja MB3TOTOBUTEJNsI. Kpome TOoro, B
ITJIK MosKeT Tpom30iTy anmapaTHbId cOPOC MIyTeM BBIKJIIOUEHUA
NMUTAaHUSA WUIU Iepe3amycka Mukpoupoleccopa. Cucrema mpo-
rpaMMUPOBaHUA HOJKHA aJeKBAaTHO pearupoBaTh B cJydae ai-
mapatHoro c6poca. [leTandbHas peaKIius Ha KOMaHABI cOpoca
OIpenesieTcsd CUCTeMO HCIIONHeHusaA. IlosToMy 3mech BO3MOMK-
HBI HEKOTOphIe oTanuusa s pasuabix IIJIK, make B omHOI cpeme
IIPOTPaMMUPOBAHUSA;

MOHUTOPUHT U H3MeHeHUe MI'HOBEHHBIX 3HAUEHUIU BCeX Iepe-
MEHHBIX IIPOEeKTa, BKJIoUas BXoabl-Beixoabl IIJIK. [ia ygob6eTBa
paboThl 3HAUEHUS MHPEACTABJISIOTCA B 3aJaHHON II0Jb30BaTeeM
cucTeMe CUMNCJIEHUS;

pUKCcanUi0 IMEePeMeHHBIX, BKJIKYAs BXOMBLI-BBIXOALI. PUKCHUPO-
BaHHBLIE IIEpEeMEeHHbIe OyAyT IOJydYaTh 3aJaHHble 3HAUCHUS B
KaKIoM paboueM IIUKJE HEe3aBUCUMO OT PEeaJbHOTO COCTOSHUS
IIJIK u pmeticTBuii ynpaisiornieil mporpaMMmbl. [lanHada QyHKIUA
II03BOJIAET UMUTAPOBATE 9JIEeMEHTAPHbIE BHEIIIHIE COOBITUSA B Jia-
0OpPATOPHBIX YCIOBUAX U M30eraTh HelKeaaTeJbHOW paboThl uc-
TIOJTHUTEJILHBIX MEXaHU3MOB IIPU OTJIAJKE HA «KUBOM» O0BEKTE
yupaBieHus. HeympasisemMas paboTa MeXaHU3MOB MOJKET IIPHU-
BECTHU K IOJIOMKEe ¥ IIPEACTaBJIATH OIACHOCTDH AJISA OKPY KAIOIIUX
JI0MIe;

BBITIOJIHEHNE YIIPABJSAIOIIEN IPOrpaMMBbI IIaraMy II0 OZHOMY pa-
6ouemy IuKIy. IIpruMeHsaeTcAa IpuU IPOBEPKe JIOTUYECKOM IIPaBU-
JILHOCTH aJITOPUTMA;

IOIIIar0BO€ BBIMOJHEHNE KOMAaHI IIPOrpaMMbl U 3aJaHue TOUYeK
OCTaHOBA;
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Demn iCon-L [Projekt: DPSR] - [EMAINA$CONTROL]

lﬁEmiect Edit Stucture Block Bun  Options  Windows 3 =] x|

IIPOCMOTP IMIOCJIeOBATEJIbHOCTH BBI30BOB KOMIIOHEHTOB B TOUKE
OCTaHOBA;

rpaUUecKyi0 TPACCUPOBKY II€PEeMEHHBIX. SHAUEHUSA HYKHBIX
IIepEMEHHBIX 3allOMUHAIOTCA B IIUKJINYECKOM Oydepe u mpen-
craBasmoTcA Ha sKpaHe I[IK B Buzse rpadgukoB. 3anuch 3HAUEHU
MOJKHO BBIIOJIHATH B KOHIIE KasKIOro pabouero mukJa Jnbo ue-
pes samaHHBIE IIePUOABLI BpeMeHU. TpacCcUpOBKa 3alyCKaeTcs
BPYUYHYIO UJIU CUHXPOHUSUPYETCA C 3aJJaHHLIM M3MeHeHUeM 3Ha-
YeHUA ONPEeNeJeHHON (TPUTTEePHOM) IepeMeHHOI;

BUBYyaJIU3aINI0 — aHUMAIlMOHHBIE KAPTUHKU, COCTABJIEHHbIE U3
rpaguyecKuX NPUMUTUBOB, CBA3AHHBIX C ME€PEMEHHBIMH IIPO-
rpaMMbl. 3HaUeHUEe IIePEMEHHOII MOJKeT OIpPeesaTh KOOpAUHA-
TBI, pasMep HUJMW IBeT rpaduueckoro odbeKTa. I['paduueckue
00BEKTHI BKJIOUAIOT BEKTOPHLIE TeOMeTpuUecKue (PUTYPHI WU
IIPOM3BOJILHBIE PACTPOBLIE M300paKeHuA. Busyanimsamusa MOKeT
coJep:KaTh dJIEMEHTHI 00PAaTHOM CBSA3U, HAIIPUMEDP KHOIKHU, II0JI-
3yHKH 1 T. A. (cMm. puc. 3.8, 3.9). C momMoIbi0 BU3yaJIN3aINN
cos3aeTcs M300pakeHUe, MOIeJIHpPYyIolllee O0BeKT YIIPaBJICHUS
UJIU CUCTEMY OIIEPATOPCKOI0 YIPABJIEHUS.
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3.2.5. CpemcrBa yupaBiIeHUS IIPOEKTOM

Bce mporpaMMHBIE KOMILJIEKCHI 00A3aTEJIBHO COIEPIKAT CPEICTBa
yIOpaBJeHUsS IIPOEKTOM. ITy 3ajady pellaeT MeHeI:Kep IIPOeKTa, B
00A3aHHOCTH KOTOPOTO BXOJIUT:

e IIPeJCTaBJIEHNE BCEX 3JIEMEHTOB ITPOEKTA U OOIIEel ero CTPYKTY-
pul B yno6rom Buze (cm. puc. 5.10). Cosganue, ynajieHue, mepe-
VUMEHOBAaHNEe W KOIMWPOBaHWE KOMIIOHEHTOB. ABTOMAaTHUYECKUI
BBI30OB COOTBETCTBYIOIIIUX PEIAaKTOPOB MJA JIO0OM IJIyOMHBI BJIO-
JKeHUs IPorpaMMHBLIX KOMIOHeHTOB. HacTpoiika pecypcos;

e yIIpaBJIeHUe IIPOIeCCOM TPAHCIAAINU U cOOpPKU Koma. Hactpoiika
onnuil TpaHCIATOPA;

e CpaBHEHNE U BBIOOPOUHOE CJIMAHNE HECKOJBKUX ITPOEKTOB WU
WX Bepcuii;

e yIIpaBjieHHe OubJMOTEeKaMHu. 3IeCh CYIIeCTBYIOT [IBe 3amaduu.

IlepBasi — 5TO BKJIIOUEHME HEOOXONUMBIX OMOJMOTEK B COCTAB
IIPOEKTA, a BTOpPasg — O5TO CO3JaHUe U COIPOBOMKICHHNE HOBBIX
OuOJINOTEK;

e NOKYMEHTHUPOBaHWE MpOeKTa. J[[OKyMeHTHpOBaHUE IIPOEKTa B
KoMmimekcax MOK-mporpaMMupoBaHusA IpeqycMaTpUBaeT pacie-
YaTKy BCeX MAHHBIX IIPOEKTa, BKJIHOUAT:
¢ TEeKCTOBOE OITMCaHUe, JaTa CO3JaHUs U aBTOPCKUE IIPaBa;
¢ omrcaHue TepPeMeHHBIX ¥ peaJul3aliuio BCeX KOMIIOHEHTOB
IpoeKTa;

¢ pecypchl npoekta — kKoudurypanuio IIJIK, onmucanwme rio-
0aJbHBIX IEepeMeHHBIX, HAaCTPOWKU 3aad, CIUCOK M COCTaB
OuOJIMOTEUHBIX MOIYJIEH;

¢ TabJIUIly IIePEeKPECTHBIX CChLIOK U CTEK BHI30BOB;

¢ OKHO TPAaCCUPOBKMU.

EcrecTBeHHO, HEJb3s OKUAATH OT CHCTEMBI HPOTPAMMUPOBAHUS
MOJIHOTO KOMILJIEeKTa HOKYMEHTAI[U! B COOTBETCTBUU C TPeGOBAHUAMU
ECKIl. Iloxm cioBamMm «IIOJIHAsA OOKYMEHTAIIMA» B PYKOBOJACTBE IIO
NPUMEHEHHUI0 CUCTEeMBI IMOHNMAETCS TOJBKO TO, UTO II0 JaHHOMY IIe-
YaTHOMY AOKYMEHTY MOJKHO IOJHOCTBIO W OJHO3HAUHO BOCCTAHOBUTD
IIPOEKT.

CoDeSys 1103BOJISIET COCTAaBUTh CIeIUaIbHbIe (paiJibl KOMMEHTAPH-
eB Ha pa3HBIX A3bIKAaX (PYCCKUi, aHTJUWMCKuUIl u T. A.). Braromapsa
9TOMY MOJKHO pacliedaTaTh HeCKOJBbKO PA3HOSSLIUHBIX BAPUAHTOB JO-
KYMEHTAI[UU OJHOTO U TOTO 2Ke MpoeKTa 6e3 m3MeHeHUsI B TeKCTe IIPOo-
rpamMm. Kpome Toro, cucrema IpegoCTaBJIsSeT BOZMOXKHOCTH HACTPOM-
KU ¢opMaTa CTPAHUIILI JOKYMEHTa, BKJIOUASd KOJOHTUTYJBI C BAIlUM
(UPMEHHBIM JIOTOTUIIOM.
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Cpedcmea 6occmanoénenus npoekma. B peanbHON KUBHU HEJb-
3 MCKJIOYATh CUTYaIINIO, UTO MCXOAHBIEe (hailyibl IPOEKTA OKaXKYTCHA
yTpaueHHBIMH. B 2TO Bpemsa 00sA3aTeIbHO BOSHUKHET HEOOXOJUMOCTH
BHECTU IIOIPABKU B PabOTy T'OTOBOI HporpaMMbl. JTa 3ajada MMeeT
TPU PeIlleHus.

1. Jexkommuaanua Koja. VICTOMHAEMBIA KOJ CUUTHIBAETCS U3
namsaru IIJIK u npeo6pasyerca B MOK-uporpammsbr. [lyis cuctem re-
HEePUPYIOMNX MAIIWHHBIN KO 9Ta 3ajadua MPAaKTUUYECKU HEeBBIIOJIHN-
Ma. BesayciaoBHO, MOKHO maudacceMmOaupoBaTh Kon B IL mam ST. Ho
9TO HEHAMHOIO JIYUIIle, YeM OOBIUYHOEe MAIIMHHO-3aBUCUMOE IU3aCCEeM-
o6aupoBanue. CTPYKTypa IPOrpaMMbl MOJYUYUTCA OTJIUYHON OT UCXOJ-
HOT'0 TIpeacTaBieHusa. Kak mpaBuio, pa3odpaThcsa B TaKOIi mporpaMMme
CJIOJKHee, UyeM HamucaTh 3aHOBO. [[JId MHTEPIPETHPYIOIINX CHUCTEM
curyanus sHauuTeabHo Jyuirne. Tak, OpenPCS cmocoben BoccTaHo-
BUTH IporpaMMy U3 HcHoJHsAeMoro kKoma IL abcosioTHO ameKBaTHO,
€CTeCTBEeHHO, ¢ MoTepell KoMMeHTapueB. JleKOMIUIAINSI — 3TO Kpaii-
HssA Mepa. BakHoe IpaKTHUeCKOe 3HAUEHNE OHA MMeja BO BpeMeHa
npeobIafaHusg aBTOHOMHBIX IIyJILTOB IIporpamMmmupoBanus I1JIK u npu
OTCYTCTBUM HAMEKHBIX YCTPONCTB XpaHeHUd MHPOPMAIIUHU.

2. C:xatue Bcex (paiiyioB mpoexkTa u coxpaHeHue B mamatu ILJIK.
CoBpeMeHHbIe MOIIHbIE aJITOPUTMbI KOMIIPECCUN U CYII[eCTBEHHOE yIe-
IIeBJIeHNEe MaMATU JeJIaloT TaKOW IOoAXOoZ Bce 0OoJiee TOMYJIAPHBIM
(MULTIPROG, CoDeSys). BesycioBHO, Ipu HaJIUYUU AOCTATOYHOTO
oobema namaru IIJIK sTo mamnbosiee yao0HBINA CIIOCO0 apXMBAIMMI.

3. IlpaBuibHasa oprammsamnusa padboTel. B KoMILIeKc paspaboTum-
Ka BKJIIOUAeTCA YTUJIUTA IJIA NePUOAUYECKON apXMBAIlUU IIPOEKTOB U
COXpaHeHUs Ha cepBepe, CMEHHBIX HOCUTEJIAX, B MeUaTHOM BUIE U OT-
IpaBKU II0 3JIEKTPOHHOU mouTe. B apxuB momeIraiTcs HCXOLHbIE
daiiabl, BKIIOUEHHLIE B IIPOEKT OMOJIMOTEKN, 00beKTHEIe (DAMIbl, TeK-
CTOBOE OIMCaHWe apxXuBa U JOOble Apyrue Hy:KHbIe (aitisl. IIpome-
JKYTOUYHBIE BEPCUU IIPOEKTa He IIePe3alnCchIBalOTCA, a XPaHATCA Hesa-
BUCUMO, YTO ITO3BOJIAET OCYIIECTBUTEL OBICTPHIN OTKAT IIPU BLIOODE He-
yAAUHOTO pellleHus. B cBsA3W ¢ HOABJIEHMEM HaKOIIUTeJIel OO0JbIIIOoN
€MKOCTH ¥ HAJEKHBIX IIepe3allChIBaeMbIX OIITHUYECKUX HOCHUTeJeH
TaKOM MOAXOM He MMeeT TeXHUUYECKUX IMPelaTCTBUI.

Cpedcmea obecnevwenusn 6ezonacrocmu. Bo3aMOXKXHOCTH IIPOCMOTPA
U MOAU(MUKAIIMU IIPOEKTa 3aKPhIBAETCA IIAPOJBHBIM JOCTYIIOM WJIU
anmapaTHBIM KJ0UYoM. [IOoCTODOHHUME Uesl0oBEeK He NOJIKEH MMETh BO3-
MOXKHOCTU YHUTATh, PACIIEUATHIBATh U MOAUMUIIMPOBATD IPOEKT.

Ckeo3notl (10 BceM TIporpaMMaM IIPOeKTa, pasaenaaM o0bABIEHU,
KOHQUTYpAIuM U IP.) KOHMeKCMHbL NOUCK U 3aMeHa.
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Cpedcmea mecmuposanus «pa3ymrHocmu» npoexma. Becomomora-
TeJIbHBIE CPEJICTBA, MO3BOJAIOINME OTHICKATH CTPAHHBIE W HOTEHIIHA-
JIbHO OmAacHble MOMEHTHI B HporpamMmax. Hampumep, o0bABJIEHHEBIE,
HO He HCIIOJIb30BAaHHBIE II€peMEeHHBIE, MCIIOJb30BaHNe OJHOM o6JacTu
HMaMATA PAasHBIMU TEePEeMEeHHBIMU UMW B PA3HBIX MapaJiielbHBIX 3aja-
yax, IpUcCBamBaHUe PasHBIX 3HaueHuii Boixony IIJIK B ommom pabo-
yeM IUKJe U T. O. IlogoOHBIE «TPIOKMU» caMU II0 cebe He ABJISIOTCS
omubkamu. Ho oHE YacTO MPUBOAAT K CJIOYKHO O0HAPYKUBAEeMbBIM IIa-
pasuTtHbIM 3(pderTam. CpeacTBa TECTUPOBAHUSA IIOMOTAIOT OTBHICKATH
TOHKHE MeCTa B IporpaMMax, He co3JaBasi IPENsiTCTBUIA TaM, I'Jle 9THU
IpueMbl IPUMEHEHBbI OCMBICJIEHHO.

Cpedcmeéa umnopma u IKcnopma IPOEKTOB B APYTHe KOMILIEKCHI
IPOrpaMMUPOBAHUSA.

ITepeunciieHHBIe BBIIIE CPEACTBA YIIPABJIEHUA IPOEKTaAMU II03BO-
JISIOT CO3JaBaTh BBLICOKOKAUECTBEHHBIE IIPOEKTHI C MUHUMYMOM 3a-
TpaT BpeMeHH’ Ha 9TO.

3.3. Rommerkc CoDeSys

Komnneke CoDeSys paspa6oran ¢upmoit 3S (Smart Software So-
lutions). 9To yHUBEpPCAIBHBIN MHCTPYMEHT IPOTrPAMMUPOBAHUA KOHT-
POJLIEepPOB U BCTpamBaeMbIX cucTeM Ha s3bikax MOK 61131-3, He npu-
BSBAHHBIN, K KaKOUW-IM00 ammapaTHO! miaTdopMe U YIOBJIETBOPAIO-
mIuii COBPEMEHHBIM TPe6OBaHUAM OBICTPOM PaspaboOTKU IPOrpaMMHO-
ro obecneueHus (puc. 3.9).

fAnpo cucremsr ucnonuenus CoDeSys mHammcamo Ha sasbike C. Cy-
IIeCTBYET HECKOJbKO MOoAuMMpUKANUI ONTHMH3UPOBAHHBLIX MIJIA pas-
JUYHBIX MUKPOIpoIieccopoB (Bkawouasa PC-coBmecTtumsbie). asa mpu-
BaA3KU K KoHKperHoMmy IIJIK TpebGyerca ajamrammus, Kacaiomiascsd
HUBKOYPOBHEBBIX PECYPCOB — pacIipejesieHue IIaMaTH, uHTepderic
CBA3U U JpaiiBepbl BBOJa-BHIBOA.

Cpenu ocobeHHOCTell AAaHHOTO TaKeTa MOYKHO OTMETHUTH CJIELYIO-
miee.

o IIpsamas reHepanusa MamIuHHOTO Koja. I'emepatop kKoga CoDe-
Sys — 9T0 KJlacCUUEeCKUil KOMIIUJISITOP, UTO 00eclieunBaeT OueHb
BBICOKO€ OBICTPOeiCTBHE IIPOrpaMM II0JIb30BaTEe .

o Ilonuomnenunasa peanusanua MOK-A3bIKOB, B HEKOTOPBIX CIyUYadX
Iaske paciiupeHHas.

o «PasymHBIe» pemaKTODPHI A3BIKOB IIOCTPOEHBI TaKUM 00pasoM,
YTO He HAI0T AesiaTh TUIHNUYHBbIe A HaumHaomwmx MOK mpo-
rPAaMMUCTOB OIIINMOKH.
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Puc. 3.9. ®parment Busyaausanmuu kKouseiiepa B CoDeSys

e BcTpOeHHBIN dMYJIATOP KOHTPOJLJIEPA MO3BOJISAET IIPOBOAUTE OTJIAI-
Ky OpoeKTa 0e3 ammapaTHBIX cpeacTB. llpumuem smysnupyercda He
HeKuil abCTPaKTHBIN KOHTPOJLIEP, a KoHKpeTHbldt IIJIK ¢ yuerom
annapaTHoi miardopMbl. IIpy moAKJIIOUEeHUN PeaJbHOTO KOHTPOJI-
Jgepa (pexxum online) oragumK paboTaeT aHAJOTHUYHBIM 00Opa30M.

e BcerpoenHble sIeMEHTHI BU3YaJNU3allUU AAIOT BO3MOMKHOCTBH CO-
3IaTh MOMeJib 00beKTa YIpPaBJIeHUS W IPOBOAUTL OTJAAKY IIPO-
exTa 0e3 M3TOTOBJEHHUA cpeacTB mMutanuu. CyIliecTByer «oile-
panuonHasi» Bepcusa CoDeSys. 9To KOMIIaKTHOe NPUJIOKEHUeE,
BBIMIOJIHAIOIIIEEe TOJbKO BU3yaau3alinio, 0e3 cpeicTB paspaboTKU.
Bo MHOTMX TPOCTBHIX caydasX HeT HeoOXOIMMOCTU IPuobpeTaThb
ornenbHO SCADA-cuctemy. CepBeps! ganubix (DDE u OPC) Tak-
JKe BXOJSAT B CTAHJAPTHBIN MaKeT IMIOCTaBKHU.

e OueHb HMIMPOKUNA HAOOP CEPBUCHBIX (PYHKIIUHA, YCKOPSIOIIUX pa-
00Ty HmpOrpaMMMUCTA.

e B Hacrosiee Bpemsa co3gano 6osiee 150 amamrarnuii KOMILIeKca
CoDeSys. @upma 3S He CKpBLIBaeT CBOUX KJWEHTOB. Bce oHHM OT-
KPBITO B3aMMOJIEMCTBYIOT APYT C APYI'OM M COBMECTHO paboTaioT
HAJ COBEPIIEHCTBOBAHMEM IIPOIPAMMHOIO WHCTPYMEHTaPUSI.
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HaubGosiee nHTEpEeCHBIE PEIlleHUSA U OIBIT HPUMEHEeHUs o0Cy:Kaa-
IOTCA Ha eyKeroJHOM CeMUHape M YUYUTHIBAIOTCS B HOBBIX BEPCHU-
AxX maxera. Biaarogaps sTomy u, 6e3yCJI0BHO, HAJUYNIO XOpOIIeii
KOMaHALI pPaspabOTUMKOB U TI'PAMOTHOTO PYKOBOJACTBA, MaKeT
pasBUBaeTCA UCKJIIOUYUTETHLHO JUHAMUYHO.

o Jlna CoDeSys mocTymeH aZanTUPOBAHHBIN PYCCKUU IIEPEBOJ MHO-
KymenTainuu, BoimoaHeHHBIN 1K «IIposor» (cm. MHTEpHET-CCBHLI-
KU B KOHI[e KHUTN).

B mociennue roxabl (pupma 3S MpeAnpUHUMAET BechbMa YCIIEeITHBIEe
yCuIusA OJiA WHTErPUPOBAHUS PA3JIUUYHBIX MHCTPYMEHTOB B OJHOM IIa-
Kere (KOH(GUrypaTop paclpeaeeHHbIX CUCTEM, CIeIUaIn3UPOBAHHBIN
MOJIYJb YIpPaBJIeHUS IepeMeleHneM, rpaduuecKuii JoruuyecKuii aHa-
JIN3aTOp, CHUCTeMa YIpaBJIeHUs BepcusaMu u ap.). OmpenesieHue cuc-
TeMm KJacca CoDeSys kKaxk umHCTpyMeHTOB mporpammupoBaHus I[IJIK
ABJsETCA, 0€3YCIOBHO, CAUIITKOM CKPOMHBIM.

3.4. Crpoenne kommiaekca CoDeSys

BasosBriit cocTaB KoMmILiekca nmporpammupoBanus I[IJIK cocrour us
IBYX 00s3aTeJbHBIX UACTEH: CUCTEeMbl HCIIOJHEHUSA 1 pabouero mecra
nporpammucra. Cucmema ucnoinenus GyHKIIMOHUPYET B KOHTPOJLIE-
pe u, KpoMe HeIlOCPeACTBEHHO WMCIIOJHEHUs YIPaBJAOINell Iporpam-
MBI, obecmeunBaeT 3arpysky Koja MPUKJAMLHON HPOrpaMMbl M OTJA-
nouHble GYHKIMU. KEcTeCcTBEHHO, CHCTeMa MCIOJHEHUA HOJKHA MMETH
CBs3b C KOMIBIOTEPOM paboiezo mecma npozpammucma. Kaxk dpusuue-
cxku opranusoBana cBA3b IIK u IIJIK, He cronp BaskHO. B mpocreii-
miem caydae IIJIK moaktouaeTcss K KOMIIBIOTEPY Uepe3 CTAHTapPTHBIN
com-ttopt (RS232) mynb-MomeMHBIM KabeaeMmM. B ycioBusix iexa Mo-
JKeT HMCII0JIb30BAThCs 00Jiee MOMEeXOYCTOMUMBEINA 1 JaJIbHOOOWHBIN MH-
Tepdetic (RS422, RS485 niau TokoBaA meTJisA).

B xommiekce CoDeSys mocpeqHUKOM MeXXIy Cpenoil paspaboTKu u
IIJIK cayxut cnenmmajbHOe IPUJIOMKEHUE — I3 cBA3U (gateway).
IIln03 cBA3UM B3aMMOJEUMCTBYET C WHTETPUPOBAHHOUW Cpemoil uepes
Windows cokeT-coefuHeHNe, IIOCTPOEHHOE Ha OCHOBE IIPOTOKOJA
TCP/IP. Takoe coenuHeHmne oOecriednBaeT eIMHOOOpPA3HOE B3aUMOETi-
CTBUE IPUJIOKEHUH, paboTaloInxX Ha OJHOM KOMIIbLIOTEpEe MJIU B CETHU
(puc. 3.10). Biarogaps aToMy IPOTrPaMMUCT MOXKET a0COJIIOTHO IOJIHO-
IeHHO paboTaTh Ha yOaJeHHOM KoMmibioTepe. IIprueM ymajeHHOCTb He
OrpaHMYMBaETCA PaMKaMU JIOKaIbHOU cetu. ITK, BhImosHAIONIMI 3ama-
4y IILJII03a CBS3U, MOKET OJHOBPEeMeHHO B3aumoelicrBoBats ¢ IIK mpo-
rpammucTta uepes Mureprer u ¢ IIJIK uepes momeMHOe coeuHEHNE.
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Paboyee mecTo nporpammucTa MnK
LWno3 E
cBA3N
| WHTerpupoBaHHas cpeaa | | Cuctema ncnonHeHns |

Puc. 3.10. CoennHeHMe MHTErPUPOBAHHOI cpeasl mporpavMvuposanua ¢ ILJIK

Communication Parameters |
i~ Channel
n ™ - - ok
El- 'lacahest via Tep/p ISenaI [RS232, 8 bit) Iex_an.pm ;I
i Local_ = I
Mame | Walue | Cornment | ﬂl
Port Camz
Baudrate 3E00
Parity M MNew ...
Communication Parameters: Gateway i |
Caonnection: Tepdl -
I cPrP J Gateway ... |
Address:
localhost j ﬂl

Bassword: I
Port: |1 210

Puc. 3.11. Hacrpoiika KoMMyHUKannoHHBIX mapameTrpoB (CoDeSys)

ITo ymonuauuio IIII03 CBA3W HACTPOEH HA JIOKaIbHYIO padory (local
host) u sanyckaerca aBromaTuuecKku npu ycranosiaenuu csasu ¢ IIJIK
W3 WHTErpupoBaHHOU cpenbl. [iaa coemgmuenua c¢ IIJIK uepes
COmM-IOPT AOCTATOYHO TOJILKO HACTPOUTH IIapaMeTphl ApaliBepa WH-
Teppeiica (puc. 3.11) B cOOTBETCTBUU C PYKOBOACTBOM IO IIpUMEHe-
"Huo I1JIK (mopr, cKOpoCTh, KOHTPOJb ITapPUTETA U YUCJIO CTOMI-OUT).

B cocTaB 11060r0 KOMILIEKCA 00s3aTEJIFHO BXOOUT PYKOBOACTBO II0
IPUMEHEHUIO U DJIEKTPOHHAA CIpaBoOuHAas cucTeMa. ACCOPTUMEHT M0-
HONHUTENbHBIX npuiaokeHuit CoDeSys BKJIHOUaeT cepBephbl AaHHBIX
(DDE, OPC), ytunuTbl KOH(PDUTYPUPOBAHUA KOMILIEKCA, CPEACTBA
yIpaBJIeHUS MPOEKTaAMU U BePCUAMU, TECTOBbIE MHCTPYMEHTHI, CIeIH-
aJM3UpOBaHHBIE OMOIMOTEKN (MYHKINHN U PYHKIIMOHAJIBHBIX OJIOKOB.
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I'maBa 4. /laHHBIEe U TIepeMeHHbIe

IIpesxne uyeM 1epexoguTh K  HEMOCPEACTBEHHO U3YUEHUIO
MOK-a3bIK0B, HEOOXOAMMO IIO3HAKOMUTLCSA C OOIIMMHU 3JIEMEHTaMU
9TUX A3BIKOB. OOIIMe 3JIEMEHTHI CAYKAT eIWHBIM (PYHIAMEHTOM, IIO-
3BOJIAIONIUM OO0BEIUHUTH MHOTOA3BIUHBIE KOMIIOHEHTHI B OJHOM IIPO-
exTe. B riiaBe OyayT paccMOTPeHBI JaHHBIE, C KOTOPLIMI CIIOCOOEH pa-
6orate crangaprabiil IIJIK, dopmaTsel ux mpeicTaBiIeHUsa U HamboJee
001I[1e TPUEeMbI U TOHKOCTU PabOThI C HUMMU.

4.1. Tunsl faHHBIX

Tun maHHBIX TEepeMeHHOH oIpeAendeT poja WHQOpMAauu, mguala-
30H IIPeJCTaBJEeHUS W MHOYKECTBO IOIYCTUMBIX omepanuii. $I3bIKu
MOK uCIIoJb3yIOT MAE0JOTUI0 CTPOrOl IIPOBEPKU THUIIOB HAHHBIX. ITO
O3HAYaeT, UTO JIOOYI0 MepeMeHHYI0 MOXKHO MCIOJH30BATh TOJBKO IIO-
cie ee 00bABIeHUs. IIprcBauBaTh 3HAUEHMNE ONHOI IEePeMeHHOU ApPy-
TO¥l MOXKHO, TOJBKO ecJii OHU 00e omgHOTro Tuma. JlomycKaeTcs TakKe
IpucBauMBaHNe 3HAUEHUS MMePEeMeHHO COBMECTUMOTO THUIIA, MMEeIOIei
0ojiee IIMPOKOE MHOJKECTBO IOMYCTHUMBLIX 3HaueHuii. B aToMm cayuae
IPOUCXOAUT HEeSIBHOEe IIpeoOpasoBaHme Tumna 06e3 morepb. HesBHBIE
mpeobpasoBaHUS THUIOB JaHHBIX C IIOTEPAMU 3amperrneHbl. Tak, Ha-
npuMep, JOTUYECKYI0 IMePeMeHHYIO, CIIOCOOHYI0 IPUHUMATH TOJBKO
nBa 3HaueHus (mormueckme 0 m 1), MOYKHO IIPHUCBOUTHL II€EPEMEHHOI
tuma SINT (-128...+127), H0 He Ha06OPOT.

IIpu TpaHCAAIIMYU IPOTPaMMBbI BCe ITOJO0HbBIE IMOIBITKYU OTCJIEKUBA-
IOTCS W CUUTAIOTCA TPyObIMU ommubKaMu. Eciu sKe 5To JefiCTBUTEIBLHO
HeoO0XOAMMO, TO BBIIOJHHUTHL IIPUCBAWBAHNE C MOTEPSIMHU BO3MOXKHO,
HO TOJIBKO IIPU IOMOIIY CIEIUAJbHBIX olepaTopoB. OmepaTopsl Ipe-
obpasoBanus B MOK BBIIOJHSAIOT TaK:Ke U 0oJiee CIOKHBIE Ollepallii,
HaIpuMep IpeoOpasoBaHmue YUCJIa WJIU KaJeHTapHOM JaThl B TEKCTO-
BYIO CTPOKY, 1 HA00OPOT.

Hawubosnbiiee pasHooOpasue THUIIOB JAHHBIX B CTaHAApTEe IIPENY-
CMOTPEHO AJIs IPECTABIEHUA yeablx yucea. CMbICT IPUMEHEHUS IIIU-
POKOro CIIeKTpa I[eJOYMCJIEHHBIX MMEePEeMEeHHBIX B3aKJIYaeTcs B Iep-
BYIO OoUepenb B ONTHUMHU3AIUMU Koma mporpaMMbl. CKOPOCTL BBIUHMCTIE-
HUI 3aBUCUT OT TOT'0, KAK MUKPOIIPOIIECCOD OIEPUPYET C IIePeMeHHbI-
MU gaHHOro Tuma. Tak, BIOJHE OUYeBUIHO, UTO 16-paspAamHbIii Hpo-
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IIeccop BBIMOJIHAET CJIOMKEeHUe ABYX 16-paspAmHbIX 3HAUEHUN OJHON
rKomaugoii. Clo)keHne ’Ke ABYX B3HaUeHHHN 32-paspAgHBIX II€pPEeMeH-
HBIX — 3TO HMOANpPOrpaMMa M3 HEeCKOJbKUX KOMAHI.

HomonHuTe/IbHBIE 3aJePKKNU MOT'YT 00PAa30BBIBATHCS 32 CUET MYJIb-
TUIIJIeKCUPOBAHUA IIIUHBI JAHHBIX, CBA3BLIBAIOIINUX IIPOIECCOP U IIa-
MATH, 0COOEHHOCTel MUKpPOCXeM MaMATH U T. 1. B o0Imem ciaydyae, Me-
HbBIIIE II0 JUAMNA30HY IPEACTABIsIEMbIX 3HAUEHUN TUIBI MepPeMeHHbBIX
TPeOyIOT MEeHbIIle TaMaTh, MEHbIITe KO/la, 1 BEIUYUCIEHUSI C UX YUACTH-
€M BBIMIOJHAIOTCA 3HAUNTEILHO ObICTpEe.

Tuner ganaeix MOK pasgensiorcs Ha OBe KaTeropuum — 3Jie-
MEeHTapHbIe U COCTaBHBIE. JJeMeHMmMapHvle UIU 06A308ble MUNbL SAB-
JIIIOTCSI OCHOBOII IJIA IIOCTPOEHHUS COCTaBHBIX TUIIOB. K cocmasHbLm
munam OTHOCATCS IIePEUUCJIeHUsS, MAaCCUBBLI, CTPYKTYPBHI, MaCCHUBBI
CTPYKTYp U T. .

4.2. dreMeHTapHbIe TUNBI JaHHBIX

4.2.1. IlenouyuciaeHHbIE THUIIBI

IJenouucaentvie nepemenHbvle OTIUUAIOTCS PA3JUYHBIM AUAIas30-
HOM COXPAaHAEMBbIX JAHHBIX U, €CTECTBEHHO, PA3JIUYHLIMU TPeOOBaHU-
aMu K maMmsaTtu. [1ogpo0HO maHHBIE XapaKTEPUCTUKU IIPEACTABICHBI B
ciaenyooiIeil Tabaurie.

Toum Husxania Bepxunii PaauMep,

npemed npemes B OaiiTax
BYTE 8 6ur 1
WORD 16 Gur 2
DWORD 32 Gura 4
LWORD 64 Gura 8
SINT -128 127 1
INT -32768 32767 2
DINT —231 231-1 4
LINT —263 263—1 8
USINT 0 255 1
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Huxuui Bepxuuii Pasmep,
Tun .
npemed npemes B OaiiTax
UINT 0 65535 2
UDINT 0 232_1 4
ULINT 0 264_1 8

Huxkuuii mpemes guamasoHa mMeablx 0e3 3maka 0, BepXHUI mpemest
ompepesgercda Kak (2%) — 1, rome n — yucyao paspAgoB uncaa. ia dym-
ceJl cO 3HAKOM HUKHUI mpegesa —(2°1), Bepxuuii npegea (2*1) — 1.

HaumenoBaHus IEJBIX THUIIOB HAHHBIX 00PAs3yIOTCS C MIPUMEHEHU-
eM mpedUKCOB, BBIpAKAIOIUX OTHOIIEHME pasMepa K 16-paspagHbiM
caoBam: S (short *1/2) koporkoe, D (double *2) gBoiinoe, L (long *4)
miuaHoe. IIpepurkc U (unsigned) ykaswiBaeT Ha IIpeacTaBeHHe Iie-
JBIX 0e3 3HaKa.

ITepemenubie TummoB BYTE, WORD, DWORD u LWORD ompeze-
agpoTea crangzaproM kKak OuroBble cTpoku ANY_BIT. I'oBoputh o
IuamasoHe 3HAUEHHWM Yuces OJIS 3THUX IIePEeMEHHBIX BOOOIINe HEKOp-
pexTHO. OHU mpeAcTaBJASAIOT CTPOKU 13 8, 16 1 32 6UT, COOTBETCTBEH-
HO. IToMuMO oOpaIleHus ¢ TAKUMU IIePEeMEeHHBIMU KaK K eIUHBIM Iie-
JIBIM, UX MOJKHO HCIIOJIb30BATHb IIOOUTHO.

ITesbie uncsia MOTYT OBITH ITPEICTABJIEHBI B TBOMUYHOW, BOCBMEDPUY-
HOM, NeCATUYHON WJIU IIeCTHAAIATEPUYHOHN CHUCTeMe cUmcaeHusa. duc-
JIOBbIe KOHCTAHTBI, OTJIUYHBIE OT HECATUYHBIX, TPeOYIOT yKasaHUsd
OCHOBAaHUSA CHUCTEMbI CUMCJIEHUS mepen 3HakoMm «#». Hampumep:

IBOUYHOE 2#0100 1110
BOCbMEPUYHOE 8#116
IIeCTHAAIIATEPUUHOE 16#4E
JeCATUIHOE 78

s obo3HaueHUsA ITecTHAAIATEPUUHBIX ITudp orT 10 mo 15 mcmo-
JIb3YIOTCS JIATUHCKMNE OYKBBI oT A 1o F.

CuMBOJI TTIOJUEPKUBAHUSA « » He BJINUAET Ha 3HAUEHUE U HCIOJIb3Y-
eTcsA MCKJIOUNTEILHO JIA YIAYUIIEeHNs 3PUTEILHOI0 BOCIIPUATHUSA UNC-
aa. Haopumep: 10 _000, 16#01_88. ITomuepkuBaHMEe MOXKHO IIPUMe-
HATH TOJBKO MeXKIy IumdpaMyu UIU B KOHIe yucaa. [[Ba miau Oosee
MOSUEePKUBAHUSA IIOAPAL IPUMEHATh HEeJIb3sd.
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Ilpu Hava bHOU WHUIIMAJU3AIUU I1eJOYKUCJIEHHbIe IIepeMEeHHbIe
TOJIy4YaloT HyJeBble 3HaueHUA. Ecaum HeoOXOAMMO 3amaTh APYTue Ha-
YaJibHbIe 3HAUEHUA, 9TO MOKHO CIeJIaTh HEIIOCPEICTBEHHO IPU 00'bAB-
JIeHUU IIePEeMeHHOI.

IIpumepsnr:
VAR
wVar0Q, wVarl: WORD; (*2 mepemennsrx Tuma WORD*)
byVar3: BYTE; (*rumt BY TE HavasesHOe 3Ha4ueHue 07)
byVar2: BYTE := 16#55; (*tun BYTE nauanbnoe
3HaueHue 55h*)
END_VAR

byVar2 :=2#1 0 0 0.1 0 0 0; (*paBHocwmibHO 2#1000 1000%)

byVar3 :=2#1 0 0 0_1 0 0_0; (*omubka*)

4.2.2. Jlormueckun THMII

Jlozuueckue nepemernnbvle 00bABIAAIOTCA KI0UeBBIM caoBoM BOOL.
ITO 03HAYAET MX NMPUHAJIEKHOCTh K anrebpe Byns. OHu MoryT mpu-
HUMATh TOJIbKO 3HaueHue joruueckoro Hyssa FALSE (JIOKB) uau jo-
rudeckoil enuHUNLl TRUE (MCTUHA). IIpu HauanpHOW WHUITMAIN3A-
IUU JOTUUecKoe 3HaueHue mo ymoauanuio — JIOKbD.

VAR

bVarl: BOOL := TRUE;
wVar2: WORD;
END_VAR

IIpu npeobpa3oBaHUY 3HAUEHUA JIOTUUECKON MEPEMEHHON B IIEIVIO
FALSE pmaet 0, a TRUE 1.

wVar2 := BOOL_TO_WORD(bVarl); (*pesynbrar 1¥)

ITIpu o6paTHOM HmpeoOpazoBaHUU JIIOOOTO IEJIOT0 B JIOTHUECKYIO IIe-
PEMEHHYI0 UCTUHY 00pasyer Jiro00oe HeHYJIeBOoe 3HAUEeHUE:

wVar2 := 0;
bVarl := WORD _TO_ BOOL (wVar2); (*pesynsrar FALSE*)

PesyspraThl omepamnuii, ZAlOMIUX JIOTMYECKOe 3HAYEHUE, MOXKHO
npucBamBaTh nepemeHHBIM Tuia BOOL:

bVarl := wVar2 > 5000;
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ITo onpenenenno BOOL — »T0 cTpoka m3 ogHOro 6mra, HO U3 CO-
oOparkeHuil 3pGEeKTUBHOCTA KOJa IIPU aBTOMATUYECKOM paclipeiesie-
HAY IaMATH TPAHCISATOPOM IIOJ OMTOBYIO IEPEMEHHYIO BBIJEJISIeTCH,
Kak mpasujo, 1 GaiiT mamaru menumkom. Ilepemennbie tuna BOOL,
CBSIBAHHBIE C JUCKPETHBIMYU BXOJaMU-BBIXOLAMU WUJIU OIPEIeIeHHBIE C
IPSAMBIM OMTOBBIM aJpPecoM, HeMCTBUTEIBHO (PU3MUYECKU IIPEe[CTaBJIe-
HBI OJHUM OUTOM.

4.2.3. [leificTBUTEIbHbIE TUIIBI

ITepemennvre deiicmeumenvrnozo muna REAL mnpencraBiasiorT neii-
CTBUTeJLHBIC urcja B guamazoHe +10%48, M3 32 OuT, 3aHMMaeMBbIX
YUCJIOM, MaHTHUcca 3aHuMaeT 23 O6uTa. B pesyabTaTe TOUHOCTH IIPEI-
CTaBJIeHUS IPUOJIUBUTEJIBHO cocTaBasdgeT 6 — 7 mecATUYHBIX MUQP.

Hauunabiit geiicrBurenbHbiil dopmar LREAL sanumaer 64 Oura.
Yucao comep:KuUT 52-0MTOBYI0 MAHTHCCY. TOUYHOCTL IIpeACTaBIEHUS
OpubIM3UTEeIBLHO cocTaBasgeT 15 — 16 mecatuunbix mudp. duamasou
ypcesl AJUHHOTO AeHCTBUTEeJSbHOro +10%307,

Yucsa ¢ maaBaloleil 3amsaTol, 3alUCBHIBAIOTCA B (popMaTe C TOU-
Koii: 14.0, —120.2, 0.33_ mnu B sKcunoHeHIuaabHOU opme: —1.2E10,
3.1e7.

4.2.4. NarepBaJ BpeMeHHI

ITepemennbie Tuna TIME mcmonb3yoTcesa Iyis BRIPAXKeHUS UHMep-
eanos gpemernu. B orauunme or Bpemeru cyTok (TIME OF DAY) Bpe-
MEHHO!I WHTepBaJ He OrPaHWYeH MaKCUMAaJbHBIM 3HaueHUEM B
24 gaca.

Yucia, BeIpaskalole BpeMeHHOM NHTePBaJ, JOJMKHBI HAUNHATHCSA
¢ kaoueBoro cioBa TIME# nunu B cokpamiennoi opme T#. B obmiem
cayuae ImpeacTaBJieHIIe BpeMeHH COCTaBJidgeTcA U3 moJjeit npueit (d), ua-
coB (h), munyTt (m), cekyuz (s) u muaaucekyusa (ms). Ilopagox mpesn-
CTaBJIEHUA JOJIKEH OBITH MMEHHO TaKOI, XOTA HEHY:KHBbIE€ DJIEMEHTHI
MOXKHO ONyCKaTbh. [lJIA JIyUIllero 3pUTEJbHOTO BOCIPUATHUSA IIOJA JO-
IyCKaeTcs pasmesiaTh CUMBOJIOM IIOoquepKuBaHusa. Hampumep:

VAR
TIME1: TIME := t#10h_14m_5s;
END_VAR
CTapI_HI/If/i JQJIEMEHT MOJKEeT IIPEeBhIIIaTh BEPXHIOIO I'PAHUILy AUaIlla-

30HAa MpejcTaBieHuA. TakK, eciu B IPeACTABJICHUN MPUCYTCTBYIOT THU
WM Yachl, TO CEKYHILI He MOTYT IIPeBBIIIATL 3HaueHud 59. Ecau ce-
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KYHABI CTOSAT IMEPBBIMHU, TO UX 3HAUEHME MOKET ObITb M OOJIBIIINM.
CMBICJI 3TOTO IIPABUJIA COCTOUT B TOM, UTO €CJIM BBl XOTHUTE BHIPAYKATD
WHTEpPBaJl, HAIIPUMeDP, HCKJIIOUUTEJbHO B CeKYHIaX — IIOMKaJylcTa.
Ho ecau BbI 3ajelicTByeTe MUHYTBI, TO AJIS eOUHOOOpPa3Us IpPeacTaB-
JIeHUs, CeKYHIBI 00S3aHBI COOJIONATH MPUHATHIE «IIPaBUJa CyOOpIu-
HAIUK» .

TIME1L := t#1m65s; (*omubOka*)

TIME1 := T#125s; (*npaBuIBbHO™)

Moaniuii aieMeHT MOKHO IIPEeJCTaBUTh B BUE AeCATUUHOI APOo0M:

TIMEL := T#1.2S; (*paBHOCHIBHO T#15200ms*)

4.2.5. Bpemsda cyTok u mara

Tunel mepeMeHHBIX, BBIPAYKAIOIINE BpeMs OHA WJIKX JaTy, IIpej-
craBisitoTcsa B coorBercTBuu ¢ ISO 8601.

KopoTtkoe HauaasHoe
Tun
o003HAUeHHUE 3HAYeHUEe
DATE D 1 aaBapsa 1970r.
TIME_OF_DAY TOD 00:00
DATE_AND_TIME DT 00:00 1 auBapa 1970r.

Hara sanucbiBaeTca B (GopMaTe «TOI» — «MECAI» — «UUCIO0».
Bpemsa samucbiBaeTcsa B ()OpMaTe «UaChI»:« MHUHYTBI»: «CEKYHIBI» . «CO-
ThIe». JlaTa ompenesasierca KiaoueBbiM cioBoM DATE# (coxpareHHO
D#), Bpemsa gua TIME_OF_DAY# (cokpammenno TOD#), mara u
Bpemsa DATE_AND_TIME# (cokpaienno DT#).

DATE#2002-01-31 unu D#2002-01-31
TIME_OF_DAY#16:03:15.47 unu TOD#16:03:15.47

DATE_AND_TIME#2002-01-31-16:03:15.47 nan
DT#2002-01-31-16:03:15.47

Bce Tpu Ttuna gamabix ¢usumdecku 3anmmaior 4 6aiita (DWORD).
Tun TOD comep:kuT BpeMsa CYTOK B MUJLJIUCEKYHAaX HauuHad ¢ 0 ua-
coB. Tunsr DATE u DT cozep:xatr BpeMa B ceKyHAax HaumHada ¢ 0 ua-
coB 1 auBapsa 1970 rogxa.
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4.2.5. Crpokn

Tun cmporoswvix nepemennvix STRING ompenenser mepeMeHHBIE,
cojiepsKallue TeKCTOBYIO mH(popmarnuio. PasMep CTpOKM 3amaeTca Ipu
o0baBiaenun. Hampumep, o6baABIeHUe cTpoku strl, Bmermaroinei 1o
20 cumBoJiOB, u str2 — mo 60 cuMBOJIOB:

VAR

strl: STRING(20);

str2: STRING(60) := ‘IIporsxka’;
END_VAR

Eciu HauasibHOE 3HAUEHUE He 3aJaH0, TO IPU MHUIUAIU3AI U OYy-
IIeT co3laHa IycTas CTPOKAa.

KosmruecTBo HE0OOXOAMMON MaMATHU OIpPeAeaseTca 3aJaHHBIM MPU
o0baBiaenun pasmepom ctpoku. asa tuma STRING KasKABIT CUMBOJ
sagumaer 1 6aiir (WSTRING 2 6atita). CTpOKOBbIe KOHCTAHTHI 3aa-
IOTCS MEXKIY ONUHAPHBIX KaBbIUeK:

strl := ‘Tlosmer HOPpMAaIBLHBIN ;

IIpu HEo6GXOAMMOCTH IOMEIeHUs B CTPOKY KOAa, He HUMEIOIIero
IIeYaTHOr0 OTOOpasKeHUs, MCIoab3yerca 3Hak ($) u ciaemyromuii 3a
HUM KOJ U3 IBYX Hudp B IECTHAAIIATEPUYHON CHUCTEME CUMCICHUS.
I pacupocTpaHEHHBIX YIIPABIAMOIIAX TePMUHAJIBHBIX KOIOB MOXK-
HO IPUMEHUTH CJIENYIOIINe COKPAIeHUA.

0O6Go3Hauenne Kop
$$ 3HaK JoJuiapa
$’ OnuHOYHAA KaBbIUKA
$L i $1 IlepeBox CTPOKH
$N nam $n Hosasi cTpoka
$P unu $p IlepeBof, cTpaHUIILI
$R uan $r PaspbiB cTpoKU
$T i $t Tabynamusa
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4.2.6. Hepapxusa 3jieMEeHTAPHBIX THUIIOB

IIpuBeneHHas HUMKE UEPAPXUS IJCMEHMAPHbLX MUNOE TIPUMEHSIET-
cs UCKJIIOYUTEJIbHO IJIA yao0cTBa omucaHus nporpamm. Kaskmoe mawm-
meHoBanre ANY ... 00beIMHSIET HEKOTOPOE MHOKECTBO THIOB. Tak,
IpU ONMCAHUM JIF000¥ OUTOBOI omepaiuii ymoOHee yKasaThb, UTO OHA
npumenuma niasa ANY BIT, uem mepeumcasiTh BCAKUUA pa3 AOIMYCTH-
Mble 3JeMeHTapHble TUIbl. [IpumMenaTs ANY  mpu o0bABIEHUU Iepe-
MEeHHBIX, KOHEUHO, HeJIb3s.

ANY_INT SINT, INT, DINT, LINT, USINT,
UINT, UDINT, ULINT

ANY_REAL | REAL, LREAL

ANY | ANY_NUM

ANY_BIT BOOL, BYTE, WORD DWORD,
LWORD

STRING

TIME

ANY_DATE DATE, TIME_OF_DAY,

DATE_AND_TIME

4.3. Ilonp30oBaTeIbCKHE TUNBI JAHHBIX

OmnucaHue no0Jb308amMeNbCKUX Munog 0anHbvlx (KpoMe MacCHBOB)
MOJIXKHO BBITIOJIHATHCS Ha ypoBHe mpoekTa (B CoDeSys Ha BKJIagKe
«Tuner gamabix» — «OpranuzaTop O0BeKTOB»). OO0BABIEHUE THIIA
Bcerjga HaumHaeTrcs ¢ KjaoueBoro cioBa TYPE u 3akaHumBaeTcsa cCTpo-
kot END_TYPE.

4.3.1. MaccusBsl

Maccusbl TpefcTaBIaAIOT COO0M MHOMKECTBO OJHOTUIIHBIX JJIE€MEH-
TOB C IIPOM3BOJIBHBIM IOOCTYIIOM. Maccussl MOryT OBITH MHOT'OMEPHBI-
Mu. PasMepHOCTh MaccuBa W [OMAIIA30HBI MHIEKCOB 3aJal0TCA IMIPU
00bABIEHUN (CM. IPUMED 3aJaHUA TPEXMEPHOTO MAaCCUBa):

<Hwmsa maccusa>:ARRAY
[<lil>..<hil>,<li2>..<hi2>,<li3>..<hi3>] OF <mun saemenma>;

rpe lil, 1i2, 1i8 ykaspIBaloT HMMKHHNE Ipeaenabl MHAeKcoB; hil, hi2 u
hi3 — Bepxuwme mpenenbl. MHIEKCHI MOMKHBI OBITH I[€JOr0 THUIIA U
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TOJIBKO IIOJIOMKHTEJIbHBbIE, OTPpUIaTeJIbHbI€ WMHIEKCHI HMCIIOJIb30BaATh
HEeJIb3d.

IIpumepsl 06BABIEHUSA MaCCUBOB:

XYbass: ARRAY [1..10,1..20] OF INT;
TxtMsg: ARRAY [0..10] OF STRING(32);
Mass1: ARRAY [1..6] OF SINT :=1,1,2,2,2,2;
Mass2: ARRAY [1..6] OF SINT := 1,1,4(2);

JBa HM)KHUX TpUMepa IMOKAa3bIBAIOT, KAK MOYKHO BBITOJHUTL WHU-
raJnu3aIinio dJeMeHTOB MaccuBa pu o0bsaBiaenuu. O6a mpumepa co-
3IaI0T ONMHAKOBLIE MacCUBLI. B mepBOM IIpuMepe Bce HadyaJbHbBIE 3HA-
YeHUs MPUBEIEHbI Uepes 3amATyi0. Bo BTOpoM mpumMepe IIPUCYTCTBYET
cokpairernue N(a,b,c..), KoTopoe 03HAUYAaeT — IIOBTOPUTHL IIOCJIENOBA-
TEJIBHOCTD a, b, ¢.. N pa3. MHoroMmepHble MACCUBBI MHUIIUAIN3UPYIOT-
csA TOCTPOYHO:

Mass2d: ARRAY [1..2,1..4] OF SINT :=1,2,3,4,5,6,7,8;

Pesyabrar nnunuanusanuu Mass2d mokasan ma puc. 4.1.

< PLC_PRG [PRG-5T) 1 [=]

o001f G

ass2d[1,1]=1
----- Mass2d[1,2] =2
----- Mass2d[1,3] =3
----- Mass2d[1,4] = 4
----- Mass2d[2,1]=5
----- Mass2d[2,2] = &
----- Mass2d[2,3]1=7
----- Mass2d[2,4]=8

|4

Puc. 4.1. PesyapraT HavyaJbHOU MHUIMAJM3AIUN MaccuBa Mass2d

Ona gocTyma K 9JeMeHTaM MacCUBa NPUMEHSETCS CJeIyIoIuil
CUHTAKCHUC:

<Umsa_maccusa>[Hudercl , Mdnodexc2,Unoerc3]

st 1IByXMEpHOTO MacCHBa MCIIOJIb3YIOTCS aBa mMHAeKca. s on-
HOMEPHOI'0, OUeBUIHO, JOCTATOYHO OofHOro. Hampumep:

XYbass[2,12] := 1;
i := STR_TO_INT(TxtMsg[4]);
Ecsu 570 He IPUHIIUIUAILHO, UCIOJB3yiiTe B MACCUBAX HYMePAI[Aio

¢ 0. B aToMm ciyuae BeIumciieHre (GU3NYECKOT0 afgpeca dIeMeHTa [IPU KC-
oJIHeHUY mpoine. B pesysbraTe KoJ OJIy4YaeTcsi HECKOJIBKO KOPOUe.
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4.3.2. CTpyKTYypHI

Cmpyxmypsl. IpefHa3HAUEHBI AJIA CO3JAaHUA HOBBIX THUIIOB JaHHBIX
Ha OCHOBE 3JIEMEHTOB pPasHbIX 0a30BbIX TUHOB. C IepeMeHHOHW TuIia
CTPYKTYypa MOKHO 00pamiaThCsa KaK ¢ eINHBIM 9JI€MEeHTOM, IIepeaBaTh
B KauecTBe IIapaMeTpa, CO3IaBaTh YKasaTesJu, KOMUPOBATh U T. I.

B orsmume oT MaccMBOB CTPYKTypa MeHCTBUTEIHbHO BBOAUT HOBBIM
TUI JaHHBIX. JTO O3HAYAET, UTO MO IPUMeHeHUs KOHKPEeTHOI mepe-
MEHHOM HY’KHO BBITIOJHUTHL KAK MUHUMYM ABa o0baBIeHuA. CHavara
HYKHO ONMCATh CTPYKTYpPY. OnncaHue CTPYKTYPhI IPOUCXOAUT T0ba-
JIbHO, Ha ypOBHe mpoeKTa. OmrcanHas CTPYKTypa MOJaydaeT udenmu-
durxamop (uma cTpyKTypsl). Ho 9TO elle He mepeMeHHAas, STO HOBBIH
TUI JaHHBIX. Temepb, MCIOJIB3Ysd HOBBIM HAEHTU(GUKATOP, HYIKHO
00BABUTH ONHY WJN CKOJBKO YrOZHO II€PeMeHHBIX, TOUYHO TaK iKe,
KaK u AJid 6a30BBIX THUHOB. TOJBKO Teleph IlepeMeHHas HOBOTO TUIIA
MOJIyYaeT «TeJeCHYIO O00JOUKY» WM, UHBIMHU CJIOBAMHU, KOHKPETHOE
MeCTO B ITaMATU JaHHBIX.

Ob6ss8aeHUe CMPYKMYPbL OOMYKHO HAUMHATHCS C KJIOUEBOTO CJI0Ba
STRUCT wu saxkanumBaTbcs END_STRUCT. Cunrakcuc o0bABIEHUA
BBITJIAAUT TaK:

TYPE <Uwmsa_cmpyxmypor>:

STRUCT

<O06@sa8/eHue nepemenHoil 1>

<O00®s8J/eHUe NepeMeHHOl n>
END_STRUCT
END_TYPE

IIpumep 00bsABICHUSA CTPYKTYPHI 10 uMenu Trolley:

TYPE Trolley:

STRUCT
Start: TIME;
Distance: INT,;
Load, On: BOOL;
Articl: STRING(16);

END_STRUCT
END_TYPE
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O0bsaBienne B mporpamme mnepemenunoir Telegal tuma Trolley u
HaYaJIbHAS WHUIMNAIUSAIUSA CTPYKTYPBI BBITVISAUT TaK:

Telegal: Trolley := (Articl:="IIycToit’);

CocrosiHMEe 2JIEMEHTOB IIOCJIe HauajabHOW mHunuanusanuu Telegal
moKasaHO Ha puc. 4.2.

0006 JArticl = 'Thycroi’ -

Puc. 4.2. Pesyaprar HauaasHOU mHHUIMaau3amuu Telegal

IIpu mavasbHON WHUIIMAIU3AINU He 00A3aTeJbHO 3aJaBaTh 3HaUe-
HUS IJIs BCeX 9JIEMEHTOB. DJEeMEHTbhI, He MMeIoIre SBHO yKasaHHBIX
HaYaJIbHBIX 3HAUEHUI, II0 YMOJYAHUIO OJIyYaT HYJeBble 3HAUEHUS.

Haa mocTyma K aJeMeHTaM CTPYKTYPhI MCIIOJIb3YEeTCA CJIeHYIOITUHA
CHUHTAaKCHUC:

<Hwma_nepemennoit>.<Hmsa snemenma>
Hanpuwmep:
Telegal.On := True;

CTpyKTypBbI MOTYT BKJIOUATh APYTUe CTPYKTYPhI, MACCUBLI U CAMU
00pas3oBbIBAaTh MaccuBbl. I[IpuMep OOBABICHUSA W WHUIHAIU3AIINU
MaccuBa CTPYKTYP:

TrolleySet: ARRAY[0..2] OF Trolley := (Articl := ‘T 1°),
(Articl := ‘T 2’), (Articl := ‘T 3’);
TrolleySet[i].On := TRUE;

Ecnu cTpyKTypa COAEP:KUT BJIOKEHHYIO CTPYKTYPY, TO AOCTYI K
2JIEMEHTAM BJIOXKE€HHOM CTPYKTYPHI OCYIIECTBJISAETCS C IPUMEHEeHUEeM
COCTaBHOTO MMEHM, COIEPIKAIIEeTO [BE TOUKU:

train.wagon[5]. weight; (*wagon[] BIoKeHHBIH MacCUB CTPYKTYp*)

ITockogbKY (puUBHUECKUII pasMep 3JEeMEHTOB CTPYKTYPBhI M3BECTEH
TPAHCJAATOPY 3apaHee, obOpallleHVWe K 3JIEeMEHTY CTPYKTYpPhI He JaeT
Kakux-aub0 HaKJaJHBIX PACXOJO0B B CPAaBHEHUU C MPOCTOM IIepeMeH-
Hoi. TpaHCAATOP MMeeT BOBMOYKHOCTh PACCUUTATh aOCOJIOTHBIE ajape-
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ca 9JIEMEHTOB NpPU KOMIIUJIANUHN. HKCTECTBEHHO, 3TO HE OTHOCUTCHA K
MaccuBaM CTPYKTYpP. UToOBI He mMMeTh IIPo0JeM IIPU MCIIOJIb30BAHUU
HECKOJIbKUX PAa3JIMUYHBIX IIEPEMEHHBIX OJHOW CTPYKTYPBI, IPUMEHATH
OpsSMBbIe agpeca B CTPYKTYpe HeJIb3d.

4.3.3. Ilepeuncaenus

ITepeuucnenue mO3BOJSIET OMPENEJUTh HECKOJBKO IIOCJIeI0BATEIb-
HBIX 3HAUEHUII IepeMeHHOW M NPHUCBOUTh MM HanmMmeHoBamus. Ilepe-
YHCJIeHe — 3TO YAOOHBINI MHCTPYMEHT, ITO3BOJIAIONIUMN OTPAHUYUTD
MHOKECTBO 3HAUEHUIl IepeMeHHOW M YCUJIUTh KOHTPOJh IIPU TPaHC-
aamuu. Kak u cTpyKTypa, IepedmncjieHre CO3JAaeT HOBBIA THII IaH-
HBIX, OIpeeIeHre KOTOPOTO BHIMOJIHAETCSA HA YPOBHE IIPOEKTA:

TYPE <Hwmsa nepeuucaenus>:
(<Onemenm 0>, < daemenm 1>, ... < dnemenm n>);
END_TYPE

O0baBIeHHAsA TO3MHEe IepeMeHHasa Tuna <Hmsa nepeuucnienHus™>
MOJKeT IPUHUMATL TOJLKO IepeuncjaeHHble 3HaueHusa. IIpu mHUIIMIA-
Jusanuy IIepeMeHHas IoJydYaeT IIepBoe M3 CIucKa 3Hauenue. Eciu
YUCJIOBbIE 3HAUEHUS 3JIEMEHTOB IIePeUUCJIeHUs He YKa3aHbl IBHO, UM
IpHuCBaMBalOTCA IIOCJIEeN0BAaTEeIbHO Bo3pacTarolue uncaa HaunHas ¢ 0.
dakTUUECKU JIEMEHT Iepeuncjenus — 31o uucgo tuma INT ¢ orpa-
HUYEeHHBIM HabopoMm 3HaueHmuii. Eciu Heo6X0AMMO, 3HAUEHUSA DJIE€MEH-
TaM MOJKHO IIPHUCBOUTH ABHO HPU OOBABJEHUU TUIIA IE€PEUNCTCHU.
Hampumep:

TYPE TEMPO: (Adagio := 1,Andante := 2,Allegro := 4);

END_TYPE

W nerTndrKaTOPHI 9JI€MEHTOB II€PEUNCIEHN UCIOJIb3YIOTCA B IIPO-
rpaMMe KaK 3HAUeHUSA IIePEeMEeHHOM:

VAR

LiftTemp : TEMPO := Allegro;

END_VAR

Ecnu B pasHble mepeyncieHnsa BKJIUYEHbI 3JIeMEHTHI ¢ OMUHAKOBBI-
MU UMeHaM!1, BOBHUKAEeT HeOMHO3HAYHOCTD. [[J1s1 perreHus 9Toi mpoo-
JIeMBbI ~ IIpUMeHdAeTcA  NpeduKc, COAep:KaIuil  IepeuucjeHue:

TEMPO#Adagio. B CoDeSys Bce HanMeHOBaHUS 9JI€MEHTOB II€peurc-
JeHus 00sI3aHbI OBITh YHUKAJIbLHBIMMU.
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4.3.4. OrpanunueHne quamna3oHa

Tun nmepeMeHHBIX C 0ZPAHUYEHHbLM OUANA30HOM 3HAUEHUIl TI03BO-
JIAE€T OIPENEeJIUTH AOINYCTUMOE MHOYKECTBO 3HAUEHUH IIepeMeHHOM.
O0BbsaBIeHME TUIIA TTIEPEMEHHOM ¢ OTPAHNUYEeHHBIM JUATTa30HOM JOJIMKHO
IPOUCXOAUTH HEIIOCPeACTBeHHO MexXKay KiaioueBuiMu cioBaMu TYPE u
END_TYPE:

TYPE <Hms> :
<IJenwiit mun> (<om>..<00>)
END_TYPE

Hanpuwmep:

TYPE DAC10:
INT (0..16#3FF);
END_TYPE

IIpumeHeHUEe TepeMeHHOU ¢ OrpaHWUYEHUEM Jualla3oHa IIOKaKeM
Ha IIpUMepe:

VAR

dac: DAC10;
END_VAR
dac := 2000;

IIpu HDONBITKE TPAHCAAIMY JAHHOTO IPUMepPa BOSHUKAET 3aKOHHASA
omoKa:

Error: Type mismatch: Cannot convert ‘2000’ to
‘INT (0..1023)".

4.3.5. IlceBIOHUMBI THIIOB

IIpoGsiema BbIOOpaA MOAXOAAINETO TUIIA JAHHBIX HE BCErja pelrnaer-
ca Jierko. JlomycTtuM, BbI paboTaeTe ¢ TeMIIEpaTypoOil, 3aMepeHHOI
16-paspagaeim  AIIIl. MokeT su OBITH TeMIlepaTypa TOJIBKO BBIIIE
HYJIS WX Korga-inbo morpedyercss paboTaTh B OTPUIlATEIbHOI o0Jac-
TH, eIlle He COBCEM OUYEBUIHO. B OAHOM ciiyyae HYJKHO MCIOJH30BaTh
tun mepemeHHBIX UINT, a B gpyrom — INT. 3zmech ymob6HO ompeje-
JIUTH HOBBLIM THUII JAaHHBIX:

TYPE TEMPERATURA : UINT;
END_TYPE
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Hanee Besme B mporpamme Bbl ucrosbsyere Tun TEMPERATURA
npu OObABJIEHUN IE€PeMeHHBIX. Eciau BAPYr IOHAZOOUTCS M3MEHUTD
tun Temieparypbl Ha INT, To 3T0 Jerko um ObICTPO MOKHO OymeT cre-
JIaTh B OJHOM MecCTe.

Amnanoruunsie ncegloHUMb. MUN08 ymoOHO cO3MaBaTh OJA JIO-
OBIX YACTO MCIIOJb3yeMBLIX B IIporpaMMe THUIIOB. Hampumep, njs
MAacCCHBOB HJIM IPYIUX TUIIOB, UMEIOINX AJUHHOE U HEeBLIPA3UTEJb-
HOe oIpefeseHne.

4.3.6. Cnemudura peamusanuu tunos gaHnHeix CoDeSys

CraHAapT TOJBKO OIpeeisgeT COBMECTUMbIe TUIIBI JaHHBLIX, HO He
TpedyeT 00s3aTeNbHON MOAAeP:KKHN BCeX THUIIOB JJIS BCEX peausaliuii
cucrem MOK-nporpammupoBauusa. CoDeSys umeer Hamnbosee MOJIHYIO
MOAMEP:KKY CTAHIapTHBIX TUIIOB. HO maske OH B HACTOsIllee BpeMs
(Bepcus 2.2) He mommepsKuBaeT 64-paspAmHble IeJble U TEKCTOBLIE
crpoku Unicode.

Kpome Toro0, OorpaHMUeHTe MOAAEPKUBAEMBIX THUIIOB JAHHBIX BO3-
MOXKHO Ja)ke B PaMKaxX OJHOTO KOMILJIEeKCa MPOrPaMMUPOBAHUS MAJIsA
pasHbIX KOHTpOJIepoB. Tak, BochbMUpa3pAAHBIA reHepatop koma Co-
DeSys He mopmep:KuBaeT neliCTBUTEJbHBIE IIePeMeHHbIe, IIepeducJie-
HUA ¥ IIepeMeHHbIe, BBIPAYKAIOIINEe BPEMs CYTOK U KaJeHJapHYIO
mary. Orpanndyenue MOAIEeP:KKU TUIOB JUKTYETCA MOCTUKEHUEM MU-
HUMAJBHONM CTOMMOCTU IIPM MaKcUMaJdbHOII spderTuBuHocTu ILJIK
pasnuuHBIX Kareropuii. Tak, moJHasA peaausalnusa AApa CUCTEMBI HC-
nosnuenusa CoDeSys (BKJouas oTJamouHble QYHKIIUU U TPACCUPOBKY
sHaueHuii mepemenubix) aasa Intel 8051 coBmMecTHMOro MHUKPOKOHT-
posnepa Tpebyer Bcero 6 K6 mamsaTu Koma. EcTecTBeHHO, UTO U KOJ
OPUKJIATHON IMPOTPaMMBbl TOJIXKEH OBbITh MAKCHUMAJbHO KOMIIAKTHBIM,
I Yero IPUXOAUTHCA UATU Ha OUpeneJeHHBIe KoMmIpomucchl. Ho
Opu HEOOXOAWMOCTHU JIOObIe CIIeIMaJu3upPOBAHHBIE THIIBI AAaHHBIX
MOXKHO OIIpeNeIUTh Ha 0ase 9JIeMEeHTAPHBIX TUIOB U IOALEePIKATH IIPU
oMol GuOJIUOTEK.

B CoDeSys HeT orpannuyeHus Ha CIIOCO0 IIPMMEHEHNS ONTOBBIX
ctpok. B pesyabrare Tunkl BYTE, WORD u DWORD Mo:xHO TpuMe-
HATH B omepanusax, Tpedymoomux 1menabix 6e3 3Haka (USINT, UINT u
UDINT), 0 He Ha060pOT.

Brayrpernnuit ¢gopmar mnepemenHbix Tuma TIME crammaprom He
orpanuueH. B CoDeSys mHTepBaJIbl BpeMEeHU XPAHATCA B I€PEMEHHON
Tuta DWORD B MuaincekyHgax, uTo obeclieumBaeT MIpeAcTaBICHNE
uHTepBaJIoB ouTu 50 CyTOK.

Ecau gamaa ctpoku STRING mpu o0bABIeHUM He yKasaHa, TO
npuHUMaeTcsa 3HaueHue mo ymosauanuio — 80 cumBoaoB. B CoDeSys
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UCIIOJIL3YIOTCA HYyJbTepMUHUPOBaHHbIE (Kak B C-KoMOmasTopax)
crpoku. To ecTh IOJ CTPOKY BCerJa 3apaHee BBIJENAETCA 00JIACTh IIa-
MSATUA 3aJaHHOTO MaKCUMAaJIbHOI'O pasMepa. Jliobas CTpOKa OKaHuuBa-
eTCs HYJIEBBIM 0aHiTOM, KOTOPHIN He BXOAUT COCTAB CTPOKU, & CIYKUT
UCKJIIOUUTEJIbHO AJISI OIpeAesieHus KOHIA CTPOKU (QYHKIMSMH, OIle-
PUPYOIIUMHU CO CTpoKaMu. IIycTas cTpoKa COCTOUT U3 eTUHCTBEHHOTO
HyJieBoro 6aiira. Ilpu o0bABIEHNN CTPOKN HEOOXOAMMO 3aJaBaTh pas-
Mep Ha eIWHUILY OOoJIbIlle HeOOXOZUWMOTO IJIA CHUMBOJIA «KOHEI] CTPO-
Ku». Takasa (opma mpeacTaBiIeHus Hambojsiee KomIakTHa (Bcero 1
BCIIOMOTATeJbHBIN 0aiiT), HO, OUeBUAHO, He ONTHUMAaJbHA B IJaHe ObI-
crpozeiicTBusi. Eciu, HanpuMep, HYKHO CJAUTH JBE CTPOKHU, TO PYHK-
mua KOHKAaTeHAllUU CTPOK o0s3aHa cHauvaja HaWTU, TAe KOHUAETCHd
mepBas CTPOKa. B Ipyrux cucremMax IIPOrPaMMHUPOBAHUSA MOIKHO
BCTPETUTH PeaJM3aIUI0 CTPOK B BUJAE CTPYKTYPHI, COAEPIKAIIeil MaK-
CUMAaJbHBIA pasMep, TEKYIIYIO AJUHY CTPOKKU U caMy CTPOKY (Maccus
6atiT). Boob1e ke pabora co crpokamu B IIJIK TpebGyercsa He dacTo.

s moanep:KKy IMPOBEPKU 3HAUEHUI IIePeMEeHHBIX C OrpaHUYeH-
HBIM [AUAMlasOHOM BO BpeMsi pPabOThI CHCTeMa HCIOJHEHUS IOJIKHA
IPEeNOCTaBIATEL cpefcTBa KOHTpoasaA. B CoDeSys sTa 3amaua periaercs
IOCTATOUYHO M3AIIHO — [OeHCTBUA, KOTOPbIE BBIIOJHSIOTCH, IIPU IIO-
OBITKE BBIXOJA 34 [AUAMA30H OIPEeNessioTCAa mIporpamMmucToMm. s
atoro ciay:kar crnenuanbHble GyHKIuN (CheckRangeSigned, Check-
RangeUnsigned), KoTopble HE0OOXOAMMO BKJIIOUNTL B IpoeKT. Ha Bxo-
Ie (PYHKINK [MOJyJYaloT TPHU IIapaMeTpa: [Be TIPAHUILI IUAla30HA U
sHaueHne. Jlobasg HeoOXomuMas peaKIUsa Ha HapyIIeHUE TPaAHUIL
(orpaHuueHNe IIePeMEeHHOM, MHANKAIIUA OITNOKU U T. J.) OIKICHIBaEeT-
cs B Tejle PYHKIINUI KOHTPOJIA.

4.4. IlepemenHbIE

Kaxknas nepemennas o006A3aTeslbHO MMeeT HAaMMEHOBAHWE W THUII.
CyILIHOCTDh IIePEeMEeHHOI MOJKeT ObITh pas3andyHoi. IlepemMeHHAas MOMKeET
mpencTaBasaTh Bxonx mau Beixon IIJIK, manmHble B OomepaTUBHOM MU
9HEProHe3aBUCUMON mamMATu. Jlajsee MbI PACCMOTPUM IIpaBUJia 00bSAB-
JIEHUST ¥ HEKOTOpPhIe MIPaKTUUYECKUe CJAO0MKHOCTU U TOHKOCTH, BOBHUKA-
forue Opu pabore ¢ MepeMeHHBIMH.

4.4.1. UnentuduraTopsl

HUms nepemennoil (ee naeHTUPUKATOP) MOJIKHO OBITH COCTaBJIEHO
U3 MmevaTHBIX CUMBOJIOB W nudp. Iudpy Heabss cTaBUTH HA IIepPBOE
mecTo. IIpobesibl B HanMeHOBAHUY MCIIOJIb30BaTh HEJIb3sS. BMecTo HUX
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00BIYHO IIPUMEHSEeTCA CUMBOJI MoguepKuBanus. CUMBOJI ITOJUYepKUBa-
HUS ABIAAeTcs 3HauuMbIM. Tak mmena ‘Varl’, ‘Var 1’ m ¢ Varl’ as-
JISIOTCSA PA3NIUYHBIMU. [[Ba TOAUEPKUBAHUS HMOAPAT MCIOJH30BATh He-
ab3si. Perucrp 0ykB He yuuTbiBaerca. Tak ‘VAR1’ u ‘Varl’ oguo u TO
Ke. Kax MuHHMyM, 6 OEepBBIX 3HAKOB HIAEHTUMUKATOPA SABJISIOTCS
3HAUMMBIMHU IJI BCeX CHCTEM IPOTpaMMUPOBAHUSA.

B CoDeSys Taxoro orpaHuuYeHusa HET — BCe CHMBOJILI HanMeHOBA-
HUSA ABJIAIOTCA 3HAUNMBIMU. CUMBOJIBI KUPULAUYbL (DYCCKOTO A3BIKA),
K COKaJIeHWIO, B UAHTU(PHUKATOPAX IIPUMEHSTh HeJb3A. OTO OTPaHU’-
YeHMre XapaKTepPHO AJId BCeX IIPOTrPaMMHBIX CHUCTEM.

Ananoruunbie TpeOOBaHUSA OTHOCATCA U K JIOOBIM HAEHTU(PUKATO-
pam MBR-H?OI‘paMM (KOMIOHEHTHI, METKU, TUIBI U T. [.).

4.4.2. PacnipeneseHue maMsaTH IIepPeMeHHBIX

KouTrposaep ¢ Touku s3penusa MOK mporpaMMbl MMeeT HECKOJILKO
obaacreil maMATH, UMEIONIIUX Pa3HOe Ha3HAUeHUe.

1. O6aacts Bxomos IIJIK.

2. Obaacts Beixomos I1JIK.

3. O6yacTh MPAMO aapecyeMoi ImaMATH.

4. OmeparuBHasa MaMATh moab3oBaTens (03Y).

Annapatusie pecypcesl IIJIK mpucyrersyior B MOK-mmpoekTax B He-
saABHOU GopMme. PaszmernieHre mepeMeHHON B OZHOU M3 TPeX MIEPBBIX 00-
JacTeil IPUBOAUT K €e CBSA3HU C OIpeAesIeHHOI ammapaTypoil — BXoza-
MU, BBIXOJAMU WU IIE€PEMEHHBIMU CHUCTEMbI MCIIOJHEeHUS (IUarHOCTH-
Ka MopmyJei, HacTpoliKa ImapaMeTpoB AApa U T. A.). Pacupenesienue 1me-
PEeMeHHBIX B 9TUX 00JacTAX ompenenserca usrorosurenaem IIJIK. IIpu-
BSI3KA K KOHKPETHBIM aJpecaM 3aJaeTcs IPU IIOMOIIY IPAMOM ajapeca-
muu. I[ns obecrieueHUA IT€PEHOCHMOCTHU ITPOTPAMMHOTO O0ecIeueHM’s
OpsaMbIe afpeca HYsKHO HCIIOJB30BATh TOJHKO B pasfese O0bABICHUMH.
B sspIkax mporpaMMuUpOBaHUSA CTaHAAPTA HE IIPEIyCMOTPEHO oIlepa-
U TPAMOTO YTEHUS BXOJOB-BBIXOJOB. OTY PabOTy BBITOJIHSET CHCTE-
Ma ucmoJiHeHus. IIpu HeoOXOoAUMOCTU AJiS HH3KOYPOBHEBOTO obOparife-
una usrorosurenaeM IIJIK mocrasisioTes crenuaabHble OMOIHMOTEKN.

O0baBIeHNe TepeMeHHOH 6e3 mpedpurca AT pusuuecKkn osHavaeT
BBIJIeJIEHNE el onpeneeHHon namaru B ooaactu O3Y. Pacupenenenue
moctynHoit mamMatu O3Y TpaHCIATOP OCYIIECTBJSIET aBTOMATUYECKH.

IlepemeHHbBIe IPUHSATO PA3AeasiTh HA IJI00aJbHBIE U JIOKAJIbHBIE II0
obnactu BugUMOCTU. ['700aNbHbLE nepeMeHHble OIPENEeNAITCA Ha
ypoBHe pecypcoB npoekra (VAR_GLOBAL) u gocTynHbI A BCexX MpPo-
rpaMMHBIX KOMIIOHEHTOB IPOEKTAa. JIOKAIbHbLe NepeMeHHble OIUChIBA-


Андрей
Примечание
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IOTCA IPU O0'BbSIBIEHNU KOMIIOHEHTA U JAOCTYIIHBI TOJIbKO BHYTPU HEro.
Onucaxue J10060ro IIPOrpaMMHOrIO KOMIIOHEHTA COAEPIKUT, KaK MUHI-
MYM, OAWH pas3faes 00baBJIeHUS JOKAIbHBIX mepeMeHHBIX VAR, mepe-
menHbIX uHTepdeiica VAR_INPUT, VAR_OUTPUT, VAR_IN_OUT
u BHeImHuUX ryobanbHbIXx mepeMeHHBIX VAR_EXTERNAL (cm. mo-
npobuee « KOMIIOHEHTHI OPraHMU3AIIUY IIPOTPAMM » ).

HaumenoBanus pasgeioB O0bABICHUS IMEPEMEHHBIX MOTYT COAEp-
JKaTh MOMOJIHUTEJbHBIE KJIOUEeBBLIe CJI0BA, YTOUHSAIOIINWE CIIOCO0 MIpH-
MeHeHU.

Karouesoe cioBo IIpumeHeHne mepemMeHHON

IlepemenHBIE HY)KHO Pa3sMeCTUTh B DHEPrOHE3aBUCH-
MOW IaMATU, COXPAHAIOINIEN 3HAUEHUS NIPU BBIKJIO-

RETAIN
yeHHOM nuTaHuu. Takasa maMaTh He SABJsgeTcA 00s3a-
TEJILHOU ¥ IPUCYTCTBYET naJjieKo He BO Bcex IIJIK
CONSTANT KomcTauThbl, JOCTYITHBIE TOJBKO IJIA UYTEHUSA

4.4.3. IlIpamasa agpecanus

st codmaHmusi npamo adpecyemoil IepeMeHHON MCIIOJIb3yeTCs CJie-
Iymolee o0bABICHNIE:

UMs nepemeHHoil ATY% npamoit adpec mun;

IIpsamoii agpec HaunHaeTcsa ¢ OYKBbBI, OIpemedrolneii o6gacTh Ia-
MATU:

CumBoa O6sacTp maMaTu
I ObJsacTh BXOLOB
Q 0O0s1acTh BBIXOZIOB
M IIpsamo agpecyemasa maMsThb

Hamee ciegyer cCUMBOJI, OTIPENESIONINN TUII IPAMOTO agpeca:

Cumsoa O6sacTp mamMATH

HET Bur

X Bur
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Cumaoua Oo0gacTe mamMaTu

Baiir

CioBo

I BoitHOE CJIOBO

oY g w

JvHHOE CJIOBO

3aBepIiiaeT OpAMOIi aJpec YNCJI0 — COCTABHOM MepapXUUecKUil aj-
pec, moJiA KOTOPOTO pasfeseHbl TOUKOIM. B mpocTeiiriieMm ciydyae MCIIO-
JIb3yeTcs ABa IOJIs aJpeca: HOMED dJieMeHTa M HoMmep OuTa.

B KoHIle 00BABIEHUA, KaK U [IJs aBTOMATHUECKH PasMeIaeMbIX
mepeMeHHbIX, HeOOXOAUMO yKasaTh TUIl IepeMeHHoi. [Ipu ykasauuu
ajgpeca OJHOrO OMTA THUII IIepPeMeHHOII MoKeT ObITh TOJIbKO0 BOOL.

B npsamom azmpece ykasbIBaeTca MMEHHO HOMED dJeMeHTa. ITO KO-
PEHHBIM 00Pa30M OTJMYAETCS OT (PUBUUECKUX aJPEcOB MUKPOIIPOIEC-
copa. Eciu mpsamoii agpec ompepenser 6aiiT, To HOMED dJeMeHTa —
9T0 HOMep Oaiita. Eciu mpsamoii agpec ompenessieT CJIOBO, TO HOMEP
3JIeMeHTa — 3TO HOMEp CJI0Ba, U, eCTECTBEHHO, OJWH DJIEMEHT 3aHU-
maer nBa Oaiita. Tak, caegyoolue Tpu O00BbABICHUS aAPECYIOT OAUH U
TOT Ke OaiT:

dwHeat AT %MD1: BYTE;
wbHeat AT %MW2: BYTE;
byHeat AT %MB4: BYTE;

Hywmepaiuio s/ieMeHTOB HaMATH IJIA JaHHOTO IIPUMepPa WJIJIIOCTPU-
pyeT cienyioias TabIuIia.

D | |
W 1 2 3
B 0 1 2 3 4 5 6 7

Ha cayuaii, eciz Takas cxeMa OKa’sKeTCs IIOUeMy-JI1100 HelpueM-
aemoii, komnuaaTop CoDeSys mmeer cnenuanbHBIN GJIaKOK, IIPUHY-
OUTEJIBHO BKJIOUAIOMIUN 6ailmosyio adpecayulo Njid BCEX TUIOB.

B xamxmoii obsacTu ImaMsaTH ajpecalins dJeMeHTOB HauWHAaeTCs C
HyJs. Pusuueckoe pasMellleHNe IPAMO aapecyeMbIx obaacteit B O3Y
ompeneasgerca Koudurypamnuein KouTpoJiepa. OueBHAHO, UTO COIIO-
cTaBJIeHUe UAeHTU(PUKATOPOB IIePEeMEeHHBIX IIPAMBIM aJpecaM sBJISIeT-
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cs IeJioM, TPeOyIMuM O0JBINON akKKypaTHocTu. [losToMy AJIA CIOMK-
HBIX MOIYJBHBIX KOHTPOJIJIEPOB IIPUMEHSAIOTCA CIelluajabHble (Gup-
MeHHBbIe KOH(UIypaTophl, MOAKJIOUaeMble K O000JIOUKe KOMILIEKCa
OIpOorpaMMUPOBAHUSA U II03BOJISIONINE rpaduuecku «cobpars» ILJIK u
OIIpeleIUTh Bce HeoOXoAUMbIe NHTepP(eicHbIe TTepeMeHHbIe.

Bxoawr ITJIK — 9T0 mepemMeHHBIE ¢ IPAMBIMU agpecaMu B obJiac-
T I. OHM JOCTYHHBI B IPUKJIATHBIX IPOTpaMMax TOJBKO IO UTEHUIO.
Beixogel Q — ToabKoO 1o 3amnucu. Ilepemenubie B obsactu M mocTyil-
HBI [I0 3AMMCU U YTEHUIO.

B o6sactu mamaTu M pasMmelnaioT OOLIYHO IIepeMeHHBbIe, KOTOphIe
HEeJb3s OJHO3HAUHO OTHECTHM K BXOJaM WJX BBIXOZaM. ITO MOTYT
OBITh AUMATHOCTHUUYECKME Pecypchl MOAYJIeH, mapaMeTphl CUCTEMBI HC-
TOJHEHUA U T. [.

IIpsamble agpeca MOYKHO KCIIOJIB30BATH B IIPOrpaMMax HEIIOCPEeACT-
BEHHO:

IF %IW4 > 1 THEN ... (*3nauycuue Bxoma [W4*)

Tem He MeHee Bce JKe JKeJaTeJbHO KOMIIAKTHO COCPenoOTOYNUThL B
IIPDOEKTE BCE allllapaTHO-3aBUCHUMbI€ MOMEHTBHI.

Ob6paTuTe BHMMaHUE, YTO NPAMAaA aapecanusd IIO3BOJIAET pasMec-
TUTh HECKOJbKO PA3HOTUMIHBLIX MEPEeMEHHBIX B OJHOM U TOM JKe maMs-
tuu. Hampumep, crenuaabHO A ObICTPOTO 00HYIeHUA 16-TUCKPEeTHBIX
BeIxozmoB (BOOL) mosxkHO mcmosb3oBaTh mepemenHyio tuna WORD.
Wnu, nanpumep, comectuth nepemennyio STRING 1 HeCKOJIbKO IIe-
pemennbix Tuna BYTE, uTo gacT BO3MOKHOCTH OpPraHM30BaTh (hopMma-
THUPOBaHIE BBIBOAA 0e3 IMIPUMEHEHHUS CTPOKOBBIX (pyHKIuii. ITocKoJb-
Ky (husmuecKoe pacmupejesieHUe aapecoB M3BECTHO HAa dTalle TPAHCJISA-
MUY, KOMIUJAATOP (opMHUPYET MaKCHMAJbHO KOMIIAKTHBIN KOZ IJIs
TaKUX 00beIMHEeHNI, Uero He yAaeTcsa AOCTHUYL IPU paboTe C dIeMeH-
TaM1 MAacCuBa, Tie TpeOdyeTcsa TuHaMUYecKasd agpecarus.

4.4.4. IlopaspaaHas agpecamus

B crampapre npengycmorpera yaobHasa popma pabdOThI ¢ OTAEJIbHBI-
MU OUTaMU IIePeMEeHHBIX THUIIa OUTOBBIX CTPOK — nopaspsadnas aope-
cayus. HeoOxXoaquMbIii OUT yKasbIBaeTCs Uepes3 TOUYKY IIOCJEe UAEHTHU-
duraTtopa. AHAJOTMYHBEIM 00pPa30M MOJKHO HCIIOJIB30BATh OTHAEJbHBIE
OUTHI IpAMoOaApecyeMoi nmaMmATu. MaaamnieMy OUTY COOTBETCTBYET HY-
JeBou HoMep. Ilopaspagmas HyMepalusa He J0JKHA IPeBBIIIaTh I'pa-
HUITBI COOTBETCTBYIOIIErO TUIA YKCJIA.
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VAR
a: WORD;
bStop AT %IX64.3: BOOL;
END_VAR
a:=0;
a.3 :=1; (*wmm a.3 := TRUE; — pe3ynsrat 240000 _1000%*)
a.18 := TRUE; (*ommbka, B WORD ne moxeT ObITh OuT a.18%)

IF a.15 THEN .. (*a mecHbiue Hya?*)

4.4.5. IIpeoGpa3oBaHNA THIIOB

ITpeobpas3osaHue munog TPOUCXONUT IIPU IPUCBAUBAHUU 3HaUe-
HUA TIepeMeHHOI OJHOTO THIa IepeMeHHOU apyroro tuma. IIpeo6pa-
30BaHWe MeHAeT (hu3udUecKoe IIPeACTaBJieHNe 3HAUEHUA B IAMATU
OaHHBIX, HO He MOJ'KHO M3MEHSTh caMo 3HaueHue. Ecju 3TO HEBO3-
MOXKHO, TO IIpeoOpa3oBaHUe IMPUBOAUT K UYACTUUHOM IIOTEpe AAaHHBIX.
Ho B Takom ciyuae TpaHcaAaTOp TpeOyeT ABHOTO YKa3aHUSA HEOOXOIU-
MOCTH BBIIIOJIHEHUS TAKOU OIleparuu.

Paccmorpum cmHauasma pabory c¢ menabiMm uuciaamu. Ilycrs, Ha-
npuMep, OOBABJIeHa IlepeMeHHas siVar Tuma KOpPOTKOe Iiejoe
(SINT 8 6uT) u nepemenHasa iVar tuma memaoe (INT 16 6ur). [omyc-
tuM siVar = 100, a iVar = 1000. Beipaxxkenue iVar := siVar aBiser-
cAd BIIOJIHE OONMYCTUMBIM, MOCKOJABbKY umciaa tuma SINT saBasiorcs
noamuokecTBoM INT (iVar mpumer sumauenume 100). 3gech mpeobpa-
30BaHUe TUIla OyJeT BHIIOJHEHO TPAHCIATOPOM aBTOMATHUYECKU, 0e3
KaKuUX-JI100 OOIOJHUTEJIbHBIX yKaszaHuii. O0paTHoe IIpuCcBanBaHUe
siVar:= iVar npuBejeT K IIepeloJIHEHUIO W IIOTepe AaHHBIX. 3acTa-
BUTH TPAHCIAATOP BBHIIOJHUTH IIPeoOpPa3oBaHUE C BEPOATHOHM IIOTe-
peii JaHHBIX MOJKHO TOJIBKO B ABHOU (hopMe IpPHU IIOMOIIU CIIelua-
abHOTO omeparopa siVar := INT_TO_SINT(iVar). PesyasTar paBeH
24 (B mectHagmarepuuHoit dopme 1000 sto 16#03E8 m ToabKO
maanmuii ero 6aut nmeperigzer B SINT, smauenue 16#E8 coorBercT-
BYyeT HeCcATUUYHOMY uuciy 24).

AmnanornuHas CUTyalnus BO3HUKAaeT pu paboTe ¢ AeACTBUTEIbHbI-
mu yucjaamu qinHHOTO LREAL 1 Koporkoro REAL Ttumos.

OmepaTopbl ABHOTO mpeobpaszoBaHua 06a3oBbix MIK-TumoB o6pasy-
IOT CBOM HAMMEHOBAHWS U3 ABYX yacreil. BHauayie yKasbIBaeTcCs «HcC-
XOOHBIN TuUl», 3aTeM « TO » m «Tun pesynabratra». Hampumep:

si := INT_TO_SINT(16#55AA); (* PesynbTar 164AA*)
si := TIME_TO_SINT(T#120ms);  (*120%)
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i:= REAL_TO_INT(2.7); (*Pesymbrar 3*)
i := TRUNC(2.7); (*Pesynbrar 2%)
t := STRING_TO_TIME(‘T#216ms’); (*Pesynbrar T#116ms*)

Oneparmuss TRUNC sBonimosmser oropacbiBaHne APOOHOIN YaCTH B
orauune oT nmpeobpasoBanusas REAL_TO_INT, BLIIOTHAIOINETO OKPYT-
JieHue.

OOpaTuTe BHUMAaHNE, YTO OIEPAIlMM IIPeo0PasOBAHUSA LOIIYCTUMBI
IS JIFOOBIX KOMOMHAIWM 6a30BBIX TUIIOB, a He TOJbKO IJI COBMECTHU-
MBIX THUIOB (HAmpuMep, HOaTy B CTPOKy). Tak, mpeobpasoBaHUA
<...> _TO_STRING ¢paxTuuecku 3ameHsioT omepatop PRINT, pacmpo-
CTpPaHEeHHBIN B A3bIKaX 0O0Iero IpUMEeHEeHU.

B KoHKpeTHO# peanmsanuu OTAeJbHbIe IIPe00pPa30BaHUA MOTLYT He
HOAIeP;KUBAThHCSI UJIN MMETh OIpeleseHHbIe 0COOeHHOCTH, B IEPBYIO
ouepelb 9TO OTHOCUTCA K IIPeoOPasoBaHUAM CTPOK B APYrUe TUIILI U
obpatHo. ITosTOMy MBI He OyJeM 3[eCh HPUBOAUTH MOAPOOHBIE OIMCA-
HUS BCeX BO3MOJKHBIX IpeobpasoBaHMUii. [Ipu HE0O6XOAUMOCTY MCIOJIb-
3yliTe PYKOBOACTBO IO MPUMEHEHUIO CHUCTEMBI IIPOrpPaMMUPOBAHUA
WJIN OIIEPATUBHYIO CIIPABKY.

4.5. TOHKOCTH BBIUMCJIEHUN

A HecmemuaamcToB B 00JacTu WHGOPMATUKYU KCIOJIH30BaHUE
qyucesl 1 MaTeMaTUUYeCKWX BBIPDAYKEHUII B BBIYUCJIUTEJIHHON TEeXHUKE
MOJKeT BBI3BATh yAuBJIeHUe. IIpu oIpeneseHHBIX YCJIOBUAX «A3BIK
BCeX HAYK» yIIUPaeTcs B MPENATCTBUA, KOTOPBIX B KJIACCUUYECKOU Ma-
TeMaTuKe HeT U ObITh He MOJKET.

IIpu nporpammvupoBauuu IIJIK maubojee IIMPOKO IPUMEHSIOTCS
JIOTUUECKUe U IIeJIOUMCJIeHHBIEe IepeMeHHbIe. IlesouncieHHble TUIIbI
UMEIT MaKCHUMAaJILHO IOIYCTUMOE BepXHee 3HAaUeHME. JTO MOHATHO,
TMOCKOJIbKY /IS KaKIOT0 I1eJIOT0 THUIla B IIaMATU BBIJEJISETCSA OIpee-
JIEHHOe KOoJIM4ecTBO OaiiT. [lesieHre Ha HOJb SABJSETCA HEeIOITyCTUMOM
KPUTHUECKOI CcuUTyalmeil, BBIZBIBAIOINEH OIMMOKY MUKPOIIPOIleccopa.
ITO TOKe MOHSATHO, IMOCKOJLKY OECKOHEUHO OOJIBIIIOE UKCJIO He IPHU-
TOAHO IJs apu()MeTUUYeCcKUX BhIunMciaeHuii. Telepb JaBaiiTe BO3bMeEM
IepeMeHHYI0 J000T0 IIeJIOT0 THIA, IPUCBOUM €l MaKCUMAaJbHO [IOIY-
crumoe 3Hauenue MAX u npubaBum 1. BriToBas Joruka moacKasbiBa-
eT, UTO IepeMeHHas He M3MeHuTcs. Ecim B moJHOe Beapo A00aBUTH
OIHY KAaIlJio, TO 0OJbIlle y:Ke He craHeT. IIpomsoiier nmepenosHeHme,
KOTOpOE [IOJI’KHO BBI3BATh OIIMOKY, Kak ¥ NPU JeJeHUW Ha HOJb.
ITpoBepum:
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byX: USINT := 255;

byX :=byX + 1; (*pesynbraT 0%)
byX :=byX + 1; (*pesynbTat 1*)
byX := byX - 2; (*pesynbrar 255%)

Ha camoMm gesie mepernosiHeHNE TPUBOAUT K OOHYJIEHUIO IIepeMeH-
HOM 1 He BbI3bIBaeT omuOku: MAX + 1 = 0. IIpu BeIuMTaHUM IIPOUC-
xoauT anajormuHoe mnpespamienue: 0 — 1=MAX. IIpu BHUMATEILHOM
U3YYEHUU TMOJYUEeHHBIX DPEe3yJbTATOB MBI MOYKEM 3aMEeTUTh CBOETO
poJa CUMMETPHUIO OTHOCUTEJIbHO HYyJd. [lomyuaercs, uTo ajaredpamue-
cKoe paBencTBO (a + b) — b = a cupasemiuBo, gaxke ecau cymma a + b
BBIBBIBAET IiepenosHeHre. [[ucTpubyTuBHBIN 3aK0H (2 — b) ¢ = ac — be
Tak:ke paboraer:

a, b, c: USINT;
a := 100;

b := 50;

c:=3;

x1 :=(a—Db) *c; (*pesynbrat 150%)
x2 :=a*c —b *c¢; (*pesynbrar 150%)

AcconmaTuBHblil (couerarenbHbIi) 3akoH a + (b —c¢) = (a + b) — ¢
BBI MOJKET€ IIPOBEPUTh CAMOCTOSTEJIbHO.

ITonyuaercsi, 4TO (PyHIAMEHTAJbHBIE apU(METHUYECKNE AKCHOMBI
JIEeMCTBYIOT, He B3Mpas Ha IePeloJHeHNe, ayke eCJM IepPeroJHeHNre
IpuUBeNeT K TOMY, UTO CaM Pe3yJbTaT OymeT apuMeTHUecKU Hempa-
BUJIBHBIM:

(usint#100 + usint#50) * usint#3 = 194;
usint#100 * usint#3 + usint#50 * usint#3 = 194.

Pasencrso (a + b)c = ac + bc cmpaBeaanBo, XOTA NPaABUILHBINA
pe3yabTaT, KOHEUHO, HOJIKeH ObITh paBeH 450, a He 194. dDarTuue-
CKM YMCJIOBas OCh [OJIA IIeJbIX THUIOB AAaHHBIX CBEPHYTA B OKPYXK-
HOCTh, KaK B Jacax.

B mpumepax BbIllle OBLINM UCIIOJIB30BAHBI 6€33HAKO08ble MUnv. 0aH-
HblLX, IPEJCTABJAIOIINE MHOKECTBO HaTyPaJIbHBIX uncesa. Kak musBecT-
HO, MHOXE€CTBO HaATyYPaAJIbHBIX UYMCeJI HEe3aMKHYTO OTHOCUTEJIbHO BbI-
quTaHUudA. HpI/I BBIUMTAHUMNU MOTYT 06paSOBBIBaTI:Cﬂ oTpuIaTeJbHbIE
yucsaa. I[Ipu HeoO6XxoauMOCTH PABOThI C OTPUIATEIbHBIMU 3HAUEHUAMU
HCIIOJB3YIOTCA 3HAKOBBIE€ THUIIBI JAHHBIX, IIPEeACTAaBJJAIOIINEe MHOMECT-
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BO IeJbIX unces. IIpu ofMHAKOBOI paspAgHOCTH MaKCHMAJbHOE II0-
JIOXKUTEJbHOE YUCJO NJs 3HAKOBBIX TUIIOB BABOe MeHbIe (Ha 1 pas-
pAnm), ueM ajis 0e33HaKOBBIX.

HawuGoablllee pacupocTpaHeHHe A HPEACTABICHUS OTPUIlATE]b-
HBIX YMCeJ MOJYYUJ AOMOJHUTENbHBIN Kox. JJis MaHHBIX B HOIIOJHU-
TEJHHOM KOJle OMMCAHHBLIE BBIIIEe MaTeMaTHUeCKHe 3aKOHOMEPHOCTH
ocTaloTcA B cuje. B 3HAKOBBIX TUIIAX C IPUMEHEHHEM JOMOJTHUTEb-
HOI'0 KOJa BhIOMpaeTcs oIpejeeHHAs TPAHUIA, Pa3Hessionias I0JIO-
JKUTeJbHbIE U OTpUIlaTeJdbHbIe unciaa. Tak, aasa tuma SINT rpanuia
mosoKuTeNbHBIX uncena 127, mas INT sto 32767. OrpumareabHbie
yrcja o0pasyroTCsd IIyTeM BBIUMTAHWS MOLYJIS UHNCIA W3 TPAHUILBI.
Houp B IOIOJIHUTEIBHOM KOZE OLUH, B O0JIACTU IIOJIOMKUTEIbLHBIX YU-
ceis. IIpeBbilienre TPaHUIBbl ABISETCA TaKyke oOpaTUMBIM, Kak U IIe-
penosHenue: sint#127 + 1 = —128, sint# —128 — 1= 127.

IIpencraBinenune suauenuii tumoB SINT m USINT, sakomupoBax-
HBIX OJMHAKOBBIMU 8-OUTHBIMHU IIOCJIEA0BATEIbHOCTAMU B JECATUUHON
U IBOUYHOM (popMe, MOKA3aHO B TaOJIHUILE:

USINT SINT BIN
0 0 0000_0000
1 1 0000_0001
127 127 0111 1111
128 -128 1000_0000
254 -2 1111_1110
255 -1 1111 1111

W3 Bcero BBINIEONMCAHHOTO BBIT€KaeT HEOOXOAMMOCTH ydueTa Oua-
IasoHa BO3MOJKHBIX 3HAUEHUH MepeMeHHBIX. [[JIs 9TOro HeoO0XOaUMO
BHUMATEJIbHO IPOAHAJU3UPOBATH (POPMYJIY BBHIUMUCICHWUH, ONTUMUIU-
poBaTh U MEeperpynnupoBaTh ee IIPU IIOMOIIY 3JIeMeHTapHBIX ajarebpa-
uyecKux ImpeobpasoBaumuii. K cuacThio, oOHapysKeHHe OIIMOOK IIepe-
HOJIHeHUS OOBIYHO He BBI3bIBaeT TPYAHOCTU. OIINOOUHBINA Pe3yabTaT
HUKOTZA He ObIBAeT MOUTH HNPABUJBHBIM. ECIM eCcTh OomIuOKa B IIeJiO-
YMCJIEHHBIX BBIUMCJIEHUAX, TO PE3yJbTaT, KAK IIPABUJO, BBITJIAJUT
a0COJIIOTHO HEBEPOATHBIM.
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Emme oauH cyiiecTBeHHBIA (PAKT COCTOUT B TOM, UTO MHOKECTBO
IeJIBIX YMCeJ] He3aMKHYTO OTHOCHUTEJIBHO omIepamuu AejeHus. MHaue
TOBOpsA, IPHU JeJeHUUW ABYX IeJbIX obpasyeTcs palnoHAJIbHOE YUCJIO,
KOTOpOoe HeM30e)KHO MPUXOAUTCS OKPYIJIATL AJS IPEeACTABIEHUS €ro
Ha MHOJKECTBE IeJIbIX UMcesl. 3a PeIKHM HCKJIUYeHNeM, KOrjga BO3-
MOJKHO JeJsieHue 6e3 ocTaTKa, MejieHre B ITeJOUMCIEeHHBIX BBIPAKEHU-
AX obpasyeT OomeparoHHYI0 MOTPeITHOCTb.

Ha mocTuKeHusa MUHUMAJBHOU BBIUUCJIUTEIbHON OMIMOKU ITPEXK-
Jle BCcero HeOOXOAVMO IONBITATHCA IPeodpas3oBaTh (GopMYJIy € IIeIbio
MUHUMUBAINYU KOJIMUECTBA ONlepaluii gejeHus. PaccMoTpuM mpuMep.
HomycTrM, HEOOXOJUMO BBIUMCIUTDH BhIpAKEHUE:

X=—+

Qle

a
b

31ech, OUEBUIHO, MOYKHO BBIIIOJHUTH IpUBeAeHNe Apobeil K obIie-
My B3HaMeHaTeJio. B pesysbTaTe BMECTO ABYX OIepanuil AesieHus

OCTaHEeTCsS TOJbKO OfHa. IIporpamMma, BBIMIOJHAIONIASA BBIUKUCJIEHUE «B
J100» U c IIpeoOpasoBaHUEM, BBITJISIUT TakK:

a,b,c,d: INT;

a:=1;c:=2;

b:=3;d:=3;

x :=a/b+c/d; (*pesynbrat 0%)

x1:=(a*d+c*b)/(b*d); (*pesynbrar 1%)

B mMukpompolieccopax omnepanusa OKPYIJIEHUA CBOJUTCA K OTOPACHI-
BaHUIO APOOHOI uacTu. B pesysbraTe OKpPYIJIEHHOEe 3HAUEHUE BCerza
MeHbIlle WCTUHHOTO 3HAaueHUsi. IIpum CyMMUPOBAHUU OKPYTJIEHHBIX
3HAUYEHUI MOTPEITHOCTh HaKamiInBaercad. C TOUKU 3peHUs MaTeMaTu-
KU, 60JIee KOPPEKTEH MeTOJ CUMMETPUYHOTO OKpyrieHusa. Ecau ocra-
TOK MeHbIre 1/2 , ero oTOpachIBaIoT, ecyau 00JbIne — M00aBIAIOT €IM-
Huny. B Hamem nmpuMepe Ipu cuMMeTpUUYHOM OKpyrieHun 1/3 =0, a
2/3 =1, B cyMMe IIOTPEITHOCTY KOMIIEHCUPOBAJIUCH ObI, U PE3yJIbTAT
6b1 ObI paBeH 1. K coskasieHUI0, CUMMETPUUYHOE OKPYTJIEHUE CJIOXKHO
peasindyeTrcsi U MO3TOMY He HMOAAePKUBAETCs MUKPOIPOIleCCOpaMu He-
mocpencTBeHHO (cM. peanusanuio ST-QYHKINUM, BHIIOJTHAOIEH meJie-
HUe ¢ CHMMEeTPUYHBIM OKPYIJIeHUEM, B pasfese mpumepos.) IIpu mpo-
TPaAaMMUPOBAHUU BBIYMCJIEHUN C APOOSIMU O CBOICTBE OKPYIJIEHUS 3a-
OBIBATH HEJIb3d.
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IIpu paGore ¢ umcaamu B popMaTe C IJIaBaOINeil 3amAaToll MaKCH-
MajJbHOE M MUHMMAJIbHOE (MAIIMHHBIA HOJIb) 3HAYEHUS I[I€PEMEHHBIX
ABJAIOTCA a0COMIOTHLIMU. TaK, IPU MOUBITKE YBEJIUUYUTH MaKCHUMAaJb-
HO JIOIyCTHUMOE 3HaueHWe OHO He M3MeHHuTCcs. AjrebpandyecKue aKkCuo-
MBI 3a 3TUMU TIpefeaMu yiKe He BhINOJHAITCA (cM. puc. 4.3).

“4 PLC_PRG [PRG-5T) _ O] =]
0009 A = 6.e-009 -
o010 B = 4.e-009 [
0011 1C = 1.e-037 k2
X1 := [rA + rB)*rC; ™1 =1.401298e-045 «]
0oo2 o
X2 = rA*rC; ™M2=0
X3 = rB*rC; ®3i=0
0005
14 = 2 + i3 4=10 -
Al L3 KN 3

Puc. 4.3. 9ddexr norepu 3HAYUMOCTH B ONEPALUIX C AEHCTBUTEIbHBIMHU
yucIaMu

E1e ogvH MOMeEHT, Ha KOTOPBIN HE0OXOAMMO O0pPaTHUThL BHUMAaHUIE,
9TO HCIIOJIb30BaHUWE KOHcmanm. Korma TpaHCasTOp BCTpedYaeT KOH-
CTAHTy, OH BBIJEJsIeT IOJ Hee MUHHMAJIbHO HEOOXOAMMBIN TUII IaH-
HbIX. IIpy BBIUMCIEHUN BBIPAKEHUN KOHCTAHTHI MPUHUMAIOT THUII IIO
pesyabrary. s pasperieHus BO3SMOKHONM HEOJHOSHAUHOCTH CTAH-
IapToM MIpeIyCMOTPEHO SBHOe YKasaHue Tuila KoHcTauT. Iljgsd aToro
HUCIOJb3yeTcs MpedUKC TUIla OTAEJeHHBIH OT KOHCTAHTHI 3HAUKOM
«#». Hanpumep, Bbl IpucBauBaeTe IeJOUYNCJICHHON IIepeMeHHOI pe-
3yJbTAThl BBIPAYKEHUS COCTABJIEHHOTO ¥ KOPOTKHUX IIEJbIX U KOH-
cranT. IIpeo6pazoBanure THUHOB OyAeT MPOUCXOAUTH HEABHO. Bolrpoc
TOJBKO B TOM — Korga? o BbIUMCIEHUS BBIPpAKEHUsS BCe OIlePaH/bI
npeobpasyerca B INT, uiu cHauajga BBIYUCJIAETCA BhIpasKeHUe, a yiKe
3areM mpeobpasyercsd. JomycTuM, HYKHO 3aCTaBUTh TPAHCJISATOP BbI-
YWCJIUTh BBbIPpa’KeHUE B KOPOTKUX IEJBIX. JTO MOKHO cHaejaTh, Ha-
npumep, tak: iVar := USINT#100 — byVar.

4.6. Benrepckaa 3anuch

IIpu HaMUUYUU CTPOTOM THUHM3AIUU JAHHBLIX OYEHb ITOJE3HOUN OKa-
3BIBAETCS BOBMOXKHOCTH y3HABATh TUII IIEPEeMEHHON II0 ee HAMMEHOBa-
HUIO HEIOCPEJCTBEHHO B TEKCTEe IMporpaMM. B aToM cirydyae HEKOPpPEeK-
THOe NIPpUMeHeHNe ITepeMeHHBIX OpocaeTcsa B Ijia3a W MO3BOJIAET m3be-
JKaTh MHOTUX CJIOYKHO JIOKAJIU3YEeMBIX OIIMOOK.
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IJIs1 TOro MOMKeT MCIIOJIb30BATHCSA CIlel[MaJbHAs 3alUCh UMEH IIe-
peMeHHBIX. BIiepBhble Takas 3amuch MMeH ObLiIa HpeljokeHa Hapib-
3om Cumonm (Charles Simonyi) u o6ocHOBaHa B €ro JOKTOPCKOM IucC-
cepranuu. Bosmorxkuo, moromy uto CumMouu ponuica B Bymamerire u
oOpasoBaHHBIE II0 €r0 CHUCTeMEe HaMMEHOBAaHWSA IPUUYAJIUBHI (Ha Iep-
BBIH B3TJISAN), KaK BEHTepPCKUH SA3BIK, 3a €er0 MeTOAWKOI 3alucu 3a-
Kpenmjaoch HasBaHMEe «BeHrepcKas 3ammnchb». B Hacrosiee spems Cu-
MOHHU SABJIsIeTCA BenyInuM wuH:KeHepom Microsoft, a BeHrepckas sa-
IUCh CTaJIa O0IeNPU3HaHHON Tpu mporpaMMupoBaunu moa Windows.

Wnes BeHTepPCKOI 3amucy 3aKJ0UaeTcsa B MPUOaBJIeHUN K UAEHTHU-
duraTopamM KOPOTKUX IPEe(UKCOB, ONPEAEIAIONINX TUIl 1 HEKOTOPhIE
IpyTue BajKHBIE XapaKTePUCTUKU IepeMeHHOI. IIpedurchl TpuHATO
3alUCBhIBATh CTPOUYHBIMU OYyKBaMM, a MMSA IIEPEeMEHHOU ¢ 3arjJaBHOM
OyKBBI. IIOCKOJIBKY BeHTEepCKas 3amuch «padboTaeT» IJsd JIIOOBIX TUIH-
3UPOBAHHBIX A3BIKOB, MMEET CMbBICJ IPUMEHUTD €€ U IPU IIPOrpaMMuU-
poBaumnu ITJIK.

s 6a30BbIX TUIOB MOK MOMKHO IPEIIOKUTH CJIAEAYIOINe IIpe-
(pUKCBI THIIOB.

IIpeduxc Tun
b | BOOL
by | BYTE, USINT

si | SINT

w | WORD, UINT

i | INT
dw | DWORD, UDINT
di | DINT
r | REAL
Ir | LREAL
st | STRING
t | TIME
td | TIME_OF_DAY
d | DATE

dt | DATE_AND_TIME
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IIpumepsl 0003HAUEHMIA:

bStop: BOOL;
bySet: BYTE;
wSize UINT;

«BeHrepckue» mMeHa CaMU FOBOPAT O KOPPEKTHOCTH UX IPUMEHE-
Husi. OUeBUIHO, CIEAYIOIee BhIPAKEHNE SBJISETCS 0ECCMBICIEHHBIM:
bStop := wSize * 2; a BripaskeHue bStop := wSize > 2; BmoJsiHe gomyc-
THUMBIM.

VYTouHUTh HasHAUEHWE IIePEMEeHHON MOXKHO H00aBJIEHUEeM eIle Of-
HOT'0 CMMBOJIA Iepes MpedUKCOM THUIa:

IIpeduxc HasnaueHue mepeMeHHOI

a | CocraBHOU TUII, MAcCUB

n | Uunexc

¢ | CueTuur

I BpeMeHHBIX IIepeMeHHBIX MOKHO BOOOIIle HEe YTPYKIATh Ce-
04 mpuAyMbIBAHUEM MMEH, a MCIOJIb30BaTh TOJABKO mpedurcol. Ha-
npumep:

aiSample: ARRAY [1..32] OF INT;

ci: INT;
FOR ci :=1 TO 32 DO

siSample[ci] := —1; (*0e3 xoMmmeHTapueB™)
END_FOR

K coskaneHnio, HEKOTOPHIe M3 MPEIJIOKEHHBIX MPe(pUKCOB COBIA-
maioT ¢ 3apesepBupoBanHbIMU ciaoBamu (BY, AT, D, DT, N, ST). Ilpu
WCIIOJIb30BAHUY WX B KAueCTBe BPEMEHHBIX IIEPEMEHHBIX BBl MOJKETe
I00aBUTH MOPAAKOBBIN HOMep miu OYKBY asidaButa. Hampumep:

byA, byB, byl, by2: BYTE;

CTpYKTYphI U (PYHKIIMOHAJIbHBIE OJIOKK 00Pa3yloT MMeHa SK3eMII-
JIIPOB C BKJIOUEHWEM IIOJHOTO WJIUW COKPAINeHHOTO HanMeHOBaHUS
tuna. Hanpuwmep, tpUpDelay: TP;

CuMBOJI TIOMUEPKUBAHUA YAOOHO MCIIOJIB30BATH IJd WHANKAIIAU
cnocoba obpaliieHusA K nepemenHoii. [loguepKuBaHue B Hauajle UMEHU
YKasbIBaeT — TOJIbKO uTeHue. M aeHTuguKaTopsl IIepeMeHHbIX, COOT-
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BercTByOmuX Bxomamu IIJIK, HaumHalOTCS CHMBOJIOM IIOAYEpPKUBA-
Hus. [TomuepkruBaHUEe B KOHIIE UMEHU yKas3bIBa€T — TOJBHKO 3alliCh.
N nenTuduKaTopbl BBHIXOJOB 3aKaHUMBAIOTCSI CHMBOJIOM IIOJUYEePKUBA-
aua. Hanpumep, blnpl, byOut2_.

Eciu cucrema o603HaUeHUIT XOPOIIIO MPOAYyMaHa, TO ee IMpUMeHe-
HUEe He BBI3BIBAET CJOYKHOCTH. EIWHBINA IIOAXOA K HAaNMEHOBAHUIO
OUYeHb 3J0POBO O0JIer4aeT UTEHMNEe IPOrPaMMBbI U II03BOJISIET OTKAa3aTh-
cA OT UBJUITHUX KOMMEHTapueB. Y HUKAJbHBIE TPe(PUKChl yI0OHBI He
TOJBKO IJis 0a30BBIX THUIIOB, HO U JJIA IINPOKO MCHOJL3yeMbIX B IIPO-
eKTe COOCTBEHHBIX THIOB JaHHBIX W (PYHKIIMOHAJILHBIX 0JI0K0B. CTaH-
mapt MOK He comep:XuUT peKOMeHIAIluii M0 COCTaBJIEHUIO UMEH Iepe-
MEHHBIX ¥ KOMIIOHEHTOB mporpaMMbl. HUKAaKoro craugapTHOTO Habo-
pa mpedUrKCOB BEHI'€PCKOM 3alNCH TaKKe HeT. BbI MOKeTe HCII0JIb30-
BaTh BBLIMIEONNCAHHYIO CHCTEMY WMJX Pa3paboTaTh CBOIO COOCTBEHHYIO.
T';maBHOE, uTOOBI IpUHATAA CUCTeMa OblIa IMOHATHA BCEM IIPOTPAMMU-
cTaM — yYacTHUKAaM IpPOeKTa.

Onucanuble IpaBuja 00pa3oBaHUsA BEHTePCKUX MMEH IPUMEHSIOT-
cs B IPUBEJEHHBIX HUKE IPUMEpPax. B IPOCTBHIX Ciaydasx, KOTZA THII
mepeMeHHOM He MMeeT 3HAUeHWsA WM OUYEeBUIEH, BEHTePCKas 3aIucCh
He WCII0JIb3yeTCH.

4.7. ®opmat BCD

JBOMYHO-KOJUPOBAHHBIN [eCATUUYHBIN (opmMaT mpercTaBIeHUA
BCD (binary coded decimal) mpezncraBiser co6oii yncyia B IIO3UIIMOH-
HOUN [ecATHUYHON CcHCTeMe, IIe Kakaasd nu@pa uuciaa s3amuMmaer 4
oura. Hampumep, mecatuunoe umcio 81 OymeT mpencTaBjeHO B BUIE
2#1000_0001. Apupmeruueckue onepanuu ¢ BCD-unciamu TpedyooT
IPUMEHEHHUs CIeINaJIbHOr0 MaTeMaTUYeCKOro amiapara, Maaosaddex-
TUBHBI B CPAaBHEHUU C OOBIYHBIM JBOWYHBIM mIpefacTtaBiaenuem. Ho, ¢
npyroii cropousi, BCD okasbiBaeTcsi OUueHb yAOOHBIM IIPU OpPraHmsa-
UM KJIABHATYPHOI'O BBOAA WM MHAMKanuu. Hampumep, QYHKIMUA BbI-
BOJla UMCJIa HA TMPUHTEP WU Jake Ha CETMEHTHBINM MHIUKATOP IMOJIY-
YaloTcsa TPUBUAJIBHBIMU (O4HA ofHOMepHas Tabauiia Ha 10 KOHCTAHT).

Hnsa xpanenus uyucesa B popmare BCD crammapr MOK mpexpmaraer
ucnoabzoBath nepemenHble TumoB ANY BIT (xpome BOOL, kKomeu-
HO). Apudpmerura BCD-BbIuncieHuil OOBIYHO He IIOAJEPKUBAETCS B
CTAHIAPTHOM KOMILIEKTe OuUOJIMOTEK CHCTEeM IIPOrpaMMUPOBAHUS
IIJIK. B o6ubauoreke ytunaut CoDeSys peanmsoBaHBI [Be IIPOCTHIE
dyurmuu BCD npeobpasoBanus: BCD TO_INT u INT TO BCD.



I'maBa 5. KoMIIoHeHTHI OpraHu3annu
nporpamm (POU)

HauHasi riiaBa IOCBSINEHA KOMNOHEHMAM OP2AHU3AUUL NPOZPAMM
U TIPOJOJIYKAET OIMCAaHte OOIUX 3JIeMEeHTOB cTaHmapTa. KOMIOHEHTHI
00pas3yoT KOJ IPUKJIALHOIO IporpamMmuoro obtecumeuenus IIJIK.
HMmeHnHO Ha ypoBHE KOMIOHEHTOB JOCTYITHO COBMeEINEHUE DPa3JIUYHBIX
a3pik0B MOK. B aToit rimaBe 6yayT moapoOHO pacCMOTPEHBI BCE BO3-
MOXKHBIe KOMIIOHEHTBHI CTaHIapTa, CIIOCOOLI UX OIpeaeeHUs U HCIIO-
JIb30BaHUA. B aHTJIOA3BIYHBIX JOKYMEHTAaX KOMIIOHEHTHI OpraHm3a-
U TIporpaMM cokpaiineHHo obosuavaorcss POU — Program Organi-
zation Unit. YTo0bI He BBI3LIBATHL HEOJHO3HAUHOCTD, MBI Jajiee TaKyKe
OyIeM HCIIOJIb30BATh 9Ty ad00peBUaATypPy.

5.1. OnpeneneHne KOMIIOHEHTa

KoMmoHeHTHI opraHms3anuy TPOrpaMM SABJIAIOTCA 0A30BBIMU 3Je-
MEeHTaMU, U3 KOTOPBIX CTPOUTCS KOJ IpPOeKTa. AHaJOTHUHBIM oOpa-
30M BJIEKTPOHHBLIE YCTPOMCTBA COCTABJIAIOTCA OOBIYHO W3 MOIYJEH.
Hanpumep, MarHEUTO()OH COAEPIKUT: YCUJIUTENN 3aIUCU U BOCIPOUB-
BeleHUs, TeHepaTop MOJMArHMUYMBAHUA W CTUPAHUA, OJOK MUTAHUA
u T. 1. KaXaplii KOMIIOHEHT IpPOrpaMMbl MMeeT COOCTBEHHOe HauMe-
HOBaHUe, OIpeleJIeHHBLINI WHTepdelic u onucaHue Ha OTHOM U3
M93K-aspikoB. OfH KOMIIOHEHT MOJKET BBI3BATh APYrHe KOMIIOHEH-
Tbl. BBIBOB camoro cebs (pekypcus) B crauzapre MOK He pasperieHa.
KomOuruUpOBaTh pasinuHbBIE A3BIKM B OSHOM IIPOEKTE MOYKHO IIPU
ONMCAHUY PAal3JUUYHBIX KOMIIOHEHTOB, HO OTAEJbHBIN KOMIIOHEHT IIe-
JUKOM peasusyercsa Ha omgHoM s3bike MOK. IIpu BbI30OBe KOMIIOHEHTA
SABBIK €r0 peayns3aliuy 3HAUeHUA He MMeeT.

K xommomenTam opranmsaiuu mporpamm B MOK-cranmapre oTHO-
cATCSA PYHKIINU, (QYHKIINOHAIbHBIE OJIOKM U IporpaMMbI. Bece oHU BO
MHOT'OM ITOXOXKM, HO UMEIOT OIIpeJleJIeHHbIe OCOOEHHOCTH U Pa3JIMYHOE
Ha3HaAUYeHUe.

KommnoneHT obsiazaeT CBOMCTBOM UHKANCYAAUUU — padoTaeT Kak
«YEepHBIN ANIUK», CKPbIBas AeTanu peanusanuu. [[yid paboThl ¢ KOM-
TMOHEHTOM JOCTATOYHO 3HATh ero mHTepdeiic, BKIOYAIOIINN ONNCcaHIe
BXOJIOB 1 BBLIXOJOB. BHyTpeHHee ero yCTpPOCTBO 3HATHL He00s3aTelb-
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HO. B rpaduueckoit hopme mpeacTaBIeHUA KOMIIOHEHT BBITJIAIUT KakK
OPAMOYTOJBHUK C BXOJAaMU CJIeBa W BBIXOJAMU CIIpaBa. JIOKaJIbHBIE
(BHYTpeHHUE) ImepeMeHHble KOMIIOHeHTa HeJOCTYIHBLI M3BHE U B T'pa-
(uyeckoM IpeacTaBICHUN HE OTOOPAKAIOTCS.

Bnaromapa MHKAICYJIAINY KOMIIOHEHTHI YCIIEIIITHO PEIIaloT 3aJauy
cmpykmypHoil dexomnoduyuu npoekma. Ha BepxHeM ypOBHE IIpej-
CTaBJeHUA MBI paboTaeM C KPYMHBIMU KOMHOOHeHTamMu. KasKAblii u3
HUX BBINOJHAET 3HAUUTEJIbHYIO IJIA AAHHOTO IIPoeKTa 3agauy. Jlumi-
HUe IIOJPOOHOCTY HA 3TOM YPOBHE TOJBKO MEIIAI0T IIOHMMAaHUI0 IIPOO-
JemMbl. PacKpbIBas BJIOJKE€HHBIE KOMIOHEHTHI OAUH 3a APYTUM, MBI MO-
JKeM I0o0paThCs MO CaMOTO AETaJbLHOTO IPEACTaBICHUA.

T'oTOBBIII KOMIIOHEHT BCerja MOKHO BCKPBITH, M3YUUTH U TMOIpPA-
BUTh. ITO, KOHEYHO, OTHOCUTCA TOJHKO K IIOJIb30BATEJIHLCKUM KOMIIO-
HEHTaM U OTKPBITBIM Oubanorexkam. HeKoTopble cTaHAapTHBIE KOMIIO-
HEHTHI BKJIIOUEHBI B TPAHCJIATOP U He AOCTYIIHBI JJIA ITPOCMOTPA U W3-
MeHeHHtsA. ITO OTHOCUTCA W K BHENIHUM OubimnoTexam. BHerrnue 610-
JIMOTEKY Peajn3yIoTCsI B BUIe O0BbEKTHOTO KOJa IIPU IIOMOIIY BHEII-
HUX CPeACTB, Hanmpumep KommuasaTopa C uau accembaepa. BosamoikHO
IajKke, UTO KOMIIOHEHT Peajin30BaH He TOJbKO IIPOTPAMMHO, & MCHOJb-
3yeT BCIIOMOTAaTeJIbHbIE allllapaTHbIe CPeICTBA, HAIPUMeD Yachl Peasb-
HOT'O BPeMEHU WJIU MaTeMaTUYEeCKUI COIPOIIECCop.

Emme oxmmoi#t 3amaueii, pernraeMoii KOMIIOHEHTAMU, ABJSETCA JOKA-
JU3AUUSL UMEH NepPeMeHHbLX. ITO 03HAUAET, UTO B PA3JIUYHBIX KOMIIO-
HEHTaX MOJKHO HCIIOJb30BATh IOBTOPAMOIIUEcA mMeHa. Tak, HaIpu-
Mep, JIO0UMYIO IIePeMeHHYI0 C OPUTUHAJBHBIM HAEHTU(OUKATOPOM
«X» MOYKHO HMCIIOJIB30BaTh B KaKJOM KOMIIOHEHTE, I BCAKHUUI pas sTo
Oymer HoBas mepemenHas. O0JaCTb BUAUMOCTHU JIOKAJIbHBIX IIepPEeMeH-
HBIX OIIpeleJsideTcs PaMKaMHU OJHOTO KOMIIOHeHTa. KoHeuHO, MOIKHO
BCe IepeMeHHbIe IPOeKTa 00bIBUTH IIo0aJbHBIMU. Mogupurkaius u
OTJIaIKa ITOJOOHBIX ITPOEKTOB BBIBBIBAET TaKWe Ke OIIYIIeHUd, KakK
pacnyThIiBaHUEe «0OPOABI» M3 JIECKU Ha YOOUYKe BO BpeMs KJjera. Orpa-
HUYeHUe 00JIaCTU BUAVUMOCTH SIBJISETCS 00sS3aTeJIbHBIM BO BCEX COBpPe-
MEHHBIX CHCTEMaX MPOTPaMMHUPOBAHUS.

OK3eMILIAPhl (PYHKIMOHAIBLHBIX OJOKOB, O0BSIBIEHHBIE BHYTPU
IPYTUX KOMIIOHEHTOB, TaKiKe 00JaJaioT JOKAJbHOM 00JaCThI0 BUIM-
mocTtu. IIporpaMmbel 1 QYHKIIMK BCerga OmpeaeseHbl II00aabHO.

5.1.1. Oobasaenue POU

Peanuzamuu aro6oro POU Bcerza JoJIiKeH IPEAINIeCTBOBATEL pa3de
o0sa8senull. O0baABIeHUS QYHKINY, QPYHKIIMOHAILHOTO 6JIOKA U IIPO-
TpaMMbl HAUMHAIOTCS COOTBETCTBeHHO ¢ KaoueBslX ci1oB FUNCTION,
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FUNCTION_BLOCK u PROGRAM. 3a HuM cienyeT uaeHTA(UKATOP
(uma rommnoHeHTa). [lanee onpenenderca naTepdeiic POU. K unmep-
geiicy womnonenma otHocATca Bxoakl VAR_INPUT, sBeIxombl
VAR_OUTPUT u nepemennbie Tuna Bxoma-eeixon VAR_IN_OUT. 3a-
BePIIAIOT paszes o0bABICHUN JoOKaJIbHbIe mepeMeHHbie VAR.

B dyurnuax pasgeast VAR_OUTPUT u VAR_IN_OUT orcyrert-
BYIOT. BBIXOMOM (Q)YHKIIUU CJIYKUT €IUHCTBEHHAs IepeMeHHAas, COB-
nmajgamomas ¢ uMeHeM (QyHKIuu. Tuo Bo3BpalaeMoro 3HaYEeHUS YKa-
3BIBAETCSA MPU OIpeieIeHNN UAeHTU(DUKATOPA Yepe3 ABOETOYUe.

Hampumep: FUNCTION iNearby : INT

CrpykTrypa paszaena oobasiaeHuit POU nmokasana B Tabauie.

Tun POU DyHKIUA e IIporpamma
0JIOK
FUNCTION FUNCTION_BLOCK | PROGRAM
umsa: THUIIL umsa ums
Hurepdeiic VAR_INPUT | VAR_INPUT VAR_INPUT
— VAR_OUTPUT VAR_OUTPUT
— VAR_IN_OUT VAR_IN_OUT
JlokaasHbBIE VAR VAR VAR
nepeMeHHbIe

Bce pasgennl mepeMeHHBIX SABJIAIOTCA He 00s3aTe/lbHLIMU. Tak HeT
HUYEro yAUBUTEJHLHOTO B IporpaMMe, KOTopas He TpedyeT KoopAauHa-
muu paboThl ¢ ApyruMu mporpammamu. MHTepdeiic el He HyKeH, U
pasgen oO0BSABIEHUIT OyAeT comep:KaTb TOJbKO JIOKAJbHbIE IIepeMeH-
aeie VAR.

5.1.2. dopmanbHbIe U AKTyaJbHbIE MaPaMETPHI

HNurepdeiic komImoneHTa 06pasyeTcss BXOAHBIMU U BBIXOOHBIMU IIe-
pevenHbIMu. VHTepdelicHbIe BXOJHBIE IIePEeMeHHbIE HA3BIBAIOT (POp-
ManvHLIMU napamempamu. IIpu HCIOJB30BAHUU KOMIIOHEHTA €ro
(opmanbHbIe TapaMeTphl CBSA3BIBAIOTCA C AKMYAJLbHbLMU NAPAMempa-
mu. VI HaKOHeIl, IPU BHIBOBE ITapaMeTPhl KOMIOHEHTa IPUoOpeTaioT
aKTyaJIbHBIE UIU MeKyujue 3HA4YeHUs. ITU OHATUA HeOOXOUMBI IJIs
u30eKaHUsA IBYCMBICJIEHHOCTH IIPU OIMCAHUU TEXHUKU PabOThI C
KOMIIOHEHTAMM.
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ITosscuuM ux pasauuus Ha npuMepe. BodbMeM cTaHIapTHBINA OJIOK
R_TRIG. On umeet Bxoj ¢ HasBanueM CLK. MbI 6yaeM MCIIOJIB30BATH
ero B IIporpaMMe, B KOTOPOII omIpezesieHa HeKasd MOAXOAAIIAS IIepe-
MeHHasi, HanpuMmep bPulse. ITpu Bri3oBe 0JI0Ka 13 HaIllleil MPOrpaMMbl
mbl mogaem bPulse ma Bxog CLK. Jlajee mporpaMma KOMIUJINPYETCS
u 3arpyskaercs B KoHTpoJsiep. Ilepemennas bPulse mpuoGperaer He-
Koropoe 3Hauenume, Hampumep TRUE. Bxox CLK, ecTecTBeHHO, TOXKe
oymer umerh 3HaueHue |RUE. 3mech oTinuus y:Ke IpaKTUYECKU OUe-
BugHabl. CLK — 310 (hopmanbHbBINl mapamerp, bPulse — axkTyaiabHBIH
napametp, a TRUE — daxrtuueckoe suauenue. C hopMagbHBIMU IIapa-
MeTpaMM IPUXOJUTCSI UMETh Aeso mpu npoektupoBanuu POU u omu-
caHUU ero mHTep(eiica. AKTyalbHbIe TapaMeTphl PaboTaloT IIPU HC-
OJIb30BaHUM KOMIIOHeHTa. TeKyllue 3HAUEHUSA POXKIAIOTCA TOJHKO B
«’KeJyie3e» B IIPOIlECCE BBHIIOJHEHMA.

5.1.3. IlapameTpsl U IIepeMeHHbIe KOMIIOHEHTA

IIpu o6mbasiaenuu POU BbI MOKeTe BCTPETUTH CJEAYIOIIHE 3aro-
JIOBKHU:

dopmanvroe 8x00Hble napamempor VAR_INPUT

Ilepenatorca POU mo 3sHaueHuio myreM KomupoBaHusA. IIpu BbIZOBe
0JIOKa TaKOIi mepeMeHHOM MOYKHO IIPHCBOUTEL 3HAUEHME APYroi Imepe-
MEeHHOM (COBMECTHMMOIO TUIIA), KOHCTAHTHI WJN BhIpakeHusa. JIoObie
u3MeHeH!sd TaKoi mepemenHoi BuyTpu POU HUKaK He 0TOOpakaroTCs
Ha [JaHHble BBIBLIBAIOINETO KOMIIOHEHTA. IIpuMeHseTcs B JIIOOBIX
POU. MoryT umers 3HaueHuA mo ymoadanuio. OrpakaiTcsa B rpadu-
YECKOM IIPE/ICTAaBJIEHUU C JIEBOM CTOPOHBLI KOMIIOHEHTA.

Dopmanvrole 6btx00Hble napamempv. VAR_OUTPUT

OrpaskarT pesyabTaThl paboThkl KOMIIOHeHTa. Ilepematorcs us POU
10 3HAYEHUIO IIyTeM KONMPOBaHUs. UTeHre 3HAYEHUS BBIXOIOB OOBIU-
HO MMeeT CMBICJI IIOCJIe BBINOJIHeHUs OJyioka. BHe KoMIOHeHTa mapa-
metpsl VAR_OUTPUT poctynHBI TOIBKO 1O uTeHuio. He mcmoabay-
oTcA B QYHKIUAX, MOCKOJbKY (MYHKIIUA MMEET TOJBKO OZHO BO3Bpa-
maemoe 3HaueHme. Moryr uMeTh HadalbHble 3HaueHuA. OTparkaTcs
B rpauuecKoM IIpeCTaBJIeHNN CIIpaBa.

ITapamemp muna VAR_IN_OUT

ITOT mapaMeTp OAHOBPEMEHHO SABJIAETCA BXOAOM U BhIxomoM. Ile-
penava repeMeHHOUN 9K3eMILIAPY 0JI0Ka BBIMOJHAETCS II0 CChLIKE. JTO
0O3HAUAeT, UTO BHEIHsA IepeMeHHas KaK Obl cama paboTaeT BHYTPHU
0JIOKA Ha IIpaBax BHYTPEHHEN mepeMeHHOU. B KOMIOHeHT mepemaeTcs
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TOJIBKO aJpec ee PaCIOJIOKEHUsS B MaMATH TaHHBIX. [[1a mepeMeHHOM
VAR_IN_OUT nennbsd:

e ICIIOJIb30BATh €€ B (PYyHKITUAX;

e IpUCBaWBaTh HAUYAJIbLHOE 3HAUEHUE;

e 0o0pamiaThCs KaK K BJIEMEHTY CTPYKTYDPHI JaHHBIX, Uepe3 TOUKY;
e IIpHUCBaWBaTh KOHCTAHTY, KaK aKTyaJbHBIN mapaMeTp.

IIpucBavBanue BHeimHell nepemeHHON Mid VAR_IN_OUT wmoxHO
MIPOM3BOJUTDH TOJBKO IIPU BBI30BE GJIOKA.

Basxkuetimmum cBoitictBoMm VAR_IN_OUT saBudercsa oTCyTcTBHE KO-
nupoBaHusA BHeImHuX gaHHBIX. Ilapamerpsl VAR_INPUT u
VAR_OUTPUT moryT onepupoBaTh C MaCCUBAMMU U CTPYKTypaMu, HO
BCAKUII pas Ipu obpallleHny K KOMIIOHEHTY OyZeT IIPOMCXOAUTE II0JI-
HOe KOIMPOBaHWE MAAHHBIX. ITO MOYKET OTHMMATh MHOTO BPEMEHU.
IIpucBauBanue oxmoro maccuBa apyromy miaa VAR_IN_OUT osuaua-
eT (aKTUUeCKM IIepeKJUYeHre KOMIIOHEeHTa C OJHOTO MacchBa Ha
npyroii. JIokanbHas KONMUA TaHHBIX B 9TOM CJIyuae HE CO3JaeTcs.

Kak u raobanbuble mepemenHble, napameTrpbl VAR_IN_OUT Ha-
pYIIAIOT UOEO0JIOTUI0 He3aBUCHMOCTH KOMIIOHEHTOB. IIpaBuibHBIN
KOMIIOHEHT He JOJI)KeH MMETh BO3MOKHOCTH HCIIOPTUTH UYIKYIO IIa-
MATb. [I0aTOMY IPUMEHATHh UX HY)KHO OUEHb aKKYPaTHO U TOJHKO B
ciIyJaax, KOrJa 9TO AeUCTBUTEIBHO HEOOXOAMMO.

JloxanvHovle nepemernnvie VAR

HocTynHBI TOJBKO BHYTPH KOMIIOHEHTA, BHE KOMIIOHEHTAa IOCTYIIA
Her. MoryT uMeTh HaudaJbHBIE 3HaueHUA. g QYHKIUN JOKAJIbHBIE
mepeMeHHbIe Pa3MeIalTcd B IUHAMUUYECKOU MaMATH (0OBIYHO B CTe-
Ke). ITo okonuanum paboThl PYHKIIUU IIaAMATHb OCBOOOIKIAETCS W MOJKET
HUCIIOJIBL30BAThCA B APYIUX (MYHKIMAX. B mporpaMmax UM 9K3eMILIsSpax
(GYHKIIMOHATBHBIX O0JIOKOB mepeMeHHble VAR coxpaHAOT cBOM 3HaUe-
HUA MeXKIy BBI3OBAMH IIPOrpaMM U JK3eMILIAPOB. B rpaduueckom
IpeACTaBJIEHNN KOMIIOHEHTA JIOKAJIbHBIE IIePeMeHHbIE He OTPAaKAIOTCA.

5.2. OyHKIUHA

DyHKIIUST — 5TO IPOTPAMMHBINI KOMIIOHEHT, OTOOPaKalonInii MHO-
JKeCTBO 3HAUEHUII BXOMHBLIX ITapaMeTPOB Ha BBIXOH. PYHKIIUA BCeraa
6038pauiaem TOJBKO OLHO 3HaueHUe. [Ipu 00bABIeHUN QYHKIINU YKa-
3bIBAETCS THUII BO3BPAI[a€MOT'0 3HAUEHUSA, UMA (PYHKIIUU U CIHCOK
BXOMHBIX IIapaMeTpoB. BbI30B (PYHKIIMKU ITPOM3BOAUTCA IO MMEHU C
yKasaHueM 3HAUeHUH BXOMHBIX MmapamMerpoB. DYHKI[MS MOIKET HCIIO-
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JIB30BaThCA B MaTeMaTHMYECKHNX BbIPDaXEHUAX HaAPAALY C ollepaTopaMu
1 IIepeMeHHBbIMU.

DyHKIIUA He UMeeT BHYTPeHHel maMsaTu. ITO 03HAYaeT, 4YTo QPyH-
KIInd ¢ OJHMMHU M TeMH e 3HAaYeHHAMM BXOAHBIX IIapaMeTpOB BCe-
TZa BO3BpAaIlaeT OJHO M TO JKe 3HaueHne. MYyHKIUA — DTO UKUCTHIA
Kox. MHOrokpaTHOe HCHOJIb30BaHUWe (GYHKIIMU He NPUBOAUT K IIO-
BTOPHOMY BKJIOUEHWIO KoJa (MYHKIMHN TPU KOMIOOHOBKe. Peanmsa-
nua QYHKIIUW IPUCYTCTBYET B KOJle IPOEKTa TOJbKO ONUH pas. Bcs-
KU pas IPH BLIZOBE (PYHKI[MU IPOILECCOP HCIOJHAET OAUH U TOT JKe
TOMMEHOBAHHBIA KoJA. PYHKIIUA MOMKET MMeTh JIOKaJbHbIe (BpeMeH-
HbIe) TmepeMeHHbIe. HO TpW OKOHYAHWH CBOeH pPabOTHI (GYHKIIUA
0CBOOOJKIaeT JIOKAJbHYIO IIaMATh.

Tun pyuxnuy (TUO BO3BpAIllaeMOT0 3HAUEHHUSA) MOYKET OBITh JIIO-
OBIM W3 YHMCJa CTAHAAPTHBIX TUIIOB MAaHHBIX WJW TUIIOB CO3MAHHBIX
mosb3oBaTesieM. Tejo QYyHKIIMU MOXKeT ObITh OMMCAHO Ha aA3bIKax IL,
ST, LD uau FBD. HcnoabzoBath SFC Henbsss. VI3 GYHKIIMU MOYKHO
BBI3BIBATh OMOJIMOTEUHbIe (GYHKIUU W APyrue (QYHKIIUU TEeKYIINero
mpoekTa. BeI3bIBaTh GYHKIIMOHAIBbHEIE OJIOKW U IPOTPAMMBI U3 (PYHK-
A HeJb3sd.

5.2.1. Bei30B (DyHKIMU C IepeYncIeHueM 3HAYEHUI
mapamMeTpoB

B mpapogurenax saswika ST — aserikax Ilackans u C BBI3OB PYHK-
AW IPOU3BOAUTCA IO UMEHU C IIEePeUNCIeHNeM B CKOOKAaX CIUCKA aK-
TyaJbHBIX BXONHBIX IIapaMeTpPOB, uYepe3 B3aIATYI0, CJeBa HaIpPagBo.
Amnajoruunsiii cnocob mpuemyeM u B aA3bike ST. Hampumep:

y := MUX(0, x1, x2); (*BosBpamaet HyneBoi BXo — X1 %)

31ech MHTEPEeCHO 00paTUTh BHUMAaHUE Ha TO, YTO HAaMMEHOBaHUA IIa-
paMeTpoB HaM He HYKHBI. [Ipy nmepeuncieHny napaMeTpoB BasKHO TOJIb-
KO COOJIIOCTY TTPaBUJILHYIO ITOCTIEIOBATEIbHOCTS B COOTBETCTBUY C OIIpe-
IeJleHreM B 00bABIeHUU (GYHKIMU. B rpadryecKux A3BIKAX MOPAIOK
BXOJHBIX IapaMeTPOB 3aJjaH HallpaBJeHUEeM cBepxy BHu3 (puc. 5.1).

0 — MUX v

X1 —

X2 —

Puc. 5.1. TI'pacduueckoe oToOpaskeHue BhI30BA (DyHKI[HU
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HexoTopble GYHKIINN MOTYT UMETh PABHOIIEHHbIE IapaMeTpPhbl, TOT-
la X MOPAIOK OYeBUIHO Oe3pasiuueH. Hampumep:

y := MAX(x1, x2); (*Bosppamaer HauOoIbIIee U3 3HAUCHIHA
BXOJHBIX TapaMeTpoB™)

y := MAX(x2, x1); (*Pesymnbrat TOT %)Ke*)

5.2.2. IlpucBanBaHue 3HAYEeHHIl MapamMeTpaM QyHKIINHN

Bropoit cmoco6 BbI30OBa (PYHKIIUM IpeaycMaTPUBAET HEIIOCPEICT-
BeHHOE IpUCBanBaHUe 3HAUEHUN mapaMeTpaM QYHKIIUU 10 UMeHaM:

stHhello := CONCAT(STR1:=’IMo6pz1it ‘, STR2:="nens’);
9TO PaBHOCUJIBHO:
stHhello := CONCAT(‘do0psrit “, ‘menn’);
nIn:
stHello := CONCAT(‘do6psrii ¢, STR2:="neun’);

Ecim B mporpaMMme y:Kke ompefesieHa IepeMeHHas ¢ MMeHeM, COB-
najgamoInuM ¢ HamMeHOBaHUMeM BxomHoro mapamerpa (STR1 := ‘I1o6-
poIit’;), BLISOB MOJKET BbI3bIBATH HEJJOYMEHUE:

stHello := CONCAT(STR1:=STR1, STR2:="nens’);

Ha camom gese TyT Bce IIPaBUJIBHO: CJIeBa OT 3HaKa IIpHCBauUBA-
HUS — mapaMmeTrp QyHKIIUU, cIIpaBa — IepeMeHHasd.

OnucaHHBIN CIIOCO0 BBI30BAa (DYHKIIUU IIPEAIIoaraeT BO3MOYKHOCTH
3aJlaBaTh IMapaMeTpPhl B IPOW3BOJBHOM MHOPAJAKE U OIMYCKATh HEKOTO-
prie u3 Hux. Texymiaa Bepcusa CoDeSys He obecmeunBaeT PyHKIIUAM
TaKyI0 BO3MOYKHOCTH. EJIWHCTBEHHBIA CMBICJ TaKOW HOTAIlUM — B
YHUBEPCAJTBLHOCTU, MPUEMJIEMON A (QYHKIMOHAJBLHBIX OJIOKOB u
IporpamM.

ITepemaua mapaMeTpoB (GYHKIIUU BCeTZa MPOUCXOIUT ITyTEeM KOIIU-
poBanus. IIpu a060M crmocobe BbIZ0OBAa (DYHKIIUA IIOJYYAET JIOKAJb-
HbIe KOIIMY 3HAUEHUI ITePEeMEeHHbBIX.

5.2.3. ®yHKIIMM ¢ IepeMeHHBIM YHCJIOM IIapaMeTPOB

Has MHOTMX (QYHKIUI TPYIHO IpPEeAyragarTh, CKOJbKO 3HAUYEHUH
HYXHO OyzerT oOpaboTaTb B KOHKpPETHOM ciayuae. Hampumep, s
dyaxmuu AND MOKXHO OrpaHMUUTHCA ABYMSA BXOJaMU U HCIOJIB30-
BaTh «JIECEHKY» BBI3OBOB (DYHKIIUI /i 00PabOTKU OOJIBIIIETO YHCJa
mepeMeHHBIX (puc. 5.2).
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AND AND x1— AND  |—y
X1 —| v
X2 —|
X2 — X3 —|
X3 —]
Puc. 5.2. Coegunenue Puc. 5.3. Pacmmpsaemas
IBYXBXOM0BEIX AND peanuzamusa AND

Ha pwumc. 5.2 mpexacraBieHa He OUeHb KpacuBasg KOHCTPYKIIUS.
Bbiio 0bI 3HAUUTENBLHO yAOOHEEe MMEeTh «pPaCIIUpPAeMyio» (GYHKIIUIO,
KOoTopasa MorJia Obl afallTUPOBATHCA IIOJ IIePEeMEHHOe YNCJIO IIapamer-
poB. Takas peanusarus moxkasaHa Ha puc. 5.3.

Craugapt MOK peilicTBUTEeNBHO IpeaycMaTpPUBAET TAKYI0O BO3MOIMK-
HOCTh. B TEKCTOBBIX sI3BIKAX PACIIUPEHNE IMPOU3BOAUTCSA I00aBIEHU-
eM TIepeMeHHBIX B KOHEI[ CIIICKa IIapaMeTpOB:

y := MUX(x_n, x1, x2, x3, x4, x5);

Ilo npuuwmHe CJIOXKHOCTU peaaudalluy TPAHCIATOPa IlepeMeHHOe
YMCJIO IAPAMETPOB B IIOJIb30BATEIbCKUX (MDYHKIIMAX HE MCIIOJIb3yeTCH.

5.2.4. OnepaTops!l U PyHKIUU

Onepamops. — 3TO CHUMBOJIBI ONpPENeJeHHBIX omeparnuii. Ho wmx
MOJKHO OIpeleJUTh U KaK (PDYHKIMHN, HaJeJeHHbIe ONpeneIeHHLIMUI
OPUBUJIETUAMU. BO-TIePBBIX, KO AJA OIePaTOPOB TPAHCIATOP CO31aa-
eT caM M He TpebyeT MOAKJIIOUEHUS KaKUX-JInbo 6ubamorek. Bo-BTo-
PBIX, MHOTHIE OIIePATOPLI MMEIOT 0CO0bIle (DOPMBI 3aIVCH B BBHIPAMKEHU-
ax ST. Hanmpumep, MaTeMaTudecKue OMePaToOphl (CI0XKeHUe, BhIUUTA-
HUe, YMHOMKEeHWe U [IejieHle) HNMeT TPaIUIlMOHHOe CHMBOJILHOE
mpeAcTaBJIeHNEe B TEKCTOBBIX A3BIKax (+, —, ¥, /). B rpadpumueckux
A3BIKAX OMEepPaTOPhI BHITVIAAAT KaK OObBIYHBIE (DYHKITUH.

B mpuHIUIIE, MOMKHO 00XOAUTHCA 0e3 CUMBOJIBHOTO IIpPecTaBJIe-
HUs omepaTopoB. Hampumep:

Y := SUB(MUL(4,x),3);

Ho cumBosbHOe npesncraBienue B ST BeITIAAUT 3HAUNTEIBHO JIyUIIIe:
Y:=4%x-3;

MaTreMaTUKU IUIINYT eIlle Kopoue:

Y =4x — 3.
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Bce Tpu 3amucu paBHOLEHHBI MO cMbIcay. CHUMBOJBbHBIE BbIpake-
HUA TOHATHEEe U JAI0T BO3MOYKHOCTL 0OJiee CKOHIIEHTPUPOBATHCA Ha
CyTU BBIpa’K€HUs, a He Ha (hopMe ero ImpeacTaBJIeHUS.

IIpu pa6ote ¢ omepaTopaMu HEOOXOAMMO oOpalllaTh BHUMaHUE Ha Ha-
JIM4Yrie CUMBOJIBHON (DOPMBI IIpeacTaBieHus. Tak, [ MaTeMaTUUeCKUX
U JIOTUYECKUX OIIepaTopoB B A3bIKe ST, Kak IpaBMJIO, TOIYCKAETCSA TOJIb-
KO CUMBOJIbHOe TIpeficTaBieHne. Beipaskenue Y := AND(x1, Xx2) BbIBOBET
omnbKy KoMmnmaanuu. Heooxomumo nucath Tak: Y := x1 AND x2;. Ec-
JIZ OIIepaToOp He MMeeT CUMBOJILHOTO IIPEJCTABJIEHNUA, TO HA HEroO pac-
IPOCTPAHAIOTCS OOBIUHBIE IpaBuUJia BbI3oBa (yHKIuMii. Hampumep:
y := SQRT(x);.

ObpaTuTe BHEMaHMNe, YTO MMEHA BXOIHBIX ITapaMeTPOB IJIsS olepa-
TOPOB B ONMMCAHWM He 3aJaHBbI. JTO O3HAUAET, UTO BHIBLIBATH TaKUe
dyuxnuu B ST MOKHO TOJBKO IIepPeUYrcJIeHeM IapaMeTpPOB.

5.2.5. Ileperpyska (yHKIHIl 1 OIIEPaTOPOB

CyimecTByeT JOCTATOUYHO MHOTO (DYHKIIUI, MMEIOIIUX CMBICJ IJIS
mepeMeHHBIX pasHoro tuma. Hampumep, pyakimus MAX BosBpaiaer
HamboJbIllee M3 BXOAHBIX 3HaueHuii. OueBUOHO, UTO KOJA KOMAaHJ
MHEKpOHpoIeccopa, omepupyioIiux ¢ nepemeHHbiMu tuna SINT u
REAL, nmonxeH OBITH Pas3HBIM, HO C TOUKU 3peHuA A3bIKOB MOK sTO
ooHa W Ta Ke QYHKIUA. ABToMaThyecKas TreHepalus PasHOTO Koaa
IS ONHOM (DYHKIIMH B 3aBHCHUMOCTHU OT THUIIOB II€PEMEHHBLIX HAas3bIBa-
eTcs nepezpy3koil. Peanusanusa neperpy3ku moJab30BaTeIbCKUX MYHK-
MU CJIOMKHA [JIs TPAHCAANUUA U CIOpHAa. Ileperpyska omepaTopoB
mpo3pavHa I KOMIMJIATOPA C TOUKU 3PEHUS KOHTPOJIA TUIIOB. B mo-
JIb30BATENbCKUX (PYHKIIUAX dTO MOYKET IPUBOAUTH K CJIOMKHO JIOKAJIH-
3yeMbIM OIIUOKAaM.

MHorue craHgapTHbIe PYHKIIUU W OIEPATOPHI MOAIEPKUBAIOT IIe-
perpysky. Tum camoit (PyHKIMU OIpeneseTca TpeOOBaHHEeM COBMeEC-
TUMOCTH C BXOAHBIMU TUNaMu. Tak, aaa yaxkiunu MAX ¢ BXOTZHBEIMU
napamerpamu tumna INT Beixon 6ymer tuma INT.

5.2.6. IIpumep hyHKIIUU

Paccmorpum mpumep dyHKumuum mesoro tTuna Nearby int, BosBpa-
miaroreit oausKaiiiiee K o6pasiy pattern 3HaueHUEe U3 IBYX BXOTHBIX
inl nin2.

O0baBIIeHHE:

FUNCTION Nearby_int : INT
VAR_INPUT
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pattern, inl, in2: INT;
END_VAR

Ha sspike ST Teno pyHKIIUU GymeT TaKUM:

IF ABS(inl — pattern) < ABS(in2 — pattern) THEN
Nearby_int := inl;
ELSE
Nearby_int := in2;
END_IF
JlokanbHBIE TIepeMeHHbIe B JaHHOM MIPUMEpe He WCII0Jbh30BaHBI,

coorBeTcTBeHHO cexius o0baBaenuit VAR...END_VAR orcyrcTByer.
Ha sasbike IL 5ToT aJropuTM MOXKHO BHIPA3UTh TaK:

LD in2
SUB pattern
ABS
ST tmp
LD inl
SUB pattern
ABS
LT tmp
NOT
JMPC ret_in2
LD inl
ST Nearby_int
RET
ret_in2:
LD in2
ST Nearby_int

3mech MCIIOJb30BaHA MIPOMEKYTOUHAs IepeMeHHasd tmp, KOTOPYIO
Heo0X0JMMO O0'bABUTH:

VAR
tmp:INT;
END_VAR
Ananornunyio pyaxmuio B FBD ymo6HO peanu3oBaTh ¢ mpuMeHe-

HUeM OWHApHOro MYyJbTHILIeKcopa. Takoili mpumep IpeacTaBieH Ha
puc. 5.4.
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SuUB LT SEL
ABS
in1— — — Nearby_int

in2 —

pattern —

in1 —

SUB
ABS
in2 — —

pattern —

Puc. 5.4. Peanusanusa pynxuuu Nearby_int 8 FBD

5.2.7. OrpaHuueHne BO3MOSKHOCTEH (PYHKIIUU

MosxkHO a1 co3maTh (PYHKIIMIO ¢ BHYTPeHHel mamaThio? MoxkHO,
ecJii TMOUTH Ha XUTPOCTb — MCIIOJb30BaTh B (DYHKIIUU TJIOOAJIBHYIO
IepeMeHHYI0, ee 3HaueHue OyAeT COXPAHATHLCS IIPU IIOBTOPHOM BBI-
3oBe. IIpu sTomM cama (yHKIUA OymeT 006JagaTh YHUKAIBHOCTBHIO
riaobanbHOU mepeMeHHOUW. Tak, MOMKHO caejaaTh (PYHKIIUIO CUETUHUK,
TOCUNTHIBAIOIIYI0 YMCJIO BBLIZ0OBOB (DYHKIIMU B TJIO0AJILHOM mepe-
menuoii. Co3maTh HECKOJNLKO HE3aBUCHUMBIX CUETUMKOB HA OCHOBE
TaKoil (PYHKIIMU HEBO3MOKHO. Kpome TOro, MOXHO OOpPATUTHCA U3
GYHKIINM K HEKUM AalllapaTHLIM CpeIcTBaM, IIOCPEACTBOM HPAMO
agpecyeMbIX IIepeMeHHbIX. Hampumep, K CcHCTEMHOMY TaiiMepy.
B sTom ciyuae (pyHKIUA OymeT BO3BpAIllaTh pas3Hble 3HAUEHUS MAJIA
ONMHAKOBBIX BXOJHBIX AaHHBIX. Ho Ha camom meje, Jilo0Oi arma-
paTHBIM pecypc umaM TyobajdbHAs TepeMeHHas He MPUHAIJIeKaT ca-
mo#t pyurnuu. Ilo cytu, a1 GYyHKIIUKA 9TO Te Ke (PpopMaJibHBIE IIa-
pamMeTpbl. PasdHuUIa TOJBKO B TOM, UYTO 3aKOHHBLIE ITapaMeTpPhl MAJIA
(YHKIINM TOTOBUT BBIBBLIBAIOIINII KO, a 3HAUEHUSA IJI00AJbHBIX IIe-
peMeHHBIX OHAa HoOBIBaeT caMma.

JlokasbHBIE TepeMeHHbIe (PYHKIINU, WMeIoI[ue SBHO 3aJaHHBIEe
HavaJbHbIE 3HAUEHWUS, IMOJydYaT MX BCAKUIA pas B Hauajie pPabdOTHI
¢pyuxnunu. Eciu HavaabHbIEe 3HAUCHUA He 3aJaHBLI, CUTyaIlUs MOXKET
OBITH pasauuHOi. TpaHCAATOP MOMKET OOHYJIATHL MX MPUHYIUTEIHLHO
WJIM He TPATUTh HAa 9TO BPEMs W OCTABIATHL CAyUYalHbIe 3HAUEHMUS.
ATO 3aBUCUT OT peanmsanuu. HexoTopble reHepaTopbl KOAA NMEIOT
CIeIIMaJbHBLIN (JIa’KOK B HACTPOWKAaxX, IIPeNOCTABIAIONINN BBIOOD
HIPOTrPaMMUCTy — CKOPOCTb UM JOMOJHUTEJbHAS CTPAXOBKA OT CJIY-
YaWHBIX OIINOOK.

O6BIUHO TPAHCJIATOP pasMellaeT JIOKaJIbHbIE€ II€pEMEeHHBbIE€ U1 IIapa-

MeTphl (pyHKIUU B cTeKe. Ho aTo He Bcerza Tak. BodMOKHO, 4UTO U3
CcoOOpasKeHni ONTUMU3AIlNN WUJIN B CHUJY allapaTHBIX OTpaHNYeHU
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(HeKOoTOphbIe IIPOIECCOPhI MMEIOT OUeHb MaJIeHbKUII CTeK) IJad (PyHK-
muu OyZeT OTBEJEHO IIOCTOAHHOE MECTO B CTAaTHMUECKOI obJyiacTu IaH-
HbIX. Torma MoskeT HMOJMYyUYUTHCSH, UTO JIOKAJbHBIE IIePeMEHHBIE OyAyT
COXPAHATH CBOU 3HAUEHUS MEXKIY BBIZOBAMM’. JTO 9K30TUUECKOE WCK-
JIIOUeHre W3 OOIero mpaBuJia, U MCIOJb30BATh €ro KpaliHe OIacHo.

KommonenTsr SFC TpeOyioT HEKOTOPOH HaMATH JaHHBIX AJIA 3aIl0-
MHUHAHHUSA CBOEro TEKYIIero COCTOAHUA. [109TOMYy 3ampeT Ha X HCIIO-
Jb30BaHNE B (DYHKIIUAX He YIUBUTEJIEH.

C skseMIIApaMu (PYHKIIMOHAJLHBIX OJIOKOB CUTyaIlUA IIOXOXKAasd.
Ecau sksemMniasap GpyHKIIMOHAIHLHOTO 0JIOKA CO3JaTh B JIOKAJBHOM IIa-
MATH (QYHKIUU, TO €ro IepeMeHHble OyAyT NPUHUMATHL HavaJIbHbIE
3HAUYEHUSA MIPU KAKAOM BbI3OBe (yHKIMHU. VIHOrIa 9TO HE CYII[eCTBEeH-
HO. CoDeSys He OrpaHMUMBAET TAKYI0 BO3MOYKHOCTB, CJIENYsS 3aKOHY
Keiicopa: «MoskHO cmesiaTh 3allfUTy OT AypaKa, HO TOJBKO OT HEem300-
peTaTeIbHOTO>» .

ITo ompenenenmio, MYHKIMA BO3BpAIllaeT OJHO 3HAUEHUE, HO DTO
OueHb JerKo oboutu. Tun GyHKIIMKM MOXKeT OLITh COCTABHBIM, HAIIPIU-
Mep CTPYKTYpoi. 3/ech HE0OOXOAMMO UMETh B BUAY, UTO, IIPEKIE UeM
WCII0JIb30BATh AAHHBIE DTOU CTPYKTYpPHI, €€ MPUAETCA IPUCBOUTH He-
KOTOpPOII OMHOTHUIIHOI IepeMeHHOIi. Takoe IIpHCBOeHNE BBIMOJIHAETCS
TPAHCJAATOPOM, IIYyTEM II00ANTHOTO KOMMPOBaHUSA. DaKTHUUECKU STO
IUKJ, CKPBITHIH OT IPOTPAaMMMUCTA 3a IIPOCTHLIM 3HAKOM paBEHCTBA.
IToHATHO, YTO TPWM KOIMWPOBAHUU CTPYKTypa UJIN MACCUB TPEOYIOT
BpPEMEHU IIPONOPIIMOHAJBLHO CBOEMY pasMepy. AHaJloTMYHAA CUTYa-
UA CKJIAABIBAETCA U IIPU Iepejaue COCTABHBIX TUIIOB B KauecTBe IIa-
pameTpa (PDYHKIIUN.

DyHKIUA 00513aTeIbHO AOJYKHA WUMETh XOTs ObI OJMH BXOMHOU Ta-
pameTp u o0si3aHa Bo3BpaIlaTh 3HaueHue. IlycToil Tum, obo3Hauaro-
muii orcyreTBue mepegauu 3HaueHui (tun VOID B C++), crarzapToM
He mpeaycmoTrpeH. Eciu BosBpalaTh BCe Ke HeUero, HCHIOJIb3yhTe
tunt BOOL. Bbl MoskeTe qaske He NMPUCBAWBATH 3HAUEHUS BBIXOMHON
nepeMeHHON (QyHKIUH. [lo ymonuanmio QyHKIUA OyAeT BO3BpAIaTh
FALSE. Bosspar BOOL maer mMusepHble 3aTpaThl KOZA AJIsA JIFOOOTO
TUIIa TPOIleccopa.

OmpenesnieHHBIe TPYAHOCTHU C TpUMeHeHHeM (QYHKIIUA BOBHUKAIOT B
sasbike LD. 3mech nHOTAa IPUXOAUTCS UCKYCCTBEHHO AOMOJIHATL (QyH-
KI[UIO TOIOJIHUTEJNbHBIM BXxomHbIM mapamerpom EN (ENable), paspe-
MIAIOIUM WJIM 3aIIPeIaloIiM BhINloJHeHne QyHKiuu. IlonpobHee cM.
pasgen «Pacmimpenue BosmoskHOCTEH LD».

Cpenu kommoueHToB MOK, QyHKI[MA IPEACTABIAET «JIETKYIO BECO-
BYIO KaTeropuio». IIpuMepoM XopoIinunx (pyHKIINHA SBISAIOTCA CTaHIAP-
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THBIe QYHKIIUY U OIlepaTopbl. YMca0 MX BXOAHBIX ITapaMeTPOB OOBIU-
HO He IIPEeBBIIIAeT TPeX.

Ecim mnpu peanusanuu (GYHKIUK BO3HUKJIKW BBIIIEONNCAHHEIE
CJIOJKHOCTU, OOBIUHO JIYUINIMM PeIleHueM ABJISEeTCA IepeBop ee B 00-
Jiee «Cepbe3HYI0» BECOBYIO KATeropuio — (PYHKIMOHAJLHBIN OJIOK.

5.2.8. ®yHKIUU B JIOTUYECKHX BHIPASKEHUIX

IIpumeHeHUe PYHKIUN B J02ULECKUX BbLPANCEHUAX UMEET OIHY
TOHKOCTh. Jlormueckoe BBIpa:keHme He Bcerza 00s3aTeJbHO BBIYMC-
JATH IeJINKOM. BO3MOMKHO, UTO II0 HEKOTOPOIl HauaJbHON UACTU BBI-
pasKeHUs y:Ke MOYKHO CIeJsiaTh BBIBOJ 00 MTOroBOM 3HaueHnu. OnTu-
MUBUPYIOIINUHA KOMIUJIATOP JOCTATOUYHO «Pa3yMeH» IJIA TaKUX JeicT-
Buii. To ecTh, ecau JIOTMUECKOe BbIpa'KeHUEe COLEPKUT (DYHKIUU, TO
HeJIb3s TapaHTUPOBAThH, UTO BC€ OHU OYAYT BHI3BAHHI.

Hanpuwmep:

IF funcl(x) OR func2(x) THEN ...

Ecau funcl(x) Bosspamtaer TRUE, To func2(x) BeI3bIBaThCsA He Oy-
IeT.

Eme ozun HarmAanHbll nOpuMep Ha a3bike FBD mokasan Ha
puc. 5.5.

NORMA AND

NORMA

Puc. 5.5. @DyHKuus B J0rm4ecKoM BhIPAKEHUH

31ech HeJab3s rapaHTUpPoBaTh, uTo QyHKNuA NORMA Oynmer BbI-
3BaHa 2 pasa. Ecim mepssiii Bei3oB gaer FALSE, To momsaTHO, uTO
JaJIbIlle JIOTUYECKOe BHIPA'KEHWE MOYKHO He IPOBEPSATH.

Korga @yHKIUM, y4acTBYIOIIME B JIOTUUECKUX BBIPAKEHUAX, HE
IeJIal0OT HUKAKOI IIOCTOPOHHEI paboThl, HMUUYEro CTPAIIHOI'0 B OIMCAH-
HOM HeT. IloaTOoMy KpaiiHe He JKejlaTeJbHO B JOTHMUECKUX (QYHKIIUIX
BBITIOJIHATH 3amnuch BeIixonoB IIJIK uau riaobanbHBIX ITepeMeHHBIX. He
UTHOPUPYHTE JaHHOE MPenympeKIeHre, IMOCKOJbKY <«OTJIOBUTL» Ta-
KYIO OIHOKY OUeHb CJO0KHO. Eciiu maske OMMCaHHBIN 3(dexT He mpo-
ABJIAETCSA, HET TapaHTUM, UYTO OIMMOKA He BO3BHUKHET B APYrO#l IIPO-
TPaMMHOU cpelie MU C HOBOI BepcHeil KOMIIUJISATOPA.
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5.3. ®yHKIIHOHAJIbHBIE OJIOKHU

DPYHKYUOHAAbHYBLI 00K — TPOTPAMMHBIN KOMIIOHEHT, OTOOpasKa-
IO MHOXKECTBO 3HAUEHHUII BXOMHBLIX IIapaMeTPOB Ha MHOXKECTBO
BBIXOZHBIX. Ilocje BBIIOJHEHUA SK3eMILIApa (PYHKIMOHAJILHOTO 0JIO-
Ka BCe ero mepeMeHHBbIe COXPAHAITCS OO0 CAeAYIOINero BBITTOJHEeHUS.
CienoBaTelbHO, (DYHKIITMOHAJIBbHBIA OJIOK, BBHIBBIBAEMBIN C ONHUMU U
TeMU K€ BXOJHBIMHM IIapaMeTpaMu, MOXKET IIPOU3BOAUTH Pa3INUYHbIE
BBIXOMHBIEe 3HAUeHuA. COXpaHAIOTCA BCe ITepeMeHHbIe, BKJI0Uasa BXO/I-
Hble U BBIXOAHBIE. Tak, ecii Mbl BHI30BEM 9K3eMILIAP PYHKIIMOHAID-
HOr'o 0JIOKa, He OIpeAeJisas 3HAYEHUs HEKOTOPBIX BXOMHBIX IIapaMerT-
poB, OH OymeT MCIOJH30BATh paHee YCTAHOBJEHHBIC 3HAUeHUA. Bo3-
MOJKHOCTh 3aJaHUsA IIePEeMEeHHOr0 UMcja BXOAHBIX 3HAUEHHUI 3aJi0Ke-
Ha II0 OIpeeseHNI0 U He TpedyeT KaKMX-JIr00 JOIOJHUTEIbHBIX YCHU-
auii. VI3BHEe MOCTYOHBI TOJBKO BXOABI W BBIXOABI (DYHKIIMOHAJIHLHOTO
6JI0Ka, MOJYUYUTh JOCTYII K BHYTPEHHUM IEePEeMEeHHBIM 0JI0KA HeJIb3s.

C mosumuii 008eKMHO-OPUCHMUPOBAHHO020 NPOZPAMMUPOBAHUS
(OOII) (pyHKIMOHAJBbHBIE OJOKM — 9TO O00BEKThI, BEJIMKOJEIHO pea-
JUIYIONNEe WHKAICYJSAINIO, T. €. COKPBITHE JAeTajiell peau3aliuu.
O0bennHeHne Kola U JAHHBIX B «OMHOM (PJIaKOHE» POTHUT (PYHKIIHO-
HanbHbIE 0J10KM ¢ Kiaaccamu OOII. Bo3aMOMKHOCTE Hacied08aHUSL U NO-
AUMOPPU3M, K COKATIEHUIO, TIOKA OTCYTCTBYIOT.

5.3.1. Cozmanue 3x3eMmasIpa GyHKINOHAJILHOTO 0JI0KA

IIpexae uemM MCHOJIB30BATHL (PYHKIIMOHAJIBHBIA OJIOK, HEOOXOIUMO
CO3aTh €ro HK3eMILIAP. JTa oleparnusa aHaJOTUYHA II0 CMBICIY 005-
ABJIeHNIO TepeMeHHOI. OmrcaB HOBBIN 0JIOK, MBI (D)aKTHUUYECKHU CO3a-
JIM HOBBIA THUII HAHHBIX IIOAOOHBIN CTPYKType. KasKaplil (pyHKIIMOHA-
JBbHBIN OJOK MOXKeT MMeTh Jifo00oe KOJWUEeCTBO 5K3eMILIApoB. Taxk,
pasiauuHble SK3eMILISAPBI 0JIOKa «TaliMep» COBEPIIeHHO He3aBUCUMBI
Ipyr oT apyra. Kaskabplii m3 HUX HUMeeT COOCTBeHHBbIe HACTPOUKHU U
JKUBET COOCTBEHHOU JKU3HBIO.

Kaxxgprii sk3eMmiIsap GpyHKIIMOHAIHLHOTO 0JIOKa MMeeT CBOil coOCT-
BEHHBIA MAeHTU(MUKATOP U CBOIO 00JIACTH B CTATUUECKOMN IMaMATU IaH-
HbIX. O0BSABIEHNE €Ille OJHOTO 9K3eMILIApa 0JI0OKa MPUBOAUT K BBIJE-
JIEHHUIO eIlle OLHOM 00JIacT! B IIaMATH JAaHHBIX. Ko, OUeBUIHO, KaK U
Ias QYyHKIIMU, ocTaercsa oomum (puc. 5.6).

IK3eMmnaap PYHKUUOHALLHOZ0 0J10KA CO3JaeTca B pasdjese O0baB-
JeHUH TMepeMeHHBIX (PYHKIIMOHAJIBHOTO O0J0Ka, MIPOTrpPaMMbl WU B
pasgese ryiobajabHBIX IIePeMeHHBIX MpoeKTa. Kak u mmepemMeHHBIE, OH
IOJI’KEH IOJIyYUTh YHUKAJBHBIN uaeHtuduxarop. Hampumep, cosga-
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MamsATb AaHHbIX MamsATe nporpamm

Oksemnnsp 1

Oksemnnsp 2 [, Koa dyHKUynoHanbHoro
6noka

Oksemnnsip 3 /

Puc. 5.6. Pacnpenenenne namMaTH I 9K3eMILIIPOB (DyHKIMOHAJIBHBIX
6JI0KOB

HUe 9K3eMILIAPa CTAHZAPTHOTO (GhYHKIIMOHAJIBLHOTO 0JIOKA «MHKPEMEH-
THBIA cueTunK» ¢ ugeHtTu@uxaropom ctuTimeMeter BeIrIAIUT TaK:

ctuTimeMeter: CTU;

OueBHUAHO, YTO CO3LABATH 9K3EMILIAPHI MOMKHO TOJBKO IJIS U3BECT-
HBIX cHcTeMe O0JIOKOB. JTO OMOJIMOTeUHbIe OJIOKM WU OJIOKH, paHee
peannsoBaHHBIE IOJb3oBaTeseM. C TOUKM 3peHHMA TPAHCIATOPA, CO-
3IaHNe 9K3eMILIsIpa O3HAUaeT BhIJeJIeHHe HeOOXOAMMON IMaMsATU I
pasMeleHns IepeMeHHbIX 0JIOKA.

IOK3eMILIADP (PYHKIMOHAJBHOTO OJIOKA MOYKHO HE TOJBbKO BBI3HI-
BaTh, HO U KCIIOJH30BATh B KAUECTBE BXOMHBIX IEPEMEHHBIX IPYTUX
(GYHKIIMOHAIBHBIX OJOKOB.

DOYHKIMOHAJBHLIM OJIOKOM WMHOIZA HA3LIBAIOT SK3EeMILIAP (PYHK-
IMUOHAJIBHOTO 0JI0Ka, AJA KPAaTKOCTU. B maHHONW KHUTE TaKue HeomHO-
3HaUYHbIE COKpAIeHus NPUMeHAThcI He OyayT. Ilo3BosuMm cebe TOJb-
KO Ha3bIBATh MHOTAA (PYHKIIMOHAJIBLHBIN OJIOK IIPOCTO OJIOKOM, a 9K-
3eMILIAP PYHKIIMOHAJIBHOTO 0JIOKA — 9K3E€MILISAPOM.

5.3.2. TocTynl K mepeMeHHBIM 9K3eMILIAPa

ITociie cosmaHus »sK3eMILIApa (PYHKIHMOHAJBHOIO OJIOKA MOXMKHO
cpasy HauaTh paboTaTh ¢ €ro JaHHLIMU. IIpu 3TOM coBceM He oOsi3aTe-
JIbHO BBI3BIBATH ero. O0pararbcs K MepeMeHHbIM 9K3eMILIAPa MOMKHO
TaK ke, KaK K 9JIeMeHTaM CTPYKTYPhI JaHHBIX, Uepes TOUKY:
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ctuTimeMeter.RESET := FALSE;
ctuTimeMeter.PV := 100;
x := ctuTimeMeter.CV;

Bxoanl sk3eMIIsaApa 6J10Ka MJOCTYIHBI A 3allCU W UTeHUS W3BHE.
Bbixoasl — TONBKO 1A uTeHUsA. VIBMEHATH 3HAUEHUS BBIXOJOB MOXK-
HO TOJIbKO W3 TeJja 0JIOKA, M3BHE HeNb3sd. TPaHCIASATOP OTCIAeKUBAeT
TaKue IOIBITKY U BBIJAeT cOoo0IeHIe 00 OIIubKe.

5.3.3. BpI130B sK3eMILIApa 0JIOKA

Buizvieamuv dK3emMnaip QYHKUUOHALbH020 0J0KA C TIePEeYNCIeHTEeM
mapamMeTpoB, Kak (QDYHKIIMIO, Helb3sd. SHAUCHUS BXOJHBLIX IIepeMeH-
HBIX JOJIKHBI IPHCBAUBATHCA HEIOCPEICTBEHHO. B TEKCTOBBIX S3bI-
KaxX BXOJHBIE IIePEeMEHHLIE MEePEeUNCIAITCS B CKOOKaxX, IIOCIe MMEeHU
sK3eMILIApa. lIpucBamBaHMe BXOAHBIX 3HAUYEHMWI BBINOJIHAETCS OIle-
pammeii ‘:=’.

Ha saspixe ST:

ctuTimeMeter (RESET := FALSE);
Ha saspixe IL:
CAL ctuTimeMeter(RESET := FALSE)

¢

CroenuaJbHBIA CIMBOJ ‘=>’ II03BOJISIET MOJYUYNUTH 3HAUEHUS BBIXO-
OB IIOCJIE BBIMIOJIHEHUS OJIOKA:

ctuTimeMeter (RESET := FALSE, CU := Inpl, CV => x);

IIpu BBI3OBE 9K3EeMILIApa MOKHO OIPENEJUTH TOJHKO HEOOXOMM-
Mble ITapaMeTphbl, IPUUYeM B IIPOU3BOJBHOM MOpPsaKe. B rpaduyeckux
SBBIKAX HEWCIIOJIb3yeMble BXOIbI M BBIXOIbI 9K3EMILIsIpa 0JIOKa MIPO-
CTO OCTAIOTCA He MOAKJIUeHHbIMU — PV Ha puc. 5.7.

ctuTimeMeter

Inpt —CU QF——X

FALSE —RESET CVi—o

—PV

Puc. 5.7. Bri3os skx3emmiaspa dyuknuonaasaoro 6iaoxka (FBD)

B aspike ST mpwu orcyTcTBUEU ImapaMeTpoB mmycTbie ckoOKku B ST 1mo-
cjle UMeHU dK3eMILIsIPa CTAaBUTh He HYKHO:

ctuTimeMeter(); (*JIumrane ckoOKU™)
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Hcnosb3oBaTh 9K3eMILIAPHI QYHKIIMOHAJIBHBIX OJIOKOB B BBIpaXke-
HUAX HEJAb3d, HO MOYKHO UCIIOJIb30BaTh UX BXOAbI U BBIXOMIbI:

X := ctuTimeMeter.PV — ctuTimeMeter.CV + 1;

Bbl MosKkeTe oIpesesuTh 3HAUEHUS BXOJOB 3apaHee U BLI3BATh 9K-
3eMIISAp PYHKIIMOHAJILHOTO 0JI0Ka BOOOIIe 0e3 mapaMeTpPoB:
Ha sasbixe ST:

ctuTimeMeter.RESET := FALSE;
ctuTimeMeter;

Ha aseixe IL:

LD FALSE
ST ctuTimeMeter . RESET
CAL ctuTimeMeter

Hy:xxH0 o6paTuTh BHUMaHME Ha TO, uTo MOK He moomipaeT ucIo-
JIb30BaHUE 3JIEMEHTOB JAaHHBIX OTJEJHHO OT BBI30BA 9K3eMILIApa 0JI0-
Ka, IIOCKOJIbKY 9TO MOXKET IIPUBECTH K IIPOo0JIeMaM IIPU MCII0JIb30Ba-
HUU 9K3eMILIApa 0JJ0Ka B MHOTO3aJauHbIX IpoeKTax. C Ipyroi cTopo-
HbI, MHOT'OKPaATHO€ IIOBTOPHO€ IIpHMCBaMBaHUWE€ BXOIHBIX 3HAUYEeHU
YBeJIMUMBAET pasMep Koja U CHuKaeT 3(PpPeKTUBHOCTh IIPOTPaAMMBI.

5.3.4. Hunnuanusanus JaHHBIX JK3eMILIIpa

IIpu onucanuu 6J10Ka B paszesie 00bABIEHUNH MOMKHO SIBHO IIPHUCBO-
UTh HavaJbHBbIe 3HAUEHUs mepeMeHHbIM. Hampumep:

FUNCTION_BLOCK SyncSwitch
VAR_INPUT

Sync: BOOL := TRUE;

IIpu cosmammm sK3eMILIApPa PYHKIIMOHAJLHOrO 0J0Ka SyncSwitch
BXomHaA mepemMenHas Sync moayuut 3Hauenume |RUE. Ecau Havann-
Hble 3HAUEHUS He 3aJaHbl, UCIIOJb3YIOTCS HYyJIeBble 3HAUEHUS.

IKzeMIIap (YHKIMOHAJIBHOIO OJIOKA MOJKET IMoTpedoBaTh WHIM-
BUAYAJbHON MHUITUAJIUBAIUN, OTIAUYHOU OT TOI, KOTOpad oIpeaesieHa
Opu peanusaluu. YCTAHOBKY HaAUYaJbHBIX 3HAUEHUI IePEeMeHHBIX
IPOIIle BCETO BBITIOJHUTH IPU CO3JAAHUMN 9K3EeMILIApa. SHAUEeHUs, 3a-
JaHHbIE TIPU CO3JaHUM 9K3eMILIApA, CUJIbHee 3HAUeHWH, 3aJaHHBIX
opu peanmsanuu 0JI0Ka.

SyncSw1: SyncSwitch := (Sync := FALSE);
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Tenepp mepemennasa SyncSwl.Sync moayuyuT HadyaJIbHOE 3HAUEHUE
FALSE, HecMmoTps Ha 3HaUeHNe, YKa3aHHOE B 00bABJIEHUN OJIOKA.

dusuvecKku HavaJdbHbIE 3HAUEHUS IIepeMEeHHBIEe IIOJIyYaloT eIlle J0
IePBOTO MCIIOJb30BaHMUA dK3eMILIsaApa. Omeparnua HaYaJIbHOW WHUIIMA-
JU3AaINU TIePeMeHHbBIX IPOU3BOAUTCA II0 COPOCY, KOTOPBHIN BBITTOJIHSI-
eTcsl HEeIIOCPeACTBEHHO Mocje 3arpysku mpoekta B namaATrh IIJIK, mo
KOMAaHe OTJaAunKa WM IPpU mepesanmycke KOHTPOJLIepa.

HexoTopble TPAHCIAATOPLI UMEIOT OMIIUI0 OTKJIIOUEHUA MHUIHAJIU-
3aIliy 1I0 YMOJIYaHHWIO C IIeJbl0 ycKopeHusa samycka IIJIK. B stom
ciIydJae IoJjlaraThCsa Ha TO, UTO IePeMeHHble, He MMeIIre ABHO YyKa-
3aHHBIX HaUYaJbHBLIX 3HAUEHUI, OyAyT IOJydYaTh OJWHAKOBBLIE 3HAUE-
HUA [IPU Iepes3alycKke CUCTEeMbI, HeJIb3s.

BoaMoKHBI cayuam, KOTAa SK3eMILIAPY (GYHKIIMOHAJIBHOTO OJIOKa
HYKHaA pasyMHasa nmHUIuaansanusa. Hanpumep, Aasa HaCTPONKU GJIoKa
Heo0XO0AMMO IIPOBECTH HEKOTOpPhIe BhIuMcaeHusa. ClelnuaJbHON Ipole-
Iypbl MHUIUAIU3AUY B (PYHKIIMOHAJIbHBIX 0JIOKaX He MpegycMoTpe-
HO. 37ech IPUAETCA MOTPATUTL HA WHUIMAIN3AINI0 OAUH UJIU He-
CKOJIbKO II€PBBLIX IIMKJIOB BBINMOJHEHUSA 3K3eMILIApa. OKoHuaHNe
CJIOKHOM TPOIeAYyPhl MHUITUAIU3ATIUNA WHIUIUPYIOT OOBIYHO BBIXO-
mom roroBHoctu (ENO). Hacto ymo6HO MPpUMEHUTH AJIsS WHUIIMAJIN3A-
Uy geiictBue (CM. HUXKE) U COCPENOTOUYNTh KOHTPOJIb HAJ MHUIUAJIN-
samnueii B omHOM MecTe (00bruHO B miare Init SFC guarpamwmer). Taxoit
MeTOJ] ITO3BOJISAET MPOBOAUTL MHUIINATN3AIINIO JaHHBIX, S9K3EMILISIPOB
0JIOKOB ¥ IIPOTPaMM B HEOOXOAMMOW IOCJIeNOBATEJbHOCTH M B3aMMO-
cBsA3U. B OOJBIMMHCTBE Ke MPaKTUUYECKUX CJIydaeB OJjd OJOKOB, Tpe-
OYIOIIUX OIpe[eeHHON HAaCTPONKM, OKAa3bIBaeTCsA JOCTATOUHBLIM BBEC-
TH HECKOJBbKO CIeIMaJbHBIX BXOHO0B (ycTaBoK). TaK cmesaHo BO Bcex
CTaHAAPTHBIX OJIOKAX.

5.3.5. Tupa:kupoBaHue 9K3eMILIAPOB

IIpu HEoGXOAMMOCTH IIOJYYUTh KOIUIO JK3EeMILIApa (GyHKIMOHA-
JILHOT'O 0JIOKA MOJKHO HCIIOJIb30BAThH OIEPATOP IIPUCBAWBAHUSI:

SyncSw, SyncSw2: SyncSwitch;
(*paboraem c ax3emMIIIIpoM SyncSw*)

Ha saswike ST:
SyncSw2 := SyncSwl;

Ha saswike LD peanmsamnus sToro mpumepa ImoKasaHa Ha puc. 5.8.
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MOVE

EN

SyncSw1 — —  SyncSw2

Puc. 5.8. IIpucBauBaHuMe K3eMILIIPOB (GYHKIMOHAJIHHOTO 0JIOKA

OmepaTop IIpHUCBAMBAHUS BBIMOJHAET II00aliTHOE KOINPOBAHIE
JTaHHBIX SK3eMILISpa 6JioKa MO0 aHAJOTHUH CO CTPYKTypaMU OAHHBIX.
OueBUAHO, UTO TaKas TEXHUKA KOIMPOBAHUSA HOAXOAUT TOJBKO IJIs
9K3eMILJIAPOB OJHOTO U TOTO Ke (PDYHKIIMOHAJIHLHOTO OJIOKA.

5.3.6. OcoGeHHOCTH peau3alUy M MPUMEHEHU
(QYHKIHOHAIBHBIX OJIOKOB

BxonHble mepeMeHHbIe BHYTPU OJIOKA MOCTYIIHBI AJIS 3allMCU. ITO
BBI3LIBAET ONpPEJeJIeHHBIM c00JIadH OJd IIporpaMmucra. Tak, HaOpu-
Mep, BXOAHYIO TIepeMeHHYI0 YI00HO MPUMEHUTH B KaUeCTBe CUETUMKA
urepanuii, ecaiu OHa KaK pa3 ¥ OTpaskaeT UYMCJO HYKHBIX IIOBTOPE-
HUHA. ITO IIO3BOJUT M30€KaTh CO3LAHUA JOIIOJHUTEIbLHON JOKAJILHON
mepeMeHHOM. IToCKOJIBKY IIPU BHI30BE 9K3eMILIApa 0JJ0KA BBOAHAS TIe-
peMeHHas AOJIKHA MOJYYUTH HOBOE 3HAUEHUE, HUUEro CTPAIITHOIO0 Ha
HepPBBIN B3TJIAL HeT. BLIZOB SK3eMILIspa He 00sS3aH COIPOBOKIATHCS
IpucBamBaHUEM 3HaUeHUI BceM (OPMAaJbHBIM HmapaMeTpaM. Bo3Moik-
HO, B KAaKOI-TO MOMEHT BBl DPEIIUTE, UTO BXOMHOI IapamMerp y:Ke
oIrpejiesieH, M MOYKHO He 3aJaBaTh €ro IIOBTOPHO. B pedysbraTe 3Haue-
HUe mapaMeTpa OyZeT paBHO TOMY 3HAUEHWIO, KOTOPOe OH MMeJ Ipu
paboTe B pOJiu JIOKAJIbHON MEePEeMEeHHOI, IPU MIPEeIbIAYIIeM BbI3OBE dK-
semmisApa. KoHeuHo, MOKHO OPUAYMATh MHOTO IIPMMEPOB, KOTIa M3-
MeHeHUe 3HaueHUs BXOIHOM mepeMeHHOM 6GesomacHo. Ho Bce ke mcIo-
JIb30BAaTh TaKOUM IIPUeM HYKHO HCKJIIOUUTEJBHO O0ZYMAaHHO M OCTO-
po:kHO. B obmiem ciayuae mpu peanmsainuu 0JI0Ka BXOIHBbIE II€PEMEH-
Hble HYKHO pacCMaTPpWBaTh KaK KOHCTAHTHI.

IIpumeHeHMe rI00ANBHBIX IIEPEMEHHBLIX B (PYHKIIMOHAJIBHBIX O0JIO-
KaxX BBI3BIBAET Te JKe IIPOOJIeMbI, UYTO U B (PYHKIUAX. OK3EMIJIAPHI
0JI0Ka IepecTaroT OBITh HE3aBUCUMBIMU. VI3MeHEHUs IIepeMeHHOI,
BBIIIOJIHEHHBIE OJHUM SK3EMILISIPOM, IIPOSABAT ce0sS COBCEM B APYroM
mecTte. lHOTHA 3TO AefiCTBUTEIHLHO HEOOXOAMMO, HO B OOBIYHOM IIpaK-
THKe ’KeJaTeJIbHO OrPAaHMUYMBATH TaKoe IPUMeHeHUe I100aJbHBIX IIe-
PeMeHHBbIX.

Ecau sk3eMuiasapbl GyHKIIMOHAJIBHOTO 0JIOKA MCIOJB3YIOT TIyioba-
JIbHYIO IEPEeMEHHYI0 TOJBKO JJIS UTEHUS, TO HUKAKUX MOOOUYHBIX SB-
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JIEHUII BO3BHUKHYTH He MOKeT. AHaJOrmuHas CHUTYyalusi BO3HUKAET
IpY IPpUMEHEeHUN NpAMOoaIpecyeMbIxX nmepemMenHbIX. C BxomaMu mpoo-
JeM HeT. EqMHCTBEHHOE OTpaHUYEeHNEe — 3TO YXYIAIIeHre BO3SMOMKHO-
creil 6JI0Ka B MJaHe ero MOBTOPHOIroO ImpuMeHeHus. Ilpu mcmosb3oBa-
HUM O0JIOKa B APYTO# IIporpaMMe WMJU HNPOeKTe MPAMBIe ajpeca IIPH-
JIleTcA MOIPaBUTH. XOPOIllee pellleHre 9TOM mMPob6aeMbl faioT M1abJI0H-
Hble IIepeMeHHbIe.

5.3.7. lllaGsoHHbIE TIEPEeMEeHHbIE

IllabnonHble nepemeHHble NI, KaK WX WHOT[A HA3BIBAIOT, KOHQU-
eypayuonusie nepemernnvie (B CoDeSys variable configuration) siBims-
IOTCA YaCTUYHO OITPEeNeJeHHBIMU IIPAMOAAPECYeMbIMU IIePEMEHHBIMU.
IIpsawmoii anpec sameHsAeTcA 3Be3moukoii. OmnpeneseHre MOJHOTO agpeca
1a0JIOHHOM ITIepeMeHHON HAaeTcs B CIIEIIUATLHOM pasjieie PecypcoB.

Paccmorpum, Kak aTo genaercsa Ha upumepe. Cosmagum OJIOK
SHAMAN, xoTopbIii OymeT uMeTh IIa0JI0HHYIO IIepeMeHuyo bMarvel.
s Hamiero mpuMepa JOCTATOYHO pasfesia 00baBICHUMA:

FUNCTION_BLOCK SHAMAN

VAR

bMarvel AT %1% : BOOL;

END_VAR

Hasee cosmanum nBa sxsemiisapa 61oka SHAMAN B riaBHoIl mmpo-
rpaMme:

PROGRAM PLC_PRG

VAR

Shamanl: SHAMAN;
Shaman2: SHAMAN;
END_VAR

Hst Toro 4To0bl OKOHUATEJIBHO «PasobpaTbCAa» C MIA0JIOHHBIMU IIe-
PEMEHHBIMU dK3eMILISAPOB, X HYKHO IIPOIKCATL B PECypcax IIPOeKTa:

VAR_CONFIG

PLC PRG.Shamanl.bMarvel AT %I1X1.0 : BOOL;

PLC_PRG.Shamanl.bMarvel AT %IX1.1 : BOOL;

END_VAR

Tunbl JaHHBLIX IMA0JOHHON IepeMeHHOH, yKasaHHbIe B 00BbABIE-
HuN 0JIOKa U IPU HACTPOMKe aJpeca B pecypcax, o0d3aHbl COBIALATE.
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5.3.8. IIpumep GpyHKIIMOHAJIBLHOTO 0JOKA

B KauecTBe mpoCTOro IpuMepa peannsdyeM OJIOK CHHXPOHHOTO IIe-
pexaiouaTenass SyncSwitch. Anropurm ero padoThI CJIEAYIOI[WI: BBI-
X0 IepeKJIouaTensa @ IpUHMMAaeT 3HAUEHWs, paBHbIe BXomy Start,
HO IIepeKJIloueHMWe BBIXOJAa pasperieHo ToabKo mpu Sync := TRUE.
T'paduuecku aTo oTpaskeHo Ha puc. 5.9.

JLIL LT

start

qJ

Puc. 5.9. JduarpaMma padoThl CHHXPOHHOTO HEePEKII0YATET

VYcnoBue BKJIOUEHUS BBIXOA BhIpakaeTcs ypaBHeHumeM: Q = start
AND sync, a ycimoBue BrikaOueHuA Q = NOT start AND sync. 3uaue-
HIUe BBIXOJA JOJKHO COXPAHATCSI MEKIY CUHXPOUMITYJIbCAMMU, ITI09TOMY
HMCIOJIb30BAThL 3/leCh PYHKIMIO Heab3si. Ha sswike IL 6ok SyncSwitch
MOYKHO DPeajn30BaThb TaK:

FUNCTION_BLOCK SyncSwitch

VAR_INPUT
Syne: BOOL;
Start: BOOL;
END_VAR
VAR_OUTPUT
Q: BOOL;
END_VAR
LD Sync
AND Start
S Q
LD Sync
ANDN Start
R Q

Takoit 610K moJIe3eH MPU Peaausaluu «0e3yIapHoTo» IepeKJIue-
HUSA B I[eIU MePEeMEHHOI0 TOKa. MMIyJbChl CUHXPOHUSAIUN TOJIMKHBI
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OTpa’kaTh MHTEPBAJbl, KOIJa MI'HOBEHHOE 3HAUEHUE CEeTEBOr'0 HAIPS-
sKeHUA 0IM3KO K Hys0. Torga mepekjaoueHre CUJIOBOI IENU C BBIXO-
ma SyncSwitch 6ymer mpoucxoquTs 6e3 6pocKka ToKa.

KoneuHo, mpakTUUYeCKoe 3HaAUEHNE HAIIET0 HOBOTO 0JI0KAa HECKOJIb-
KO MEpKHEeT, €C/JIi BCIOMHHUTL O CTAaHIAPTHOM OOMUHAHMHOM nepe-
kawuvamene — SR. C uum 3amaua peraercss B ogHy cTpouky (ST):

SR_1(SET1:= Start AND Sync, RESET:= Sync, Q1=> Q);

5.3.9. [eiicTBua

B dyurnmonanbabiX 6s10Kax MOK oueHb He XBaTaeT BO3MOXKHOCTU
BBIIIOJIHATDh HECKOJIBKO PasJMUHBIX omeparuii. OcobeHHO, ecau OJIOK
colep:KUT 00beMHbIe NaHHble. MOKHO, KOHEUHO, CAeJaTh JOIOJJIHHUTE-
JbHBIM BXOA U II0 HEMY aHaAJIW3UPOBATh, UTO MBI XOTHM OT OJIOKA.
B CoDeSys sTa mpobjemMa pellieHa caMbIM €CTECTBEHHBIM CIIOCOOOM.
DYHKIINOHAIbHBIE 0JJOKK U IIPOTPAMMbI MOYKHO JOIIOJHATH NelCTBUSI-
mu. [eficTBue paboTaeT BHYTpHU 6JI0OKA C IMOJHBIM ITPABOM AOCTYIIa KO
BCceM JaHHBIM. ETo MOKHO BBI3BATh KaK 13 Tesa 0JIOKA, TaK U U3BHE.
HelicTBre yKasbIBAeTCA Yepe3 TOUYKY II0CJe HABBAHUSA OKIEMILISIPA
6JI0Ka U MOKeT UMETh CIIMCOK 3HAUEHUI BXOMOB M BBIXOJOB. IIpu BBI-
30Be HeficTBUA U3 Tejia 0JI0Ka HauMeHOBaHUe 9K3eMILIAPa, eCTeCTBeH-
HO, He Tpebyercsa. [lelicTBue He MMeeT COOCTBEHHBIX NAHHBIX W HCIIO-
JIb3yeT BXOMBI, BBIXOABI U JIOKAJbHEIE TIepeMeHHbIe 0J10Ka. SI3BIK pea-
JIU3AIUU OeHCTBUA MOYKET ObITh IPOU3BOJIBHBIM.

s mpuMepa JOMOJHUM BBIIIIEONUCAHHBIN 070K SyncSwitch nmeii-
crueMm EmergencyBreak. Ilyckail BbI30B JaHHOT'O IPUBOAUT K MIHO-
BEHHOMY 0e3yCJIOBHOMY BBIKJIIOUEHUIO BBIXOoAa. [lyid ompemesieHUA
IeficTBUSA HYKHO BBIOpaTh OJIOK B opramaiizepe o0bhexkToB CoDeSys
u patb Komaunay «Add Action». Omnumem pgeiicTBue Ha A3BIKe
ST: Q := FALSE; 910 Bce. BrizBarh mamnoe geiicreue us ST-mporpam-
MBI MOXKHO TaK:

SyncSwitchl.EmergencyBreak(Q => q);

B rpadguueckux A3BIKAX MPAMOYTOJbLHUK, IIPEACTABISIONINN JaH-
HOe JIelicTBue, OymeT uMeTh 3arojioBoK SyncSwitchl.EmergencyBreak.

O6paTuTe BHUMAaHNe, YTO OKHO pefaKTopa IJd NeCTBUUA He MMeeT
paszgena obbaBaeHNii. KOMIOHEHTHI IPOrpaMM C JEHCTBUAMU HUMEIOT
packpbIiBaloluecsa CIUCKKU OeHCcTBUII B opramaiizepe o6bexToB. Cru-
COK pmelicTBuUil B pasmeine oobasiaenuit POU me orpaskaercs.

HelicTBusa anasorunyubl Metoxam Kjacca B C++. Tepmun «zgeiict-
BHUe», MOXKAIYH, HasKe IMMOHSITHee, ueM «MeTon». CBOUM IPOUCXOKIe-
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auem getictBus obsasansl SFC. B CoDeSys meiicTBMsI MOYKHO HCIIOJIb-
30BaTh KaK IOAIIPOrPaAMMBbI.

5.4. IIporpamMmmsI

Ilpozpamma — rin06ATBHBIN MIPOTPAMMHBIN JE€MEHT, OTOOparKaro-
IUH MHOKECTBO 3HAUEHMH BXOMHBIX IIapaMeTPOB HA MHOYKECTBO BbI-
xonHbIX. IIporpaMMa OueHb IMOXOXKa Ha (PYHKIIMOHAJBHBIN OJ0K. M3
BCceX MPOTrpaMMHBIX KoMOnoHeHTOB MOK-mmporpamMma camMblii KPYITHBIM.
IIpu momoIiu mporpaMm OmpenessieTcs BEPXHUM yPOBEHDL IIPOEKTa U
peanusyeTcsa yIpaBjeHNe MHOT03aJIauHOCTHI0. IIporpaMMbl ABIAIOTCA
r106aJbHBIMUA KOMIIOHEHTAMU U O0'BSABJIAIOTCA Ha YPOBHE PECYPCOB.

5.4.1. Ucnosp30BaHNe IMPOrpaMm

OOparieHre K mepeMeHHBIM ¥ BBIBOB IPOTPaMMBbI HUYEM HE OTJIU-
YaeTcs OT paboThI C 9K3eMILIAPOM (QYHKIIMOHAJIBHOTO OJIOKA:

AuxiliaryPrg(Active := TRUE, Q => q);

IIpaBusbHBIZ € MO3UIUII CTAaHZApPTa IIPOEKT MOJI)KEH BKJIOUYATH
OHY MJIV HECKOJIbKO IIPOrpaMM, aCCOIIMMPOBAHHBIX C 3amavyamMu. dwuc-
J0 (PyHKIuI n GYHKIIMOHAILHBIX 0JIOKOB, KaK IIPAaBUJI0, 3HAUNTEJIb-
HO OOJIbIIIE.

5.5. Komnmonentsl B CoDeSys

CosmaHue HOBOro mporpammuOro KommouHeHTa B CoDeSys BBIMOJI-
Hsaercsa komaugoit «Add Object...». Komanga oTKpbIBaeT AUaIOTOBYIO
maHesJ b CO3JaHUA KOMIIOHEHTa. BaM HY:KHO OyZeT TOJIbKO IMPUAYMATh
uMsi, BbIOpPATh SISBLIK peasmnsalluy W YKasaTb, YTO MMEHHO TpedyeTcs
co3math — (QyHKIUIO, 6JO0K miam nmporpammy. IITabsioH KOMIIOHEHTA,
BKJIIOUAIONIUH pasies o0bABJIEHUH, cos3faeTcsa aBToMaTudecKu. [lu-
caTh KJIOUeBbIEe CJI0BA O0BABIEHUI BPYUHYIO He IPUXOAUTCA. Beda py-
TUHHaA pabora, KaK U MOJI’KHO OBITH, BHIIOJIHAETCS KOMIIBIOTEPOM.

Ob6wasienua 6ubmuoreunbix POU cozepskaTcsa B caMux (aiiimax
O0uOJIMOTEK, KOTOPhIe HEOOXOAUMO IMOAKJIIOUYATH K IIPOEKTY IIPU IIOMO-
iy MeHemkepa oubsnmorek (Library Manager).

Hepapxuueckuii CIIMCOK BceX KOMMIOHeHTOB mpoekTa CoDeSys co-
mep:xutcd Ha crpaHuuke «POUs» meHemxepa mpoekTa Object Organi-
zer (puc. 5.10). [Ina peJakTUPOBaHUA KOMIIOHEHTA JOCTATOUYHO BbI-
OpaTh €ro M3 COMCKA ABOMHBIM IMEeJIUKOM MbIu. Onucanue M peasu-
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3aluda KOMIIOHEHTA IIpeACTaBIsAeTCA B OTAeJbHOM oKkHe. OxHaA 6aszupy-
IOTCS Ha COOTBETCTBYIOIIEM PeJaKTOPEe, TEKCTOBOM WJIX IpadpuuecKoM,
B 3aBHCHMOCTHU OT SI3BIKA PeaJIn3alluy KOMIIOHEHTa. BbIGop HeoOXomu-
MOI'0 PefaKkTopa IIPOMUCXOLUT ABTOMATUUYECKH.

a POL: [ L LaeHTHdMKaTOR
: FuncBlack_1 [FE)
Function_1 FUN)
@ Function_2 (FUN) AZEIK PESNUSALMW
PLC_PRG [PRG)

THA KOMAOHEHTE

) FOU sl ®E Data t_l,lpesl Visualizationsl % R esourcesl

Puc. 5.10. Cnucox kommoneHTOB mpoekta CoDeSys

B CoDeSys ecTh umHTepecHas BO3MOKHOCTb aBTOMATUYECKU KOH-
BEPTUPOBATL KOMIIOHEHT C OJHOTO f3bIKAa Ha Opyroii. ABTomMaruue-
cKuii mepeBos BodMosKeH Ha A3bIKU 1L, FBD u LD. KorBepTupoBanme
BBITIOJIHsIeTCA KoMaHoii «Project» «Object Convert».

IIpu cosgmamuu 1mabiaoHa HoBOro KommnoHeHTa CoDeSys He mpomu-
ceiBaeT aBromatudyecku 3arosoBok VAR_IN_OUT B pasgene o0bAB-
JeHU# (1 mpaBUIbHO HAesiaeT). [Ipu HeoOXOAUMOCTH €ro HYKHO CO31a-
BaTh BPYYHYIO.

B rpaduueckom mpexncraBienuu kKommnoHeHTa CoDeSys orpaskaeT
napamerpbl VAR_IN_OUT caeBa, cHabG:kasd MX CcIelUaJbHBIM 3HAU-
KOM [> «TpeyroipHHK». B HEKOTOPBIX CHCTEMAX TaKHhe IapaMeTpPhbI
0TOOpa’KaITCsA OJHOBPEMEHHO C ABYX CTOPOH rpaduueckoro 6JoKa.
To ecTh coefmHUTEJIbHAS JUHUSI KaK Obl MPOXOIUT uepe3 u3obpaske-
HUe KOMIIOHEHTA.

T'no6anwvublie mepemernable VAR_GLOBAL, VAR_ACCESS u KoH-
ctauTbl B CoDeSys 00bsaBIAIOTCA TOJBKO B pecypcax. OHU CYIIIEeCTBY-
IOT B €[UHCTBEHHOM 9K3EMILIAPE U JOCTYIIHBI Ha 3aINUCh U UTEHUE AJIA
Bcex POU mpoekra. OObIUHO TI00aJbHBIE IIEpeMEeHHBIe, KOTOPbIE KC-
MOJIb3YIOTCS BHYTPY KOMIIOHEHTA, IIEPEUNCISIOTCA B €ro pasziesie 00b-
asiaeunit mon 3aromoBkoM VAR_EXTERNAL. B CoDeSys aTo menars
Heo0s3aTeIbHO.

DYHKIUIO C IEPEeMEeHHBIM UMCJIOM IIapaMeTPOB B TEKYIIEl BepCUU
CoDeSys cosgath Heab3ss. Ho cranmapTubie omepatopsl ADD, MUL,
AND, OR, XOR u MUX sgaBadmTca paciiupseMbiMu. To ecTb s
HUX JOIMYCTUMO CO3[aBaTh NOMOJHUTENHHBIE BXOIbI.

Ileperpyska monb3oBaTenbcKux (Qyuirunuit B CoDeSys He moamep-
JKuBaeTcsa. B ciyuae HeoOXOJUMOCTU PEKOMEHIyeTCs CcOo3aaTh He-
CKOJIBKO OJWHAKOBBIX (YHKIIUI [Jis PasHLIX THUIIOB I[IapaMeTPOB.



102 T'naBa 5. Komnonents: opranusaumuu nporpamm (POU)

31ech ya00OHO HCIIOJIb30BATh MMEHA (PYHKIUHA ¢ cyPPUKCAMU THUIIOB.
Hanpuwmep:

Nearby sint, Nearby int, Nearby real

Cyddukrc Tuma xXopolrio OpocaeTcsa B Ijasa, M CMBICI €r0 OYeBI-
meH. Berrepckas samuch TaKiKe YCIIEIITHO PeIllaeT 3Ty MpodieMy:

siNearby, iNearby, rNearby

ObpaTuTe BHUMaHNE, YTO B OTJAWYMNE OT (PYHKIIMOHAJIHLHOTO OJOKA
B CoDeSys 9K3eMILIAPOB IIPOrpaMMbI He CyIlecTByeT. Bce mporpaMMbl
oIpe/ieIeHbl TJIO0AJBHO U CYIECTBYIOT TOJbKO B €IMHCTBEHHOM 9K-
semmiApe. OrpaHuYeHW# Ha KOJUUECTBO U CIHOCOO KCIIOJIB30BAHUA
nporpamMm B CoDeSys Her.

IIpu cosmanmm HOBOrO mpoekTa CoDeSys aBTOMaTHMUECKU CO3LaeT
nporpammy c¢ wumeHneM PLC PRG. B oaHO3afauHBIX IIPOEKTaX
PLC_PRG saBasercsa riiaBHOU mporpaMmoii. ITuKJ BBITIOJTHEHUS MOJIb-
30BaTeJNbCKOM 3aJjauml CBOAUTCA K IuKJIndeckomy BbizoBy PLC PRG,
KoTopas JOJIKHA COJEPsKaTh BBI3OBBI BCEX IIPOUMX HEOOXOIUMBIX
KOMIIOHEHTOB.



I'maBa 6. CTpyKTypa mporpaMMHOTO
ooecneuenusa IIJIK

B »sToii riiaBe mpepicTaBiieH BepXHUUM ypoBeHb Momeaum MOK mpo-
rpammupoBanus IIJIK. Onucanbl cpeacTsa, peanns3yIiolliiie BBIIIOJIHE-
HUe OPorpaMM M MHOT033JauHOCTb, TAaHO IOHATHE O pecypcax U dJie-
MeHTaxX KoHQurypamuu. Kak u B APYyrux rJjiaBax, OOIUe MOHATHUA
OynoyT OeTaiu3MpOBaHBLI Ha IIPUMEPEe HX peajlnsaluyd B KOMILIEKCE
CoDeSys.

6.1. 3amauu

HasHauenme 3adau COCTOUT B YyHOpaBJeHUM pabOTOil mporpamMm
IpOeKTa, HCIOJHSIEMBIX OZHUM mpolileccopom. Kak um mporpamma,
KaKkJaas 3ajaua JOJKHA MMEeTh COOCTBEHHBIN YHUKAJIbHBIN UAeHTU(I-
KaTop. 3aJaum MoApasmesaioTcsa Ha IMMUKJINUecKrue U pasoBwie (single).
Brimonaenue pas3o80il 3adayu samycKaerca MO (GPOHTY JOTUUECKOI
TPUTTEPHOU mepemMeHHOU. [[uKInMUecKure 3a7auym BBHIMOJHAIOTCA Yepes
3alaHHbIe WHTepBaJbl Bpemenu. Kakmas 3amaua MOMKeT BKJIIOUATD
BBI3OB OJHOI MJIM HECKOJbKMUX IIporpamMm. Eciu IporpaMmma HMeer
Bxoguable nmapamerpsl (VAR_INPUT), To oHM 3amamoTca B ONMCAHUU
3amaun. Bce mporpaMMbl OOHOI 3aJayuM BBLIMOJHAIOTCA B OZHOM pabdo-
yeMm nukie ITJIK.

OmnpeneneHue 3aja4 B cucrteMax nporpammupoBanusa MOK BbImoJ-
HSEeTCS IO-Pa3HOMY. ITO MOYKEeT OBITH TeKCTOBOE OIMCaHue UJIU Tpa-
duueckoe npeacrasiaenre. CoDeSys cOmepKuUT CHeINAJIbHBIN UHCTPY-
meHT — MeHemxkep 3anau (Task configuration), nmpeacrasiasromnuii 3a-
Jauyy U UX IPOTPaMMBbI B BUZle mepapXuuecKoro mepesa (cm. puc. 6.1).

B m1060M TIpoeKTe Bcerpga CYIecTByeT, KaK MUHUMYM, OOHa 3aja-
ya. [To yMOJIUaHUIO 9TO YUKAULeCKAS 3a0aiad, BEISbIBaeMasa B KayKI0M
pabouem mukJige IIJIK. B CoDeSys oHa BKJIOUaeT eIUHCTBEHHYIO IIPO-
rpammy PLC PRG.

Kaxkgas samaua obJsiamaeT oImpemesieHHBIM IpuopureToM. IIpuopu-
TeT onpeneinsercsa uucaoMm orT 0 mo 32. Uem MeHbIIle YMCJIO, TEM BBIIIIE
npuoputer. Ecau nBe mam 6ojiee 3aJauu JOJMKHBI MOJYYUTEH YIIPaBJe-
HUEe OTHOBPEMEHHO, TO mobesKaaeT 3amada ¢ 0oJiee BBICOKUM TPUOPH-
TeroM. Tak, ecau aBe MUKJINUYECKNE 3aJaUull BCeTAa COBIAAAIOT II0 Bpe-
MEHM U MMEIOT PasHble IPUOPUTETHI, TO 3aJaua ¢ MEHBIINM IPUOPH-
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TeToM He OymeT paboraTh BoBce. IIpu ofMHAKOBOM IIPUOPUTETE yIIPaB-
JeHHre IIoJydaeT 3amava, uMelolas OoJblliee BpeMs oxXumgaHusa. To
€CTh JIBe PABHO IPUOPUTETHRIE 3aJa4uu OyAyT paboTaTh MOOUYEPETHO.

B cucreme ucnomuenusa CoDeSys peanmsoBaHa He8bLMeECHANWULAS
MHO0203a0a4uHOCMb. DTO O3HAYAET, UTO Jobas 3amava, maske OoJjee
IPUOPUTETHAA, HaeT AopaboTaTh TEKYINeil 3amade OO KOHIA OJHOTO
pabouero mumkJa. Pabora IUKJINYECKUX 3ajau SBJIAETCS AallllapaTHO
HesaBucuMoii. Mexanusm ympasiaeHusa 3agadyamu [IJIK Bcerma omupa-
eTcs HaA aNmapaTHBIA CUCTEMHBIN TaliMep, MO3TOMY HeJIb3s TapaHTH-
poBaTh, UTO CHUCTeMa MCIOJHEHHUA 00eCIIeYnuT TOYHOCTHL BBIZOBA 3aau
0 MUJIINCEKYHAbI. Kaxk mpaBuio, MUHUMAJIbHAA JUCKPETHOCTH Bpe-
MEHHOI'0O HMHTEpBaJia, Ha KOTOPYIO Bbl MOJYKETe pPaCCUMTLIBATD, —
10 mc. Korga peub uger o memaeHHbIx aaa IIJIK 3amauax, mHTepBaJIbI
BpeMeHU M3MEPAIOTCA AeCATHIMHU OOJMAMU CEeKYVHAbI. IIpu Takmx uH-
TepBaJiax BpeMs OJHOI'0 pabouero IUKJAa HeCOM3MEPUMO MaJjio, IO3TO-
My MeXaH’3Ma HEeBBITECHAIOIell MHOT03aJaYHOCTH OKAa3bIBaeTCS JI0-
CTaTOUHO AJiA oOeclieueHusS BBICOKOW OTHOCUTEJIHHOW TOYHOCTH pado-
TBI IUKJINYECKUX 3a1ad.

Hampuwmep, samaua momamep:KaHus padouero gaBIeHUsS BO3AyXa B
pecuBepe IpU IOMOINM BKJIIOUEHHUS U BBLIKJIOUEHUS KOMIIpeccopa.
IIBurareato KoMIIpeccopa HeOOXOAUMO He MeHee 5 CEKYyH]I Ha pPas3roH,
a OIIyTHMOE YyBeJWUYeHHe [TaBJIeHNe IIPOM30HAeT MHHMMYM dYepes
1,5...2 MunyTbl. OUEBUAHO, UTO «JAEPTraTh» KOMIIPECCODP UAallle, YeM B
2 MUHYTHI, 6€CCMBICJIEHHO W BPEIHO.

Ha puc. 6.1 mokasaHo ompefeeHne Tpex samad. 3agaua T1 mmeer
npuopureT, paBublii 10, 1 mos:kHa BbI3bIBaThCA yepes 200 mc. 3agaua
T2 mMmeeT HaMMeHBIIINN TPUOPUTET, paBHbIll 20, U MOJKHA BBLI3HIBA-
ThCA B KaKJOM IIWMKJIe, He 3aHATOM APyruMu 3amaduamu. 3amada T3
WMeeT caMblii BBICOKUII TPUOPUTET, PaBHBIN 1, U HOJ/KHA BBISBLIBATHCS
yepes 800 mc.

E--Task configuration =
1~ T1 [PRIORITY := 10, INTERVAL := T#200ms] ||

— PRG_1 :

@~ T2 PRIORITY := 20)

Puc. 6.1. Menem:xep 3amau CoDeSys
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IIpu pab6ore ma IIJIK, ummeromum BpeMs pabodyero IUKJIA OKOJO
55 mc (Takoit nukJg gaer Windows sMyJIATOp, IPUBS3AHHBIN K TUKAM
CHCTEMHOI0 TaliMepa KOMIIbIOTEpAa), BpeMeHHas AumarpamMMa HCIIOJIHe-
HUSA BBIIIEONUCAHHBIX 3amad OyAeT BBIMJIANETh, KAK IIOKA3aHO Ha
puc. 6.2.

220 ms
e E— —

T1
T2
T3

\ 825 ms \

Puc. 6.2. Bpemennasa nuarpamma ucnoanenud 3axau T1, T2, T3

Ob6paTuTe BHUMaHMUEe, YTO TECTUPOBAHNE MHOTO03aJaUYHBIX ITPOEKTOB
TpebdyeT OCO3HAHHON pPaboOTHI ¢ oTaamguuKoM. OTJIaguuK MOJI’KEH OBITH
HacTpoeH Ha Heobxommmyo 3amauy (B CoDeSys xomamma «Set Debug
Task»). TonbKO TOrma TOYKM OCTaHOBA OYAYT KOPPEKTHO padoTaTh,
T. €. OCTAHOB Oy/eT IPOUCXOAUTh UMEHHO IPU paboTe AJaHHOI 3amaduu.

6.2. Pecypcor

C Toukm 3peHus craggapra MOK pecypc sTo omue mpoieccop,
CHAOKeHHBIN COOCTBEHHOM cUCTeMOil mcooJHeHud. To ecThb OgHA WMJIN
HECKOJIbKO 3a7au 3arpysKaeTcs B pecypc u ucmoaHsercsa uM. B CoDe-
Sys (1 He TOJBKO) IPUMEHSIETCA MOHATHE MMPOEKT — BCe IMPUKJIATHOE
mporpaMMHOe of0eciieueHue, obecmeumBaioliiee padoOTy KOHKPETHOTO
npunokenusd. CI0BO Ke «pecypchl» YIOTpebJsseTcss BO MHOKECTBEH-
HOM YHCJIe U OmpenessieT HaOOp alrapaTHO 3aBUCUMBIX JeTajeil mpo-
exta. To ecTh IMPOEKT BKJIIOUAET alllapaTHO HE3aBHCHUMbIE peaimnsa-
muu nporpaMM (GYHKINYU, PYHKIIMOHAJbHBIE OJJOKY U UX JIOKAJIbHBIE
IaHHbIE) U TPeOYIoIe HAaCTPOMKMU pecypchbl. Pecypchl comepsKar:

e ompejesieHre IJI00ATBHBIX U IPAMO aJPeCyeMbIX IMePeMeHHBIX;
o KoH(purypanuio IIJIK;
e YCTAHOBKU II€JIEBOM CUCTEMBbI MCIIOJHEHUA (TUII MUKPOIIPOIIECCO-

pa, pacmpeaeieHne IIaMSATH, IIOPAJOK OaliT B CJI0Be, MapaMeTPhI
ceTu u T. A.);

e MeHeI Kep 3amad.

Croma Ke BKJIOYAIOTCS W JOIOJHUTEJIbHBbIE (DUPMEHHbIE WHCTPY-
MEHTHBI, 3aBUCAIINE OT OCOOEHHOCTEN pean3anuu KOHKPETHOU CHUCTe-
MBI HCIIOJIHEHUS. ITO MOJYJb TPACCUPOBKU IIePEMEHHBIX, TEPMUHAJ
nnst pabotrel ¢ upmeHHbIMU KoMmaHzamu anpa IIJIK (PLC Browser),
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KOH(UI'ypaTop CeTH 1 T. . ITO HeobsA3aTeJIbHbIE JIEMEHTEI, UX HAJIH-
Yre U TOHKOCTU Pa0OTHI 3aBUCAT OT KOHKPETHOI peajusaliii almapa-
TYpHI M BCTPOEHHOTO IIporpaMMHOTO obecrieuerHus ILJIK.

6.3. Koudurypamusa

Cramgapt MOK BBOZUT ellle O4HO HOHATHE 60Jiee BLICOKOTO YPOB-
Hs, YeM pecypc, — 3To KoHpurypanusa. Konuzypayus — 3TO MHO-
JKEeCTBO PECYpCOB, B3aMMOEHCTBYIOIIUX OIpeIeJeHHBIM 00pasoM
(ckoH(MUTYPUPOBAHHBIX). B omHOII cucTeMe MOKeT OBITh HECKOJBLKO
WHTEJJIEKTYaJbHBIX PECYPCOB, KaXKABIN M3 KOTOPHIX obJsamaer cob-
CTBEHHBIM ITPOIIECCOPOM, IAMATHI0 M CUCTEMOIl mcmosiHeHusA. Kak-
IBI M3 HUX MOYKHO IIPOTPAMMMPOBATH. OTO MOTYT OBITH pPeaJibHbIEe
Monysau (BOBMOJKHO, yAaJeHHbIE) UJAU BUPTYyaJbHBIE MAIIUHBI, 9MY-
JUpyeMble OLHUM IIPOIleCCOPOM. Bce OHM MMEIOT JOCTYIl K OIIpesne-
JIEHHBIM HabopaM BXOIOB-BBIXOIOB U KOODPAMHHUPYIOT CBOIO pPaboTy
TOCPEACTBOM TJI00ATbHBIX IIEPEMEHHBIX, PACIOJIOKEHHBIX B 00IIen0-
CTYIHOM ITaMATHU.

Yro Kacaerca mouaTus npoexta B CoDeSys, To 0HO HemocpeacT-
BEHHO CBA3aHO C ONHUM amlapaTHBIM pecypcoMm. To ecTh nas mpo-
rpaMMUPOBAHMUA KaxKkjaoro pecypca (B pamxax MOK-xkoHpurypammm)
IOJI)KeH OBITH CO3JaH OTIEJbHBIN HMpPoeKT. IIoCKOJIBKY cucTeMa IIPOo-
rpaMMHUPOBaHUA YHUBEpCaJbHA, TO 3IeCh He [AeJIaeTCd PasJIuuuii
ISl B3aMMOJIEMCTBUS pecypcoB um KoHurypanuii. TexHuKa ke II0-
CTPOEHUA paCHpeleIeHHBIX CHCTEeM CYIIeCTBEHHO 3aBHUCHUT OT KOH-
KperHoli peasusanuu cetu ILJIK. OTo MokeT OBITH, HAIPUMED, BBI-
COKOYPOBHEBOE B3aMMOJIeicTBUE Uepes IlepeMeHHbIe 00IIero A0ocTyIa
(VAR_ACCESS), oomen (MAP MMS) coo0uieHHAMN C IIOMOIIBIO
6ubamoTeKn (PYHKIIMOHAJIbHBIX 0/I0KOB cTtanmapra MOK 61131-5 uau
pabora ¢ ymajieHHbIMU MoayasaMu BBojaa-BbiBoma (CANopen).

C mepeBomoM cioBa «KoH(purypanuas (configuration) B aurmosa-
3BIUHBIX OIIMCAHUAX CcHUCTeM nporpammupoBanus MOK cyirecTByer
HEONHO3HAYHOCTb. Tak, CJI0BO «KOH(pUIrypalus», KaK I9TO OIUCAHO
BBIIIle, IOHUMAETCSA KaK CYIIECTBUTEJHFHOE (KaK KOHQMUTYypamus Mop-
ckoro nHa). Kpome TOoro, ecTh elfe mpollecc KOHMUTYPUPOBAHUA, KO-
TOPBLIII TaK:Ke HasbIBalOT «configuration». Tax, oobexT «PLC confi-
guration» Ha BKJagke pecypcoB mpoekta CoDeSys — aTo mMHCTDY-
MEHT, BRIMOJHAINNN KoHpurypuposauue I1JIK.
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dra riaBa HauMHAaETCA C KPATKOrO aHaJnm3a OCOOeHHOCTell cosna-
HUA IIPUKJAgHOTO mporpamMMuoro obecmeuenus IIJIK um mpexcrasie-
Hus a3bpikoB MOK. Jlamee kaapiii u3 natu a3beikoB MOK Gymer pac-
cMoTpeH OoJiee moapobHOo. Cremuduka peannsanuy S3bIKOB, CYIIECT-
BYIOII[/i€ OTPAaHUUEHUSA U MYTU Pa3sBUTUS OYAYT IPOJAEMOHCTPUPOBAHBI
Ha mpuMepe TpaHcaaTopa Komiiekca CoDeSys.

7.1. IIpo6aema nporpammupoBanusa IIJIK

Kak 6b110 ommcano Brimie, IIJIK QyHKIMOHUDPYET IMUKJINUYECKUT —
YyTeHUe BXOMOB, BBIMOJHEHNE IMIPUKJIAIHON MPOrpaMMbl U 3aIlNCh BbI-
xomoB. B pesyabraTe mpukgamHoe mporpammupoBanue ajaa MOK ILJIK
CYIIIECTBEHHO OTJHMYAETCS OT TPAAUIIMOHHON MOMAENU, IPUMeHIeMOi
npu paboTe Ha A3bIKax BbICOKOro ypoBHA IIK. Paccmorpum B Kauecrt-
Be WJIIIOCTPAIIUU IIPOCTEHUIYI0 3a7jauy: HEOOXOAMMO 3aIIporpaMMUpPO-
BaTh MepIHawoIuii cBeToBoil mHAMKaATOP. OUeBUAHO, UTO AaJTOPUTM
IOJI:KeH OBITh MPUMEPHO TaKO:

1) BKJIIOUUTH BBIXOJ;

2) BBIZEPIKATh MMaya3y;

3) BBIKJIIOUUTH BBIXOJ;

4) BBRIZEDP'KATH IAY3Y;

5) mepexon K mary 1 (Hauajgo mporpamMmbi);

6) KOHeIl IPOoTPaMMBI.

PeanuzoBannas mo stomy anroputmy nporpamma aiaa IIJIK pa6o-
TaTh He OyzeT. Bo-miepBbIX, OHA COAEPKUT OECKOHEUHBIN IMUKJ. Bech
KOJ IPUKJALHON IPOrpaMMbI BBIMOJHSAETCA OT HAYajga W OO0 KOHIIA B
KaxJgoM paboueMm mukJie. Jlrobas mpukianguas nporpamma IIJIK aBisa-
eTcsl YacThio pabouero IUKJAa U JAOJKHA BO3BPAIaTh yIPaBJIeHNEe CUC-
TeMe HCIIOJHeHusd. IlosToMy mar 5 «Iepexos Ha HA4Yaao IPOrpaMMEI»
JUTTHUH.

Ecnu B Halrem ajropuTMe yIaJdUTh «IIepexoj Ha Hayajao», IIPO-
rpaMma Oyzger paboraTh. XOTsS WM He TaK, Kak 3agyMaHo. BbIXon Bce-
raa OyZeT ocTaBaThbCA B BBIKJIIOUEHHOM COCTOSHUU, IMOCKOJBLKY (hu3u-
YEeCKU YCTAaHOBKA 3HAUEHWH BBIXOJOB MPOU3BOJUTCA IO OKOHUAHUU
NPUKJIATHON IporpaMMbl OAUH pas. IIpomMe:KyTOUHbIE HM3MEHEeHUS
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3HaUeHUII BBIXOZOB HE OTOOpaKaloTCsA Ha almapaTHble cpencTBa. Ko-
HEUYHO, 3HAUeHWEe IepeMeHHON OyaeT M3MeHAThLCA MHOTOKPATHO, HO
OIIpeeJIAIONINM BBIXOJ] CTAHET TOJBLKO IIocjiefHee 3HaUeHIe.

Yro emre miaoxo aaa IIJIK B jaHHOM ajaropurme, Tak 5TO 3aJePrKKa
BpeMeHU. BIIoJIHE BEPOATHO, UTO, KPOME MEPIAHUSA OJHUM BBIXOHOM,
IIJIK gosxewn OymeT BBITIOJIHATH eIlle M APyryio padotry. To ecTh mpo-
rpaMMy HeoOXOoAMMO OyIeT MOMOJHATH. Ho ecau KOHTpOJIIep 3aHAT
OJKUJAHNEM, TO B JAHHOM AJITOPUTME 5TO O3HAYAET, UTO HHUUEro MHOT'O
OH JeJlaTh He CMOXKeT. SHAUUT, BBIIEPKKY BpeMeHU HeoOXOAUMO Op-
raHusoBaTh mHade. JJocTaTOYHO 3aceub BpeMs U 3aHATHCA APYTUMU
JeJaMyu, KOHTPOJUPYS MEePUOSUYECKH! dYachkl. 3[eCh HET HUUYEro 0COo-
6ennoro. Tak mocTymaeT OOLIUHO U OOJIBIITMHCTBO JIOAE B OKUTAHUUT
Ha3HAYEeHHOI'0 Jaca.

C yueToM IIpHBENEeHHBLIX COOOpPaKeHUH aJITOPUTM MEpPIIAIoIero MH-
muxaropa aias IIJIK moixeH OBITH TAKMM:

1. IIpoBeputs TaiimMep, €Cau BpeMs May3bl BBHIIIIO, TO:

a. luBepTupoBaTh BBIXOJ (BKJIIOUNTH, €CJU BBLIKJIIOUEH, W Ha-
o6opor);
6. 11 mauaTs oTCcueT HOBOU MIAay3hl;

2. Konern mporpamMMmEsI.

HecmoTpsa Ha omucaHHbIE CIOMKHOCTH, aJITOPUTM IMOJYUUJICI B UTO-
re npoire. Tak u goxHO ObITh. Texuomorusa IIJIK crnemmanbHO opu-
eHTHPOBaHA HA IIOAO0OHBIE 3aJaum.

OgHa W3 BO3MOMKHBIX IMPAKTHUECKUX peasu3aliuii MepIlaioero
uHAUKaTtopa (c aByMsa TaliMepammu) OymeT IIpeAcTaBJieHa B TJaBe
«IIpuMepsl IpOorpaMMUPOBAHUA», IpUMep «'eHepaTop MMIYJILCOB» .

7.1.1. IIJIK xax KOHE4YHBINI aBTOMAT

Yro6sI ucaTh xopoiiue nporpaMmbl ajas [IJIK, Hy:KHO HAyYUTHCA
IyMaThb OIIpeleseHHBIM o0padoM. CeKpeT COCTOUT B TOM, UTOOBI IIpej-
CTaBJATL cebe KOHTPOJIJIEDP He KaK MAIIUNHY, IIOCJIeJOBATEJHHO BbBI-
TMOJHAMIOIIYI0 KOMaHABI IPOTPAMMBI, a KaK KOHEeuHblLil agmomam.

B n11060M aBTOMATE CYIIIECTBYET MHOYKECTBO BXOA0B (X), MHOKECTBO
BbIx070B (Y) M MHOKECTBO BOBMOYKHBIX cocTosgHUU (S). B Hamem ciry-
Yyae 3dTO KOHEUHbIe MHOJKECTBA, IIOCKOJIBKY UHCJIO BXOJOB-BBIXOJIOB
IIJIK orpanuueHo, Tak ke KaK 1 00beM IaMATU IIePeMeHHBIX (oIrpese-
JIAIONUX BO3MOMKHBIE cOocTOAHUA). HauanbHoe cocrosHuUe (s, € S) on-
HO3HAYHO oIpeaeseHo. ABromar pabGoraer mo Taktam, miasa IIJIK ato
pabounii muKJI. B KaKI0M TakTe 3HAUEHUsS BXOIOB M3BECTHHI. 3HaUe-
HUS BBIXOAOB ompeaeadaoTca (GYHKIUA BBIXOMOB A) 3HAUEHUAMHU BXO-
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OB U TEKYIIUM COCTOSIHWEM. PeaKIlus aBTOMAaTa 3aBUCHUT TOJBKO OT
TEKYIIero COCTOSIHUSA 0e3 IIPeAbICTOPUM, T. €. He BAaKHO, KaK OH IIpHU-
IIeJl B JaHHOE COCTOAHVE. BmecTe ¢ TeM TeKyIllee COCTOSHUE TaKIKe U3-
MeHsIeTCA MO0 TaKTaM, aBTOMAT IIEPeXOAUT B HOBOe cocTosHue ((pyHK-
Ius mIepexonoB 0). B Teopuu aBTOMATOB ONMMCAHHBIE ITECTh O0HEKTOB
A={X,Y, S, sy A\, 0} IpUHATO HA3BIBATH KOHEYHBIM aBTOMATOM MIuIH.

Mzr He Oyzmem OoJjiee TOAPOOHO YIAYOJIATHCS B TEOPUIO aBTOMATOB.
HocTaToyHO MOHATH MPUHIIUI PabOThl KOHEUHOrOo aBTOMaTra. Kiaccu-
yeckas chepa nmpumenenusa [IJIK — sTo mporpaMMHas peanmsalius
aBTOMaTOB. VIMEHHO 9TO 1 O0YCJOBUJIO IIOAXOMA K IIPOrPaMMUPOBAHUIO
ITJIK. KoHTpoJiiep BBIYUCIAET IPOTPAMMHO 3aJaHHYIO (DYHKIIUIO BBI-
XO0J0B U (PYHKIHIO IIepexonoB. B Kaxkaom pabouem mukJje IIJIK BbI-
MOJTHSAET pacyeT HOBBIX 3HAUEHHUU IJIA BBIXOJOB, KOTOPbIe HEOOXOIM-
MO M3MEHHUTH. B mTore KijaccuuecKas mpukJaamgHaa mporpamma ILJIK
OKasbIBaeTcsA 0oJiee ITOXOKel Ha BhIUMCJIEHUE 0 (GopMyJIe.

THUIOBBIM BBOIHBIM IIPUMEPOM AUCKPETHBIX aBTOMATOB C IIaMATHIO
ABJseTcA OJIOK yIIpaBJIeHHUS CTHUPAJbHON MaIluHOii. BasoBble Mexa-
HM3Mbl MAIIIMHBI BKJIOYAIOT: KJalaH MOONAauYW BOABLI, HArpeBaTeJb,
npuBoj 6apabana, IIOMIIY CJIMBA BOABLI 1 TaliMep. KaskmomMy MexaHU3-
MY MOJKHO COIIOCTaBUTH JIOTMUECKYIO IepeMeHHYy. Bce BO3MOIKHBIE
COCTOSTHUS MAIIIUHBI ONPeNeasioTcsA, TaKuM 00pasoM, MHOMKECTBOM
3HAUYEHU! MmepeMeHHbIX. Ilepexoq u3 OJHOTO0 COCTOSAHUS B APYTroe mpo-
HCXOIUT IIOJ BO3AENCTBMEM BXOIHBIX CUT'HAJIOB. 3aMeThTe, UTO Tali-
Mep 3IeCh SIBJISIETCSI CAMOCTOATENbHBIM 0J0KOM. CHUIHAJI OKOHYAHUS
BBIZIEPKKU BPEMEHU SABJISIETCA OOBIYHBIM BXOJOM.

HecKoabKO pacIiupuB MOHATHE aBTOMATa, MBI MOYKEM paccMaTpHU-
BaTh IIepexXoAbl KakK (QyHKIuU coObiTuii. CoOLITHA He 00s3aTeJIbHO
MOJIXKHBI OBITH CBSIBAHBLI C BXOJAMU, 9TO JOCTATOUHO abOCTpPaAKTHOE IIO-
Hatue. Torma okoHUYaHME TaliMay-
Ta MOXKHO OyIeT IIPOCTO IIOHUMATH
Kak coObITHE, IPUYEM COBEPIIEH-
HO He BajKHO, KaK KOHKPETHO pea-
au3oBaH caMm Taiimep. Mogenb Ta-
KOH cHCTeMbI yA00HO H300pas3uTh
B BHUJle HaIlpaBJIeHHOT'O rpada co-
croauuii (state charts). Cocros-
HUA oTobOpaskaloTcs oBajaMmMu, co- Pue.7.1. Tpad cocrosnmii nis
JepKalliiMy 3HAUeHUs Habopa Iie- ABYX IEPEMEHHBIX
peMeHHBIX, a IIepexoabl — Ha-
npaBJeHHBIMU gyramu (puc. 7.1). JluarpaMMbl COCTOSHUNI OUeHBb 3(-
(beKTUBHBINT MHCTPYMEHT IIPOEKTUPOBAHUA U aHaJIM3a aBTOMATOB.
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Texuuueckas 0asa s IIOCTPOEHUS aBTOMATOB BecbMa IITMPOKA.
ITO MexaHWYeCKUe y3Jbl, THeBMAaTUYeCKUe 3JIeMEHTbI, peJie WU JIOTU-
yecKue MUKpPOcXeMbl 1 T. A. Ho B oTsinuue OT JIIOOBIX APYTUX peasinsa-
mui aBromaroB TexuoJsiorusa IIJIK oGecrneunBaeT OLICTPOE M MCKJIIOUM-
TeJbHO TMOKOe pellieHre. BesyciioBHO, IIPU IIOCTPOEHUU aBTOMATOB HA
0ase IIPOrpaMMUPYEMbBIX JOTHUYECKUX MATPUIl ¥ MUKPOIIPOIIECCOPOB
mepenporpaMMHUpPOBaHe TaK:Ke BOBMOYKHO, HO 3HAUUTEIbHO 0oJiee Tpy-
IOEMKO. OTO MOKHO CeJaTh TOJbKO IIPU HAJUYUU COOTBETCTBYIOIIIETO
000pyIOBaHUSA U CIIEIIUAJLHOM ITOATOTOBKH.

Peanbao BoamoskHOocTU IIJIK cyIriecTBeHHO IPEBBIIIIAIOT KOHEUHBIE
aBTOMAaTHI. Jlamexko He Bce, YTO MOKHO cmenaTh Ha IIJIK, BouceiBaer-
cA B paMK¥ KOHEUHBLIX aBTOMATOB. OTO (QYHKIINYU YIPABJIEHUS IO Bpe-
MeHU, MaTeMaThuuecKas o0paboTKa JaHHBLIX, PeryJupoBaHWE W T. I.
Tem He MeHee mpuMeHeHUe (opMaIu3Ma KOHEUHBIX aBTOMATOB ITO3BO-
JISIeT 3HAUUTEJIbHO YIPOCTUTDH IIPOIIECC IPOEKTUPOBAHUS.

IIpuuem sTo oTHOcuTcsa He ToabKo K IIJIK. Iomo6HbBIH momxon Je-
JKUT B OCHOBE YHHBepCaJbHOTO Momeaupyioiiero a3bika Unified Mo-
deling Language (UML) [37]. ITaket pacmiupenus Stateflow maTpuu-
HOM cucTteMbl KoMmmbioTepHoit MmarematTuku MATLAB obGecmeumBaer
MOCTPOeHNE AHMMAIIMOHHBLIX AUAarpaMM COCTOSHHUSA Mojesell pas3jaud-
HBIX ycTpoiicTB u cucteM [34]. OH O3BOJISIET BBIMOJIHATH CUTYAI[MOH-
HOE MOJEeJUPOBAHNE B MOIMOJHEHWE K WMHUTAIIMOHHOMY MOMAEJIUPOBa-
HUIO, BBITIOJHIEMOMY MOIITHBIM ITaKeTOM paciupenHusa cucreMbl MAT-
LAB-Simulink [35].

ToJIbKO XOPOINIO IIPOopaboTaHHBIE TeXHUUYECKHe CIerupuKammun
MPOEKTa MO3BOJIAIOT IIPOrPAMMUCTY BBLIIOJHUTL CBOIO PaboTy KauecT-
BEHHO M B CPOK. HeTOUuHOCTM B TEeXHUYECKOM B3aJaHUW WJIU IIJIOXO
npopaboTaHHASA MOEJb CHUCTEeMbI Hen30eKHO BBIIMBAIOTCS B MHOTO-
KpaTHbIe HepeleJKn U 3aTSKHYI0 oTyanky. OmucaHue 3ajadyu B BUIE
CJIOBECHOT0 aJITOPUTMA M PUCYHKOB Ha OyMare BCerja OCTaBJISAET BO3-
MOKHOCTh yOyCTUTH nmeranu. Camoe oOumgHOE, UTO, KaK IIPaBUJO, Ie-
TaJli BTU BHEIIIHE OYEeHb IIPOCThI, HO IIPUBOAAT K IEePecMOTPY Bcel
CTPYKTYPHI IIOCTPOEHUS YIpPaBIAMINeN IIporpamMmbl. Hampumep, 3a-
OBLIM KHOMIKY aBapUUHON OJOKMPOBKU WM (PUKCAIUIO IPOMEIKYTOU-
HBIX TOJIOMKEHUU AJIA HACTPOMKM MeXaHUKW U T. A. [Jid BBIABJIEHUA
MOMO0HBIX TOHKOCTEII HeOOXOAUM MeHCTBYIONINI IPOTOTUII CHUCTEMbI 1
COOTBETCTBEHHO CPEJICTBA, ITO3BOJISIOIE €Ir0 IOCTPOUTD.

IIpoexTupoBanue u oTpabOTKa MOJEJIN C MPUMEHeHNeM BCIOoMOTa-
TeabHBbIX CASE-mHCTPpYMEHTOB, 0e3yCJIOBHO, PEIIaioT 3Ty IIpobJemy,
HO C POCTOM CJIOKHOCTU IIPOEKTOB CPOKM Peaus3alluy BO3PaCTAIOT
CIUIIIKOM pe3Ko. IlosToMy OmHON M3 BasKHEHWIINMX 3ajJad IIPU CO31a-
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Hun A36IK0B IIJIK 1 KOoMILIEeKCOB mporpaMMUPOBAaHUSA SIBJISETCS BO3-
MOMHOCTh pPeaJin30BBIBATH ITPOTOTHUIIBI 663 IIPUMEHEeHUA OOIIOJITHUTE-
JIBHBIX CPEIACTB. HpI/I‘IeM 3TO OOJIXKEH 6I>ITL ﬂeﬁCTBymmHﬁ IIPOTOTHUII,
a He IIPOCTO KapTHHKA. BHICOKOYPOBHEBas MOJeJb, IIYCTh CO3MAaHHAI
Ja)ke M3 IIYCTBhIX OJIOKOB, MOJIKHA pPaboTaTh TaK, YTOOLI €e MOIKHO
OBLTIO TPOAEMOHCTPHUPOBATHL 3aKAa3UUKY, 00OCYAUTh M oTpaboraTh. Ia-
Jlee IIPOTOTHUI JOJIXKEH HEeIOCPEeICTBEHHO CTaTh CKEJIeTOM TIOTOBOI
mporpaMMbl, 6e3 KaKou-Inbo clenuaabHON mepemeaku. ToJIbKO Tak
IIPOrpaMMMUCT IIOJIYyYUT BO3MOMHOCTB Cpady IIMCaTh IIPAaBUJIBHYIO U
KpPacuBYIO IIpOrpaMMy, a He IIepemuChIBaTh €e BIJIOTH A0 IIpeBpaille-
HUS B «JIOCKYTHOE OHEesJIO».

7.2. CemeiicTBO A3IKOB MIK

7.2.1. Inarpammer SFC

B cewmeiicrBe MOK-sasvikoB SFC (Sequential Function Chart)
|¥: IuarpaMMbl CTOST OCOOHSIKOM, a TOYHEe, BBIIE 110 OTHOIIEHUIO

K ocTaJbHBIM ueTbIpeM asbikaM. [Quarpammer SFC aBasaiorca
BBICOKOYPOBHEBBIM Trpa)uuecKuM HHCTpyMeHTOM. Biaromaps SFC
ujes NpeBpalleHus MOIEeJY CUCTEMbI B 3aKOHUEHHYIO IIPOrPaMMy CTa-
Jla peaJbHOCTHIO. B oTinume OT NTPUMEHEHWS BCIOMOIraTeIbHBIX
cpenctB moaenaupoBanus SFC maeT meiicTBYOIUIT HEIOCPEACTBEHHO B
IIJIK mpoToTui.

Cemu Ilempu

OpurnHaJbHBIA MeTOJ (OPMAJIBHOTO OMMCAHUA NUCKPETHBIX CHUC-
TeM ObLa mpemaoxxeH Kapiaom Amamom Ilerpu B 1962 rogy. Ou onupa-
eTcs Ha pasfiesieHue CUCTEMBI UJIU OTAEJLHBIX €€ JacTeil Ha MHOKECT-
BO MPOCTHIX MO3uIMii. [lo3UIMA ONMMCHIBAET COCTOSHUE YAaCTU CHUCTE-
Mbl. IIprueM cocTOsSHME IOHMMAETCA 34eCh HOCTATOUHO THOKO, 5TO
MOXKeT OBITH COCTOSAHWE O00OPYIOBaHUS, IPOIlECCAa UJIU IIPOTPAMMBI.
ITepexoabl MeXKIY TO3UIUAMY IMIPOUCXOMAT IIPU BHITIOJIHEHUU OIpeie-
JIEHHBIX YycJyoBuii. I'paduueckm mnmosummsa oroOpaskaeTcsa B BUE
OoKpysKkHOCTH (cM. puc. 7.2). IlepexomamMm cOOTBETCTBYIOT OTPE3KHU, COe-
IUHEHHBIE C IIOSUIIUAMU HAIpaBJIeHHbBIMU ayramu. Karkmasa mosummsa
cnocoOHa obJiafaTh MAPKepoM U TepefaBaTh ero IPYTUM HO3UIIUAM II0
ucxomaIumM ayraMm. Mapkepbl oToOpaskaeTcsi B BUE KUPHOIN TOUKH.
HomyckaeTca OZHOBPEMEHHOE IIPUCYTCTBHE HECKOJIBKUX MapKEPOB.
K mepexony mpuxoguT ofHa UJIW HECKOJBKO OYT, UAYIIUX OT Pa3HBIX
no3unuii. OT mepexona TakK:Ke MOTYT OTXOAUTb HECKOJNBKO MCXOMsI-
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Puc. 7.2. Cers IleTpu

IMUX AYT, BEAYIINX K PasHBIM MO3UITUAM. [IpoBepKa yCJI0BUS IIEPEXO0-
Ia (paspellleHre) TPOU3BOAUTCSA, TOJBKO €CJIM XOTd ObI OJHA W3 €ero
MCXOTHBIX TMO3UIIUN BJaJeeT MapKepoM.

CylecTBeHHBIM MOMeHTOM ceTu IleTpu sABJIseTCS TO, UTO HECKOJIb-
KO MO3UIIMHA MOTYT OJHOBPEMEHHO MMeTh MapKephbl. To ecTh ceThb OIu-
CBHIBAeT IIPOIlecChl, paboTaroIue mapajieJSbHo U B3auMocBa3aHHo. Co-
CTOSHMNE CETU OIPEAeJsIeTCA COBOKYIHOCTBIO ITIO3UIIUI, BJIANEIOIIIX
MapKepaMu.

OnucanHas CeThb IO3UIIUHN U MePeX0m0B ABJAETCA MPOCTEUIIINM Ba-
puantom ceteit Ilerpu. IMeHHO OHa M TOCHYMKUJIA TPOTOTUIIOM IJIA
paspaborku SFC.

3acayra mepBoii IPaKTUUYECKON peanns3aliuu sI3bIKa STAIIOB U Iepe-
xonmoB gua IIJIK mpumagnesxur dpaninysckum Gpupmam. CoBMmecTHasA
pabora usrorosureseii IIJIK u o0benuHeHNsA mOJIb30BaTeIeli IIPUBeEJIA
K IIOSBJIEHWIO HAIIMOHAJIBHOTO cTaHzapra «I'padcer» m MeRIyHAPOX-
"Horo cranzapra MOK 848 (1988 r.). MOK 61131-3 sammcTBOBAT
«I'padceT» ¢ HEKOTOPHIMU TOPAOOTKAMU.

B macrosamiee Bpema oToxkaecTBaATh SFC ¢ ceramu Iletpu yixe He-
ab3s. IlyTu ux pasBUTHUSA OKA3AJUCh PA3HLIMU, MIPUUYEM He TOJbKO B
OTIeJILHBIX NeTalidX, HO U miaeosioruuecku. Tak, B cerax Ilerpu map-
Kep HaJeJUJIU CBOWCTBAMU OO0BEKTa, a MepexoJbl MOJYUUJIU CIIOCOD-
HOCTh BOCIIPDUHUMATh CBOMCTBA MapKepa. JTO TaK HasbIBaeMble «I[BET-
Hble» ceTu IleTpu, MapKephbl B KOTOPHIX MMEIOT pas3Hble THUIBI U pas-
Hble 1BeTa. B coBpemennom SFC mapkep sBiasgeTcsa He 6oJiee UueM KBU-
TaHIMell — HaApPAIOM Ha ompenejeHHy0 pabory. Ilosumum ke SFC
npuobpenau GOJIBIIYI0 CHUJIY WM UMEIOT BOZMOYKHOCTH BBIMOJHSATEL OIIpPe-
JeJleHHbIle HAOOpPBHI meiicTBuil. UTOOBI MOHATH PA3HUILY, IPEINCTABLTE
cebe KOJIJIEKTUB JIIOJIell, mepealInux IPYT APYTY IMaKeThl (MapKepshl).
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B mepBoMm cayuae meiicTBUSA JIIOJEN 3aBUCAT OT COAEPsKMMOrO IIaKeTa,
OHU IIPUHUMAIOT Pellienrne — KOMY IlepefaTh, OCTaBUTh y ce0sa U T. .
Bo BTOpOM cioryuae melicTBUSA JIOJEH ONPeAeSAr0TCsa UX IIpodeccroHa-
JIbHBIMU O0A3aHHOCTAMU M He JOJKHBI 3aBHCETH OT COAEPKMMOr0 IIa-
kera. Tak, Hampumep, AelCTBUS MaJjsApa MOJKHBI ObBITH OJMHAKOBBI-
MU (IPUTOTOBUTH MMOBEPXHOCTH, PA3BECTH KPACKY, ITIOKPACUTh) AJA 3a-
bopa um mya cauTka 3oxora. To ectb SFC pasBuBaeTcss Kak MHCTDY-
MEHT OIIMCAHUA IPOM3BOACTBEHHBIX ollepaiuii, a cetu Ilerpu paciu-
PAIOT CIIOCOOHOCTH MOAENHNPOBAHUS AUCKPETHLIX CHCTEM.

SFC-0uazpammo,

B oranuwme ot cereit Ilerpu ayru B SFC mMeroT BBIpaKeHHYIO Ha-
IPAaBJIEHHOCTb CBEPXY BHU3 U OTPAKAIOTCS MPSAMBIMU JuHUAMU. [Io-
sunuu B SFC HasbiBaloT wazamu uan smanamu. Ha guarpamMve oHUI
OTpa’kaloTcs B BUAE IPAMOYTOJbHUKOB. Biaromapsa TakoMy «KyOus-
My» CYIIECTBYeT BO3MOXKHOCTh peajMs3aluy JuarpaMM B CHMBOJIAX
ncepporpaduru (puc. 7.3). 3amaTh HECKOJbKO CTapPTOBBIX IIIArOB B
SFC Henb3s, TOIBLKO OAUH ITar AUarpaMMbI SIBJIAETCS HaUaJIbHBIM.

: bx1

el

1 -!—————J—————|-
: Step 3 i
b

Puc. 7.3. SFC-gmarpamma, BHINOJHEHHAsI CHMBOJIAMHU ICEeBIOTPa(PUKU
(ycioBue mepexoma — A3bIK IL)

I'padpuueckasa mmarpamma SFC cocTouT m3 IIaroB M NepPexoOB
MeKIy HUMH. PaspeliieHne mepexona ompenesaserca ycaoBueMm. C 1ma-
TOM CBSA3aHBI OIIpeleseHHbIe aelicTBuA. Onmcanmsa AeiiCTBUI BBIMOJI-
Haorcda Ha Jjiobom aspike MIK. Cam SFC He comep:XuT KaKuX-Imdo
yupasasioniux Komauz IIJIK. IeificTBuss MOryT OBITh OIMCAHBI U B
Buge BiokeHHOU SFC-cxembl. MOKHO €O3maTh HECKOJIBKO YPOBHEH
MOJOOHBIX BJIOYKEHUI, HO B KOHEUHOM CUeTe AeliCTBUA HUIKHEro ypPOB-
HSA BCe paBHO HeobxomuMmo Oyaer ommucarts Ha IL, ST, LD uau FBD.

3amMeTuM cpasy, uTo make ymupolrnenHas peanusamnus SFC Tpedyer
HEesBHO HEKOTOPOM IaMATH A KOAWPOBAHUS MAapPKEPOB MO3UIIUIA.
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TpeboBanme mapajieIbHOCTH MPUBOAUT K HEBO3MOYKHOCTU KOMIIAKT-
HO 3aKOJUPOBATH BCe COCTOAHMA. To eCTh HEBO3MOYKHO MCIIOJIH30BATH
OOHY TEePEMEHHYI0, KOTOpas CONEeP:KUT eIMHCTBEHHBINI HOMED aKTHUB-
HOll mosuruu. Kaskmas mosuiums TpedyeT COOCTBEHHBIX NIPU3HAKOB
aKTUBHOCTU. MexXaHM3M KOLUPOBAHUA MOXKET OBITH [JOCTATOYHO
U30IIPEHHBIM, HO, K CUACThIO, €70 PeaTusarus JOMKUTCA UCKJIIOUNTE-
JBHO HaA ILIeYrd pas3pabOTUMKOB CHUCTEeMbI MOporpaMMupoBanusi. Ha
OPUKJIATHOM YPOBHE 3aAyMBIBATHCA O NETANAX peaIus3anuu He IPU-
xoxutcs. ENMHCTBEHHOE, UTO HY:KHO YUECTh, 9TO HEOOJIBIION OIIOJI-
HUTEJbHBIN PacXo[ HaMATH JAHHBIX U KOZA.

W3-3a HEOOXOQUMOCTH BHYTPEHHEN IMaMATU TOJbKO (PYHKIIMOHAJIE-
Hble OJIOKM ¥ IPOTPaMMBI MOTYT OBITH peanusoBaHbl B SFC, pyHKIIUN
TaKOl BO3MOYKHOCTHU JIUIIIEHBI.

ITenpio mpumenenus SFC aBasercsa pasmeseHue 3afadyyd Ha IIPO-
CcThIe ATalbl ¢ (DOPMAJIbHO OIpPEeJIEHHONW JIOTMKOW PabOThI CHCTEMBI.
SFC maerT BOBMOXKHOCTH OBICTPOTO ITOCTPOEHUSA IPOTOTHUIA CUCTEMBI
0e3 mporpaMmMupoBanud. [Ipuuem g oTpabOTKU BEPXHEr0 YPOBHA He
TpebyeTcs JeTajabHOEe OMMCAaHUE NefCTBUil, TaK JKe KaK U IPUBSI3KaA K
KOHKPETHBLIM alllapaTHBIM CPEeICTBAM.

7.2.2. Cuucok u"crpykuuit IL

- Aspik IL (Instruction list) mocsioBHO — cHOMCOK MHCTPYKIIWIA.
E IATO TUNUYHBINA acceMbJjep ¢ aKKyMYJATOPOM U IIepexoJaMu II0
MeTKaM. Habop MHCTPYKIIMI CTaHIAPTHU30BAH U HE 3aBUCUT OT
KOHKPEeTHOH 1esieBoit maTdopmbl. ITockonbky IL cambiii mpocToil B
peanuzanuu SA3BLIK, OH IOJYUYMJ OUYEHBb IIIMPOKOE PACIPOCTPAHEHUE MO
npunaTtud craugapra MOK. Tounee, me cam IL, a oueHb MOX0KKe HA
Hero peanusdanuu. Ilpaktumuecku Bce npousBomutenau IIJIK Esporrsr
co3maBaii IONOOHBIE CHCTEMBI IIPOTPaMMUPOBAHUA, IIOXOXKKE Ha CO-
BpeMeHHBIN aA3bIK IL. CylmecTByIOT mpuMephl peaimsanuy KOMaHZ U
Ha OCHOBE PYCCKOS3BIYHBIX ab0peBuatyp [8]. Haubosablliee BiIusHUTE
Ha (opmupoBaHnue coBpeMeHHOTO IL OKaszays A3SBLIK IporpaMMUPOBAa-
Hua STEP xkoHTposnepoB dupmbl Siemens. 3wk IL mosBossger pabo-
TaTh C JIOOBLIMU TUIIAMHU JAHHBIX, BHI3BIBATH QYHKIUU U (QYHKIIMOHA-
JbHBIE OJIOKM, peajn30BaHHbIe Ha JI0O0OM A3bIiKe. TakuM oOpasoM, Ha
IL Mo:xHO peaims30BaTh AJTOPUTM JIOO0H CIOMKHOCTH, XOTS TEKCT Oy-
JIeT TOCTATOYHO I'PDOMO3IKUM.

B cocraBe MOK-sa3bik0oB IL nmpuMeHsieTca IPU CO3JaHUN KOMIIAKT-
HBIX KOMIIOHEHTOB, TPeOYIOIIMX TIMATEeIbHONW HpopaboTKu, HAa KOTO-
pyio He :xajako BpeMeHu. IIpu pabore ¢ IL ropasmo agexkBaTHee, UeM C
IPYTUMU S3BIKAMU, MOXKHO IIPEeJCTaBUTh, KaK OyIeT BBITJIAILETH OT-
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TpaHCJIMPOBAHHBIA Koj. Biaromaps uemy, IL BbIMrpBIBAeT Tam, rie
HY)KHO JOCTUYh HaAWBBICIIEN addeKTuBHOCTU. K KOMIMIATOPAM 3TO
OTHOCHUTCS B MOJHON Mepe. B cucTemMax MCIOJHEHUS C MHTEPIIPEeTaTo-
POM IIPOMEKYTOUYHOT'O KOJA BHIMTDHIII HE CTOJIb 3SHAUUTEJEH.

7.2.3. CrpyxkrypupoBauublii Teket ST

Aseik ST (Structured Text) — 3TO ABBIK BBICOKOTO YPOBHSI.
Cunraxkcuuecku ST mpencraBisger cob0ii HECKOJBKO amalTUPO-
BaHHBIN a3bIK Ilackanb. Bmecto nponenyp Ilackansa B ST wuctmo-
JBb3YIOTCS KOMIIOHEHTHI TporpaMm crauzapta MOK.

s crmenmuaancToB, 3HAKOMBIX ¢ A3bIKOM C, ocBoenme ST Tak:ke
He BBLI30BET HUKAKUX CJIOKHOCTeli. B KauecTBe MJIIIOCTPAI[UU CPaB-
HUM 5KBUBaJIEHTHBIE TporpaMMbl Ha A3bikax ST u C:

ST: C:
WHILE Counter<>0 DO while (Counter— ! = 0)
Counter := Counter-1; {
Varl := Varl*2; Varl *= 2;
IF Varl > 100 THEN if(Varl > 100)
Varl := 1; {
Var2 := Var2 + 1; Varl = 1;
END_IF ++Var2;
END_WHILE )
}/*while*/

B GoabminacTBe KOoMILIeKcoB mporpammvupoBaHusa IIJIK aswik ST
0 YMOJUAHUIO IIpeJiaraeTcsA AJA ONUCAaHUA NeHCTBUIN M YyCJIOBUH Te-
pexomoB SFC. 9To meficTBUTEIbHO MAKCUMAJBHO MOIIHBIN TaHIEM,
TO3BOJAIINT 9(P(PeKTHBHO pellaTh JI0ble 3a1aun.

7.2.4. Peneiinsie quarpaMmmsl LD

Ho-koHmaxmuoulx cxem (PKC) — rpadpuueckuii A3bIK, peaamnsy-
OIMUHA CTPYKTYPHI anekTpuuyeckux 1emeii. PKC — asro amepu-
KaHCcKoe m3obperenue. B Hauase 70-x rr. XX B. pejeifHble aBTOMATHI
CcOOPOYHBIX KOHBEIEePOB HAaUaJi HOCTEIEeHHO BBITECHSTCS IIPOTrPaM-
MHPYeMBIMU KOHTpoJLIepamMu. HeKoTopoe BpeMs Te U Apyrue pabdo-
Taju OJHOBPEMEHHO W OOCIYKUBAJIUCH ONJHUMHU U TEMU Ke JIOAbMU.

m Asvik peaeiinvix duazpamm LD (Ladder Diagram) wiau peaeil-
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Tak mosBmMJach 3aZadya IIPO3PAUYHOr0 IIepeHOoca DPeJeNHBIX CXEM B
IIJIK. Pasnuunble BapuaHTHI OPOTrPaMMHONM pean3alluy pPesiefiHBIX
cXeM CO3JaBajiiCh MPAKTHUUECKU BCEMU BeAYIUMU ITPOU3BOJUTEJIS-
mu IIJIK. Baaromaps mpoctore mpencraBienusa PKC oGpen saciay-
JKEeHHYIO IMONYJIAPHOCTH, UTO M CTAJO0 OCHOBHOM MPUUYUHON BKJIOUE-
HuA ero B craugapT MOK.

CiioBa «pesieifiHas JOTUKa» 3ByYaT CErofHs JOCTATOYHO apXawduHO,
IOUTH KaK «JIAMIIOBBIII KOMIIbIOTEDP». TeM 0ojiee B CBSA3HM C CO3MAHUEM
MHOTOUYMCJIEHHBIX OBICTPOAEHCTBYIONNX W HAMEIKHBIX 0€CKOHTAKTHBIX
(B 4aCTHOCTH, OIITORJIEKTPOHHBIX) PeJie M MOIIHBIX IIePeKJJI0UAOITNX
npubOPOB, TAKUX KAaK MOIIHBIE II0JE€BbIe TPAH3UCTOPHI, YIIPABIsSIEMbIe
Tupuctopbl u npubopsr IGBT [36]. Ho, HecmoTpsa Ha aTO, pesieliHAA
TEeXHUKA BCE eIlle OUeHb IITUPOKO MPUMEHIETCS.

I'papuuecku LD-mumarpamma nmpezncTaBjieHa B BUze IBYX BepTUKA-
JbHBIX IIWH TUTAHUA. MeXIy HUMH PacIoJIOKeHbI e, 00pa3oBaH-
HbIe COeIWHEHMeM KOHTaKToB (cM. puc. 7.5). Harpyskoil Kammoit
menu cay:xkut pese. Kaskmoe pesie mMeeT KOHTAKThI, KOTOPbIEe MOXKHO
WUCII0JIb30BaTh B APYIUX IEMSX.

Jloruuecku mocaenoBateabuoe (1), mapannensaoe (UJIN) coequne-
H1e KoHTakToB U mHBepcua (HE) obpasyior 6asuc Byns. B pesyabra-
Te LD maeasbHO MOAXOAUT HE TOJIBKO JJIsA MOCTPOEHUSA PeJeHBIX aB-
TOMATOB, HO U [JIA IPOrPAMMHOI peasns3aluy KOMOMHAIIMOHHBIX JIO-
THYecKHuX cxeM. Biaromapsa Bo3MOKHOCTU BKJOUeHUs B LD QyHKIUMi
U GYHKIIMOHAJIBbHBIX OJIOKOB, BBITIOJHEHHBIX Ha APYTUX SI3bIKaX, ce-
pa mpuMeHeHUA S3bIKa MPaKTUUYEeCKU He OrpaHnueHa.

7.2.5. dynknuonaabubie guarpaMmmbel FBD

FBD (Function Block Diagram) — sTo rpaduuecKuil s3bIK IPO-
|ﬁ rpammupoBaHus. Juarpamma FBD oueHs HamoMuHaeT TPUHITHU-

MUAJBHYI0 CXeMy 3JIEKTPOHHOIO YCTPOMCTBA HA MHKpPOCXeMax
(cm. puc. 7.16). B orauuum or LD «mpoBoguuku» B FBD moryT mpo-
BOAUTL CUTHAJBI (IleperaBaTh IepeMeHHbIe) Jifoboro Tuma (Joruye-
CKUil, aHAJOTOBLI, BpeMdA U T. 1.). VIHOTIa TOBOPAT, UTO B PEJIEHHBIX
cxXeMax COeNUHUTEe/JbHbIe IIPOBOAHUKU IIepeJarT sHepruoo. IIposoj-
Huku FBD ToKe mepemaroT sHepruio, HO B 0ojiee IIMPOKOM CMBLICJTE.
31ech CJIIOBO «dHEPrusi» IPUMEHMMO B TOM CMBICJIE, B KOTOPOM WM
OIEPUPYIOT HE DIIEKTPUKHU, a dKCTpaceHchl. OUueBUIHO, UTO IIMUHBI IU-
TaHWS W KOHTAKTHI 37eCch y:Ke He spdexTuBHbl. IIIUHBI mIuUTAaHUA HA
FBD puarpamMe He IIOKas3bIBAIOTCsS. BBEIXOABI 0JIOKOB MOTYT OBITH IIO-
JaHbI Ha BXOABLI APYrUX OJOKOB JIMOO HEIOCPEICTBEHHO Ha BBIXO/bI
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IIJIK. Camu 6J10KH, IpejcTaBJeHHBIE HA CXeMe KaK «UYepHble SAIu-
KH», MOT'YT BBIIIOJHATH JIOObIe (DYHKIIMHI.

FBD-cxeMbl 0UeHb UEeTKO OTPaKaioT B3aMMOCBSA3bL BXOIOB U BBIXO-
IoB puarpaMMbl. Eciam anroputMm m3HaAUYaJIbHO XOPOIIIO ONMCHIBAETCA C
TO3UIUU CUTHAJIOB, TO ero FBD-mpencraBiieHue Bcerjga II0JydYaeTcCs
HarJAHee, YeM B TE€KCTOBBIX A3BIKaX.

7.3. d3bik auHeltHbIX MHCTPYKIM (IL)

7.3.1. ®opMaT MHCTPYKIIMHN

Texctr ma IL — 9TO TEeKCTOBBIA CHOHCOK IIOCJEIOBATEJbHBIX KHCT-
pyknuii. Kammasa MHCTPYKIIUS 3alUCLIBAETCS HA OTJEJILHON CTPOKeE.
NHCTPpYKIIUA MOKET BKJIOUATh 4 I0JsA, pasmeeHHbIe TpobeiaMu Uan
3HaKaMU TaOyJIAINN:

Mertka: OmnepaTop Onepang KommenTapuii

MeTKa MHCTPYKIIMU He SBJIAETCS 00s3aTeIbHON, OHA CTABUTCS TO-
JbKO TaMm, rae Hy:xkHO. OmepaTop HOpHCYTCTByeT obssareabHo. Orme-
paug HeoOXoAMM IIOUTH Bcerga. KommeHTapuii — Heobs3aTelbHOE
moJie, 3aIUCHhIBAETCS B KOHIlE CTPOKU. CTaBUTh KOMMEHTApPUU MEKIY
TOJIAMU UHCTPYKI UM Helb3sa. I[Ipumep IL-nmporpamMmsbr:

METKA1l: LD Sync (*mpumep IL*)
AND Start
S Q

(* st KPacoThl METKY MOYKHO ITOCTaBUTH B OTICIBHYIO CTPOKY ™)

METKAZ2:

LD 2 (Fy=2+2%)
ADD 2
ST y

s sydniero BocpusaTusi cTpoku 1L BRIpaBHUBAIOT OOBIYHO B KO-
JIOHKH TIO IIOJISIM.

Pemaktop CoDeSys BhIpaBHHBAeT TEKCT aBToOMaTuuecKu. IlomMumo
9TOT0, PENAKTOP «HAJIETY» BBINMOJHAET CUHTAKCUUYECKUI KOHTPOJb U
BbIJeJIeHNe IIBeTOM. TaK, KOPPEKTHO BBeJEeHHbIE OIIePATOPhI BBIAEJIS-
IoTcss ToayObIM IIBeTOM. K coskajleHUIo, uepHo-Oesasd IevaTb KHUTHU
JINIIaeT YuTaresd yAOBOJBCTBUA H3_6JIIOI[3_TI) IIBETHBIE€ BBIJEJIEHNUA BO
BCeX JINCTUHTraX MPOTPaMM 9TOI KHUTH.
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7.3.2. AKKyMyaaTop

AGcontoTHOE OOJBINTMHCTBO WHCTPYKIUU IL BBIOJTHAIT HEKOTO-
PYIO OIepaIuio C COAEePKUMBIM aKKyMyJIATopa (CM. ero oipejesieHune
uyyTh HuKe). OmepanHys, KOHEUHO, TOXKe MPUHUMAET ydacTue B WHCT-
PYKIIMU, HO Pe3yJbTAT ONATH IIOMeIllaeTcsi B aKKyMmyJadaTop. Hampu-
mep, uHeTpyKIusas SUB 10 oraumaet uucsao 10 oT sHaUueHUA aKKyMY-
JIATOpa U IOMeIlaeT Pe3yJabTaT B aKKyMyJasaTop. KomMaHakl cpaBHEHUA
CPaBHUBAIOT 3HAUEHME OllePaHIa U aKKyMyJsaTopa, pesyabTaT CpaBHEe-
Hua MCTHUHA wunun JIOJKD BHOBL moMmelaeTcsa B aKKyMYJISTOP.
Komauger mepexona Ha MeTKY CHOCOOHBI aHAJIM3UPOBATH aKKyMYJId-
TOP U MPUHUMATh PellleHre — BBIMOJHATE [IePeXo[ MU HeT.

Axrxymyaamop IL aBnserca yHUBepCaJbHBIM KOHTEHHEpPOM, CIIO-
COOHBIM COXPAHATH 3HAUYEHUS IIepeMeHHBIX JII000ro TuIa.

B akKyMysaATOp MOKHO momecTuTh 3Hauenue tuna BOOL, zaTem
INT unuz REAL, TpancasaTop He OyIeT cuuTaTh 9TO ommubKoii. Takas
ruOKOCTb HE 03HAUAET, UTO aKKYMYJIATOP CIIOCOOEH OJHOBPEMEHHO CO-
Iep:KaTh HECKOJbKO 3HAUEHUH Pa3HbIX TUIOB. TOJBKO OMHO, IPUUEM
TUI 3HAUEHUA TaK)Ke PUKcUpyeTca B akKymyJsAaTope. Ecau onepamusa
TpebdyeT 3HAUEHUE APYTOr0o THUIla, TPAHCJIATODP BHILACT OIIUOKY.

B crargapre MOK BMecTo TepMUHA «aKKYMYJISTOP» MCIIOJb3yeTCs
TepMuH «pesyabrar» (result). Taxk, MHCTPYKIUS GepeT «TEKYIIUA pe-
3yabTaT» U (POPMUPYET «HOBBIHM pes3yabTaT». TeM He MeHee IOUTU BCe
PYKOBOZCTBA II0 MPOTPAMMUPOBAHUIO PABIUYHBIX (DUPM IIHUPOKO HC-
HOJIL3YIOT TEPMUH «aKKYMYJSITOD».

7.3.3. Ilepexox HA METKY

IIporpamma Ha IL BBITIONIHAETCA MOAPAL, CBepXy BHU3. [Jja mame-
HEHUA TOPAJKA BBLINOJHEHUA U OPTaHM3AIUU I[UKJOB IIPUMEHSETCS
nepexod na memry. Ilepexon Ha MeTKY MOKeT OBITH 0€3yCJIOBHBIM
JMP — BBINOJIHAETCA BCErza, HEe3aBUCHUMO OT UYero-jir0o. Y CJIOBHBIN
nepexon JMPC BBITIOJTHAETCA TOJBKO IIPW 3HAYEHUUM aKKYyMYyJIATOpa
NCTUHA. Tlepexoa MOKHO BBIMOJHATH KaK BBEPX, TaK U BHU3. Mer-
KU ABJSIOTCA JOKAJbHBIMHU, APYTUMHU CJIOBAMH, MePEeXo] Ha METKY B
apyrom POU me momyckaercs.

ITepexonbl HY»XKHO OPTaHM30BbIBATL JOCTATOYHO AKKYPATHO, UTOOBI
He TOJYUYUTHL 0€CKOHEUHBIN ITUKJI:
LD 1
ST Counter
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loop1:
(*reso mukJIa¥)
LD Counter
ADD 1
ST Counter
LE 5
JMP loopl

B mpumepe moxasaHa peanamsamnus IIUKJIA HA D5 MOBTOPEHUI C Of-
HOUM OueBMUJHOU OIMuOKOM. BMmecTo O6esyciaoBHOro nepexoga JMP moui-
'KeH O0bITh JMPC.

B cucremax ¢ mHTepuperaTopoMm IL miam mpoMe:KyTOUHBIM KOIH-
poBaHHEM BpPeMsA BLINOJHEHHUS IIepexola OKa3bIBAeTCA 3aBUCHUMBIM
oT HampaBieHusaA u paccrosguusa. B CoDeSys KomaHma 6e3yCJI0BHOTO
mepexojila TPaHCJAUPYETCA B OJAHY MAaIIMHHYIO KOMaHIy IIpolieccopa u
BBIIIOJIHAETCA OUeHb ObIcTpo. OrpaHMYEHUUN HAa UYNCJIO0 IEePeXO0J0B B
CoDeSys mer.

Ho s10 He o3mauaeT 1esiecoo0pasHOCTh CO3MAHUSA OOJBIITUX MOHO-
auTHBIX IL-mporpaMM ¢ MHOXKECTBOM IIepexoao0B. Takue mporpaMMbI
OUeHb CJOKHO UHNTATh U He JIETKO COIIPOBOKIATH.

7.3.4. CkoOKu

ITociemoBaTenIbHBIN HMOPSAAOK BBINTOJMHEHUS KoMaHA IL MoKHO u3-
MEHSTh IIPU IMOMOIUu cko0ok. OTKphIBaMOIIad CKOOKA CTaBUTCS B HH-
CTPYKIINH TIOCJIe oleparini. 3aKkpbiBaiomias CKOOKA CTaBUTCA B OTIe-
JIbHOU cTpoKe. MHCTPYKIINM, 3aKJIIOUEHHbIE B CKOOKI, BBIIOJIHAIOTCS
B IIEPBYIO Oouepelb. Pe3yabTaT BBIUNCJICHUS MHCTPYKIWI B CKOOKax
TIOMEIIaeTCsA B JOMOJHUTENbHBIH aKKYMYJISATOD, MOCJEe YeTO BBITIOJIHSI-
eTcs KOMaHa, coJepsKalas OTKPBIBAIOIYI0 CKOOKY. Hampumep:

LD 5

MUL @

SUB 1

)

ST y (y = 5% (2—1)=5%)
LD 5

MUL 2

SUB 1

ST y (fy=35%2—1=9%)
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CKOOKU MOTYT OBITh 8/10MCeHHbLMU. Karkmoe BIOXKeHHe TpedyeT op-
raHu3anuy HEKOero BPeMeHHOI'0 aKKyMYJIATOPa. OTO BLIZBLIBAET HEO/I-
HO3HAYHOCTh HPHU BBIXOAe M3 0J0Ka cKoOOK komammamu JMP, RET,
CAL u LD. ITpuMeHATh 3T KOMaHABI B CKOOKAaX HEJIb3d.

7.3.5. MogucguraTopsl

HobGaBiieHrIe K MHEMOHUKE HEKOTOPBIX OIEPaTOPOB CHUMBOJIOB —
modugurxamopos ‘C’ u ‘N’ MmogmupuIUpPyeT CMBICJI MHCTPYKITUU.

CumBoa ‘N’ (negation) BbIBHIBAaeT MWHBEPCHUIO 3HAUEHUS OIlEepaHa
0 BBIMOJIHEHUA HHCTPpyKImu. Omepansa moykeH ObiTh TuimoB BOOL,
BYTE, WORD usiz DWORD.

CumBoa ‘C’ (condition) mo6aBiisgeT MPOBEPKY YCIOBUHM K KOMaHAaM
mepexona, Bei3oBa u Bo3BpaTta. Komauaer JMPC, CALC, RETC 6yayT
BBIIIOJIHATBCA TOJBKO Ipu 3HaueHuUM akkymyJssaropa VMCTHUHA. [o-
6aByienue cumBoJia ‘N’ MPUBOAUT K CPABHEHUIO YCJIOBUS C MHBEPCHBIM
sHaueHueMm akkymyisAaropa. Komauasr JMPCN, CALCN, RETCN 6y-
IYT BBIIOJHATHCSA TOJBKO Ipu 3HaueHHU akkymyaaropa JIOJKDb. Mo-
nudurarop ‘N’ 6e3 ‘C’ He UMeeT cMbICJa B JAHHBIX ONEpaIUAX U He
IPUMEHAETC.

7.3.6. OnepaTops!

Crangaprabie omepatopbl IL ¢ momycTumMbIMu MoAmGUKATOPAMU
peaCcTaBJIeHbI B TAOIUIlE.

Onepatop Mopudurarop Onucanue

LD N 3arpysuTh 3HaUeHUe OllepaHa B aKKy-
MYJIATOD

ST N IIpucBouTh 3HAUEHUE AKKYMYJISITODA
omepauy

S Ecinu akxymyasrop MUCTUHA, ycrazo-
BUTH Jorudeckuii omepaun (MICTMTHA)

R Ecinu akkymyasarop MUCTUHA, c6po-
cuth gorudyeckuit onepauy (JIOMKD)

AND N, ( ITopaspaguoe N

OR N, ( ITopaspanuoe NJIN
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Onepartop Mopudurartop Onucanue

XOR N, ( ITopaspanuoe NJIN

NOT ITopaspanuas mHBepCUA aKKYyMYJIATOPA

ADD ( CrnoxxeHne

SUB ( Brruuranue

MUL ( VYmMuoxKeHue

DIV ( Henenue

MOD ( HesieHre 10 MOIYJIIO

GT ( >

GE ( >=

QE ( =

NE ( <>

LE ( <=

LT ( <

JMP CN ITepexonm K mMeTKe

CAL CN BrI130B hyHKIIMOHAJIBHOTO GJIOKA

RET CN Beixog us POU u Bo3BpaT B BBI3BIBAIO-
IIyI0 IPOrPaMMy.

Omepatopel S m R mnpuMeHAOTCS TOJIBKO C ONepaHIaMHU THUIA
BOOL. IIpouue omepaTopbl paboTamT C JIOOLIMU IIepEMEHHBIMU 0a30-

BBIX THUIIOB.

IIpuBeneHHBIN CIMCOK COAEPYKUT OMEPATOPhI, IIOAAePKUBAaeMble B
ob6s3aTenbHOM mopAnake. TparcaaTopsl Koga CoDeSys niasa pasanmuyHbBIX
anmapaTHBIX IIaTGOPM peasm3yoT Pas3JIUuYHbIe IIOJMHOMKECTBAa [O-
TMOJTHUTEJbHBIX OIIePaTOPOB.

7.3.7. BbI30B (DyHKIIMOHAJBHBIX OJOKOB M IIPOTrpPaMM

BrisBarh 9K3eMmasap GYHKIIMOHAJBLHOTO OJOKA WUJIU MPOrPAMMY
B IL MOXHO ¢ ONHOBPEMEHHBLIM NpHCBaWBaHUEM IepeMeHHbIX. Ha-

npuMep:



122 Tmasa 7. dzpikn MOK

CAL CTD_1(CD := TRUE, LOAD := FALSE, PV := 10)
LD CTD_1.CV
ST y

AHaJIOTUYHBIN BBI3OB MOKHO BBIIOJHUTH C IIpeagBapuTeJIbHBIM
IIPHCBaBaHNEM SHAUYEHU BXOIOHBIX II€ePEeMEeHHBIX:

LD TRUE

ST CTD_1.CD
LD FALSE

ST CTD_1.LOAD
LD 10

ST CTD 1.PV
CAL CTD_1

LD CTD_1.CV
ST y

7.3.8. Bo13oB hyHKIINHT

IIpu evi306e pyHKyUU C TIepeuncyieHneM apaMeTpoB B IL cyiect-
ByeT OJHa HeMaJIOBa)XHas OCOOEHHOCTHL. B KauecTBe MmepPBOTO IIapa-
MeTpa MCIO0JIbL3YeTCA aKKyMYJIATOP:

LD TRUE
SEL 3,4
Ha ST sto paBHOcuabuO BeI3oBY SEL (TRUE,3,4). OueBunmo, mpu

BBI3OBe (DYHKIIMU WJIU OIE€paTopa C OJHUM ITapaMeTPOM CIUCOK Ilapa-
METpPOB BOOOIIe He HY KeH:

LD ivarl
INT_TO_BOOL
ST bvarl

7.3.9. KomMeHTHpPOBaHNE TEKCTA

Aspix IL aBaserca sa3bplkoM HU3KOTo ypoBHA. IlosTomy TekcTsl IL
BCET/la OCTAaTOYHO BEJUKY 10 00beMy. OOBIYHO IPY HAIIMCAHUU IIPO-
rpaMMbl QJITOPUTM Ka’KeTCs HACTOJIbKO MOHSITHBIM, UTO HE HYIKJAeT-
ca B kommenmapusax. OQHAKO TEKCT YyKON IpOorpaMMbI 6€3 KOMMEeH-
TapueB IOHATH OUeHb TsaAKeJI0. Hepenko GbIBaeT, YTO U CaMOMY aBTO-
Py IpOrpaMMBbI uepe3 TOJ-APYroi mocje ee HANMCAHUS TPYJHO B Heil
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pasobparbcsa. Bo3MOKHOCTE KOMMEHTHPOBATH KAaMKAYIO CTPOKY He
03HAYaeT, UTO TaK U HYKHO IOCTyInaTh. [IpaBUIbHO COCTaBIEHHOE II0-
SICHEHVEe JOJI’KHO IIOSICHATH CYTh IIPOOJIEMBI U WJEI0 pellleHusd, a He
ommceiBaTh camu KomaHabl. Hampumep: (*UraopupoBaTh KoieOaHHS
0 5 equHUIT*) — 1II0XO¥ KoMMeHTapuii. (*Komebanus 3amepoB 1o 5 enu-
HHUII SIBJISIOTCS NIyMOM*) —  3HAYUTEJBHO JIYUIIIE.

Tpancasarop IL CoDeSys gomyckaeT MHOTOCTPOUHBIE KOMMEHTA-
puu. IlenocTHOEe MOsACHEHUE BCErga BOCIIPUHUMAETCA JIYUIlle, YeM KO-
POTKMe OOPBIBOUHBIE KOMMEHTAPUM B CTPOKAX MHCTPYKITUMA.

KommenTapuun MOK wumeoT OAUH CYIIECTBEHHBIA HEIOCTATOK.
Eciu npu oTiagKe mMOHAAZOOUTCS BPEMEHHO OTKJIIOUUTH YaCTh HMCXO[I-
HOT'O TEKCTa, TO IPOIIe BCEro ero IeJUKOM 3aKOMMEHTUPOBaTh. 3IeCh
00BIYHO M BO3HHUKAET IIPo0JieMa BJIOMKEHHBIX KOMMEHTapueB. Bio:keH-
Hble KOMMEHTapuu He CTOJIb CTpalllHbl aasa TpaHciasTopa CoDeSys,
CKOJIBKO IOCTABJSAIOT HeymoOcTBa IIpu mpaBKe TekcTra. CTpPOKOBbIE
KOMMeHTapuu (BBOAMMBIE C IOMOIIbIO ; B accembiuiepe u // B C++), K
coxxaseHuio, craggaprom MOK He mpeaycMoTpeHBI.

7.3.10. IL B pe:xuMe MCIIOJHEHUS

B peiwcume ucnonnenus CoDeSys aBTromMaTmuecKu mIpeBpalaeT
OKHO pellaKTopa B OKHO MOHUTODPHWHra. 3HAUEHUA BCeX IEePEeMEHHBIX
oTrobpaskarTcsa cupaBa OT KoMaHA IL m MOCTymHBI Mg M3MEHEHUA.
Bbl MoKeTe ycTaHOBUTH MM COPOCUTH TOUKY OCTAHOBA M IPOIIATATD
mporpaMMy II0 OAHOUW KoMmaHze. WMHTepecHble BO3MOMKHOCTH Ajsa IL
npegpocraBasger pe:xxuMm Flow control CoDeSys. B aTom peskume B OKHe
MOHUTOPHWHTA IOACBEUNBAIOTCA HOMEpPa CTPOK, KOTOPHIE MCIOJIHAINCH
B IpeAbIaAyIleM paboueM ITHMKJIE, M OTOOPAKAIOTCA COOTBETCTBYIOIIINE
3HaUeHUsd akKKyMmyJasaropa (puc. 7.4).

%, Random {PLC_PRG.Rand} [FB-IL - O] =]

0002  bTmp = 227 [~

0003 Load = FYEIS =

0012 endl O A

0013 85| LD % x=143

0014 114  MUL 170

0015 57| DIV 251 [

0016 57| ST bTmp | bTmp = 227

0017 251 LD 251 =
KN D R vl

Puc. 7.4. IL B pe:xume UCIOJHEHUA
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7.4. CrpykrypupoBauubiii TeKkceT (ST)

7.4.1. BeipaxxeHus

OcuoBoii ST-mporpaMMbI CJOy:KaT BhIpa’KeHUsA. PesyabTaT BBIUNC-
JIeHUsT BbIpasKeHUs MIPUCBAWBAETCS MePeMeHHON HpPU MOMOIIU oIlepa-
Topa «:=», Kak u B Ilackaie. Kaskmoe BbIpakeHue 00sg3aTeJIbHO 3a-
KaHUYMBAETCA TOUKOUN C 3aIATOi «;». BBIpa)keHle COCTOUT M3 IIepe-
MEHHBIX KOHCTAHT U (DYHKIINI, pasaeieHHBIX OIlepaTopaMu:

iVarl := 1 + iVar2 / ABS(iVar2);

CraHmapTHbIe ollepaTopbl B BhIpaskeHuAX ST mMeT cUMBOJBbHOE
mpencTaBiIeHne, HAIPUMeEp MaTeMaTUdecKue mewcrBus: +, —, ¥, /,
omeparnuy CpaBHEHUS U T. [.

IToMmumo oIepaTopoB, SJIEMEHTHI BBIPAMKEHUS MOXKHO OTAEJNATH
mpobesaMu U TAOYJIANMUAMHE OJIA JYUIIEeTO BOCHPUATHUA. B TeKCT Mo-
ryT OBITH BBEeIEeHBI KOMMeHTapuu. Besie, Iie MOIIYyCTUMBI ITaCCUBHBIE
pasmesnTesn, MOMKHO BCTABJIATHL U KOMMEHTAPUU:

iVarl := 1 + (*nomyuurs 3Hak*) iVar2 / ABS(iVar2); (*nposepka Ha
0 Obu1a BhIIE™®)

HecKOJMIbKO BBIPAKEHUI MOYKHO 3aIlMCATh IOAPSAL B OAHY CTPOKY.
HO XO0pOoImIIM CTHJIEM CUHNTAETCHA 3aIllMCh OJHOI'O BbIPaXXE€HUA B CTPOKE.
M uHHbIe BEIPAKEHUS MOYKHO IIEPEHECTH Ha CJIeNYIOIIYI0 CTPOKY. Ile-
PEHOC CTPOKM PABHOIEHEH IACCUBHOMY PAa3HesIUTENIO.

BripaskeHue MOMKET BKJIOUATEL APYroe BEIPAXKeHNe, 3aKJIOUeHHOe
B CKOOKU. BrIpaskenue, 3aKJIOUEHHOEe B CKOOKU, BBIUUCIAETCS B IIEp-
BYIO OUepelb.

Tumn BeIpasKeHUs ONPeessIeTcs TUIIOM pPes3yJbTaTa BbIUMUCICHUI:

bAlarm := bylnpl > byInp2 AND byInpl + byInp2 <> 0 OR
bAlarm2;

7.4.2. IlopsaioK BEIYNCIEHUS BBIPAKEHUH

Berunciienue BbIpaskeHUsSI MPOUCXOIUT B COOTBETCTBUU C IIPaBUJIA-
Mu npuopumema onepayuii. IlepBbIMU BBITIOJHAIOTCA OIEpAlUM C Ha-
UBBICIITUM ITPUOPUTETOM.

B mopsake yMmMeHbIIeHUS IIPUOPHUTETA OIlepaliy PacliojiaraioTcs
TaK: BBIpasKeHue B CKOOKax; BbI3oB (yHKIUU; cTeneHb EXPT; zame-
Ha 3Haka (—); orpunanue NOT ; yMHOKeHUe, HejeHUe U JeJieHre 110
moxyiio MOD; cnoxkeHnue u BeiuuTanue (+, —); omepanuy cCpaBHEHUA
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(<, >, <=, >=); paBeHCTBO (=); HepaBeHCTBO (<>); JIoTHYEeCcKUe OIIe-
pamuuz AND, XOR u OR.

IIpuopurer omepamnuii B BhIPAKEHUSAX OUYEHb BasKeH. B ImepByIo
ouepenb C MaTeMaTUUYECKON TOUKU 3PEHUA:

X:=2+2%2; (*=06%)

X:=2+2)* 2 (*=8%)

31ech pes3yJbTaThl OUEBUAHBI. ¥ MHOKEHUEe mMeeT 0oJiee BBICOKHIt
IPUOPUTET, UeM CJIOKEHUEe, U BBINOJIHAEeTCA paHbIiine. CKOOKU MEHSIOT
TOPANOK BBIYUCJIEHUH, U Pe3yJbTaT OKa3bIBAETCA APYTUM.

IIpu cocraBiIeHUU BBIPAYKEHUN 00s3aTEJIbHO HEOOXOMUMO YUUTHI-
BaTh BO3MOJKHBIN MUAITA30H U3MEHEHWS 3HAUEHUN U TUIIBI IIePeMeH-
HbIX. OmubKM, CBsI3aHHbBIE C IIEPEIoJTHEHNEeM, BO3SHUKAIOT B IIPOIecce
BBIIIOJIHEHUSA U HE MOTYT OBITh 00HAPYKEHBI TPAHCJIATOPOM.

iVarl: SINT;

siVar2: SINT := 120;

siVarl := 120 — siVar2 + 20; (*120-120=0, 0+20=20%)
siVarl := 120 — (siVar2 + 20); (*120+20=-116, 120 + 116 =-20%)

7.4.3. IlycToe BBIpasKeHHE

IIycToe BhIpasKeHME COCTOUT M3 TOUKHU C 3aMATOH «;» . IlJId TOUKU
C 3aIATON TPAHCJIATOP He reHepupyeT HUKAKOro Koxa. Ecau ciyuaii-
HO TIOCTABUTH JIUIITHIOD «;», 3TO HE BBLI30BET OMINOKU. EAUHCTBEHHOE
OCMBICJIEHHOE TPUMEHeHIe IYyCTOT'0 BhIPArKeHUS — 9TO obecreueHUe
OIPaBUJIBLHOCTHU S3BIKOBBIX KOHCTPYKIIUii. Hampumep, MoKeT moTpedo-
BaThCS OTTPAHCIUPOBATH IIPOEKT, COAEPIKAIIUI eIllle He PeaJIu30BaH-
geiii POU. [I1a KOpPPEeKTHOUW TPaHCAAIIUKA OOCTATOYHO HAINCATH B
Teae POU oxgmu mycroii omepartop. Eile omue mpumep, e HYyCTOH
oIepaTop OKas3bIBaeTcA BecbMa KcraTtu, 310 ycyoBue IF, He comep:ka-
miee pasaen THEN:

IF x = Threshold THEN

; (*Bce xopomo*)
ELSIF x > Threshold THEN

bMarker := bMarker — 1;  (*mar Buu3z*)
ELSE

bMarker := bMarker + 1;  (*mar BBepx*)

END_IF; (*mumssis ; — mocrasieHa o [lackaneBckoi mpuBBIYKe™)
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7.4.4. Oneparop BsIOOpa IF

Onepamop 6b.60pa TO3BOJISET BBINOJHUTL PA3JIMYHBIE TPYIIIIBI
BBIDAKEHUIl B 3aBUCUMOCTU OT YCJIOBUI, BBIPA’KEHHBIX JOTHMUYECKU-
MU BeIpaskeHuaMU. [lomHBIN cuHTaKcuc omneparopa IF (ecsiu) BBITIIA-
OUT TaK:

IF <imorumueckoe BeIpakeHue IF>
THEN

<BweIpaskeHusa IF> ;

[
ELSIF <umoruueckoe Bbipa:kenue ELSEIF 1>
THEN

< Beipaskenus ELSEIF 1> ;

ELSIF <moruueckoe Boipakenume ELSEIF n>
THEN

< Beipaskerua ELSEIF n> ;
ELSE

< BeipaskeHuda ELSE> ;

1
END_IF

Eciu <jpormueckoe Bwuipakenue IF> MCTUHA, TO BBITIOJTHAIOTCS
BBIpasKeHUdA MepBoil rpynnsl — <BbIpaskeHus IF>. IIpouwne BwmIpaske-
HUSA IPOIYCKAIOTCA, aJbTePHATUBHBIE YCJIOBUSA He IPOBEPAIOTCH.

YHactp KOHCTPYKIIMM B KBaJPaTHBIX CKOOKax fABJIsAeTCS HeoOs3aTe-
JBHOU W MOJKET OTCYyTCTBOBATb.

Ecau <goruueckoe Boipazkenme IF> JIOKD, To omHO 3a mpyrum
npoBepsiorca ycaoBua ELSIF. IlepBoe mcTuHHOE yCa0BUE IPUBEIET K
BBIIIOJTHEHUIO COOTBETCTBYIONIel I'pynnbl BeIpakeHuii. IIpouue ycio-
Bua ELSIF amanusupoBathca He O0yayT. I'pynn ELSIF mosxeT OBITH
HECKOJIbKO WJIM He OBITh COBCEM.

Ecim Bce JjlornyecKre BBIPAKEHUSA MAaaW JIOXKHBIA pes3yJabTaT, TO
BBITIOJIHAIOTCA BhIpaskeHus rpynnsl ELSE, eciu ona ects. Ecaiu rpyi-
nbl ELSE HeT, TO He BBINOJIHSIETCS HUUYEro.

B mpocreiimem cayuae omepatop IF comep:XuUT TONIBKO OIHO
ycJlioBue:
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IF bReset THEN

iVarl := 1;
iVar2 := 0;
END_IF

Ha mepBbiii B3rsaa KoHCTPYKIUA IF ¢ HECKONIBKMMU TPyIIIaMU
ELSIF BBINIAAUT CJHIOMHOI, HO HA CaAMOM JeJjie OKa3bIBaeTCs JOCTa-
TOUYHO BLIPA3UTEJILHOM:

IF bReset THEN

iVarl := 1;
ELSIF byLeft < 16 THEN
iVarl := 2;
ELSIF byLeft < 32 THEN
iVarl := 3;
ELSIF byLeft < 64 THEN
iVarl := 4;
ELSE
bReset := TRUE;
END_IF

7.4.5. OnepaTop MHO:kecTBeHHOTO Bhioopa CASE

Onepamop muoxecmeennozo 6vt00pa CASE 1103BOJIsIeT BHIIOJIHUTH
pas3JWYHble I'DYNNBI BRIPDAKEHUU B 3aBUCHMOCTU OT 3HAUEHUSA OJHOU
IeJIOUNCJIEHHOU IIepeMeHHON MM BhIpaskeHus. CUHTaKCUC:

CASE <uemounciaennoe Boipaskenue> OF
<3HaueHue 1>:

<BBIpa)KeHUA 1> ;

<smaueHwue 2> , <3HaueHHe 3> :
<BBIpaKeHUA 3> ;

<gHaueHue 4>..<aHaueHue 5> :
<BBIpaXKeHUsA 4> ;

[
ELSE

<BwIpaskenusa ELSE> ;
1
END_CASE
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Ecnu 3HaueHMe BbhIpaKeHUs COBIIANAET C 3aJaHHOU KOHCTAHTOM, TO
BBIIIOJIHSIETCS COOTBETCTBYIOINIAsA IPyIna BhIipaskeuuii. IIpoume ycio-
BUSA He aHAIUBUPYIOTCA (<3HaueHMe 1>: <BmIpaskeHUs 1> ;).

Ecin HeCKOJNbKO 3HaUeHUII KOHCTAHT MOJYKHBI COOTBETCTBOBATDH
OIHOU TpyIle BBIPAKEHUI, UX MOYKHO IEPEUUCIUTh Uepe3 3aIlAaTyIo
(<sHaueHwme 2> , <3HaueHUe 3> : <BBIpAKEHUS 3> ;).

Iuama3oH 3HaUYeHUII MOKHO OIPEeIeSUTh uepes ABoeToune (<3Ha-
yeHue 4>..<sHaueHue 5> : <BbIpaKeHHUd 4> ;).

I'pynna Beipaskenuit ELSE saBiserca meobasarenbHO. OHA BBI-

TOJHAETCSA TPU HECOBIAJEHUU HU OLHOTO M3 YCJIOBUU (<BBIPpAYKEHU
ELSE> ;).

IIpumep:
CASE byLeft/2 OF
0,127:
bReset := TRUE;
Varl := 0;
16..24:
Varl := 1;
ELSE
Varl := 2;
END_CASE

3uauenuamu Bbibopa CASE moryT OBITH TOJBKO IleJible KOHCTAH-
Thl, IIepeMEeHHBbI€ MCIIOJIb30BaThb HEJIb3d. O,I[I/IHB_KOBI:Ie 3HAUYEeHUusdA B
aJbTepHATHUBaX BBLIOOpaA 3aJaBaTh HEJIb3s, daske B AuamasoHax. Tak,
CJIeAYIOMUI TpuMep 00s3aH BHI3BATH OIMINOKY ITPU TPAHCIIAININ:

CASE byLeft OF

20: Varl := 0;
16..24: Varl :=1;
END_CASE

Besycnosuo, omeparop CASE «cmabee» omeparopa IF, me mmero-
miero nmoxobHBIX orparnueHuii. Ho opmar CASE He TONBKO BhIpas3u-
TeJIeH [Jis MPOrpaMMUCTa, HO U Oojee sddeKTuBeH. VMcmoab3oBaHnue
IEJIOYNCIeHHBIX KOHCTAHT II03BOJIAET TPAHCJIATOPY BBIIIOJHUTH ONTHU-
MUBAIUI0 KOJa, YaCTO BeCchbMa CYIIEeCTBEHHYIO.
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7.4.6. Iukasr WHILE u REPEAT

Iuxave WHILE u REPEAT o6ecrieunBaoT IIOBTOPEHME I'PYIIILI BbI-
pa)XeHMi, IIOKA BEPHO YCJIOBHOE JIOTMUECKOe BhIpa'KeHue. Ecsm ycios-
HOe BbIpa)KeHure BCerJa MCTUHHO, TO ITMKJ CTAHOBUTCS OECKOHEUHBIM.

Cunrakcuc WHILE:

WHILE <V¥YcaoBHoe Joruueckoe BhIpakeHue> DO
<BbIpaskeHUA — TeJ0 IMUKJIa>
END_WHILE

Ycaosue B nukae WHILE mpoBepsercsa mo mauasaa mukJja. Ecium
JIOTUYeCKOe BhIpakeHme u3HauaabHO uMeeT 3Hauenme JIOIKD, Teimo
nuKJa He OyJeT BBIIOJHEHO HU paasy.

Cunrakcuc REPEAT:

REPEAT

<BpIpakeHus — TeJio IuKJIa >
UNTIL <V¥cioBHOE JIOTUUECKOE BbIpakeHUe™>
END_REPEAT

Ycnosue B mukiae REPEAT mpoBepsieTcs mocjie BBITIOJHEHUA Tesa
nukJja. Eciaum jormyeckoe BbIpakeHUe M3HAUYAJIBHO HMeeT 3HAUeHUe
JIOKD, Teno nukia 6yaeT BBIIOJIHEHO OAWH pas.

IIpumep:

ci := 64;

WHILE ci > 1 DO
Varl := Varl + 1;
ci:=ci/2;

END_WHILE

IIpaBuabuo nmocrpoenubrit MUK WHILE niu REPEAT o6sasarens-
HO JOJI’KEH M3MEeHATH IepeMeHHbIe, COCTABJIAIOIINEe yCJI0BUe OKOHYA-
HUA B TeJjle IIUKJA, IIOCTEIIeHHO NPUOJMIKAsACh K YCJIOBUIO 3aBepIiie-
Hud. Ecam aToro He caenaTh, MUKJ He 3aKOHUYUTCA HUKOTIA.

CrapafiTech He HCIIOJB30BaTh TOUHOE PAaBEHCTBO M HEPaBEHCTBO
UL IpeKpaleHnsa Iukjiaa. VHaue ecTh BEPOATHOCTDH OIMHOOYHO IIPO-
CKOUUTH TPAaHUUYHOE ycJjioBue. JIydllle NCIIOJIb30BATh YCIOBUA OOJIBIIE
u MeHbIIle. B cienyromem mprumepe OIMuOKa XOPOIIO BUAHA MCKJIIIOUM-
TeJIbHO OJraromaps ero ImpocToTe:
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ci:=1;

WHILE ci <> 100 DO
Varl := Varl + 1;
ci:=ci+ 10;

END_WHILE

OueBUAHO, CUETUUK Ci IPU HAYAJIbHOM 3HAUEHUU 1 U MpUPAIEeHUN
10 sukorga He cramer paBHBIM 100.

I peanusanuy MUHUMAJILHOTO BPEMEHU BBITIOJHEHU ITUKJIA He-
006xonuMo m3beraTh B Teje IIMKJA U B YCJIOBHOM BBIDA’KEHUU BBIYUC-
JeHnii, KOTOPble MOXKHO OBLIO cAesaTh 3apaHee. TaKue BBIUMCJIEHMUS
HOBTOPAIOTCS B IIUKJIE, BCAKUIN pas3 oTHUMAasA BpeMsa. Hampumep:

WHILE ci < 5 + x DO

Var := Varl + 2%x*x + 1;
ci:=ci+1;
END_WHILE
JaHHBIA ITUKJI MOKHO ONITUMU3UPOBATH II0 CKOPOCTHU:

iMax := 5+x;

iPoly := 2*x*x + 1;

WHILE ci < iMax DO
Var := Varl + iPoly;
ci:=ci+ 1;

END_WHILE

7.4.7. Iuxa FOR

Hukn FOR o6GecnieuuBaer 3a0arHOe KOJIWYECTBO IIOBTOPEHUH
rpynns! BeipaskeHuii. CuHTaKCHC!:

FOR <Ilensrii cueTunk> := <HauanbHOoe 3HaUeHLE>

TO <Koueunoe 3HaueHme™>

[BY <IITar>] DO

<BbIpaskeHUA — TeJ0 IMUKJIa>
END_FOR
Ilepen BbImOSTHEHWEM ITMKJA CUETUMK IIOJydaeT HadaJIbHOe 3HAUe-

HUe. I[aJIee TeJI0O ONUKJIa IIOBTOPAETCA, IIOKa 3HaYeHNe CUEeTYNKa He
IIPEeBBICUT KOHEYHOI'0O 3HAYEeHMAd. CuerTunk yBeJIn4duBaeTCAd B KaKIOM
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nukjge. HavaibHOe M KOHEUHOE 3HAUEHUS U IIar MOTYT OBITH KaK
KOHCTAaHTaMU, TaK ¥ BBIPAYKEHUIMMU.

CueTunMK M3MEHSETCsS IIOCJIe BBIMOJHEHUS Tejia IuKJja. Iloaromy
ecau 3aJaTh KOHEUHOE 3HAUeHVe MeHbIlee HaYaJbHOTO, TO IPU IOJO-
JKUTEJIHLHOM IIPUPAINeHUM IUKJ He OyAeT BBINOJHEH Hu pasy. Ilpu
OQUHAKOBBIX HAYAJhHOM M KOHEUHOM 3HAUEHUSX TEJ0 IUKJIA Oyaer
BBIIIOJIHEHO OJUH Das.

YHactp KoHCcTpYKIIMu BY B cKOOKax HeoOsa3aTe IbHA, OHA OIpPemeJis-
eT Iar mpupamneHusa cueTuynka. 110 yMOJIUYaHUIO CUETUNK YBeJINUUBa-
eTcs Ha eIUHUIY B KasKIOHW mTepanuu. B KauecTBe cueTUMKAa MOIKHO
HMCIIOJIb30BATh IMEePEeMEeHHYIO Ji000ro 1esoro tTumna. IIpumep:

Varl := 0;

FOR cw :=1TO 10 DO
Varl := Varl + 1;

END_FOR

Hawunaberii muka 6yger BeimoaHeH 10 pas u coorBercTBeHHO Varl 0y-
mer uMmeTh 3Hauenue 10.

IIlar usMeHeHUs CUETUMKA HUTEpPAIlil MOKET ObIThb 1 OTPUIlATEJIb-
HbIM. HauasmbHOE yCJIOBHE B BTOM CJydae MOJIMKHO OBITH 0OJIBbIIE KO-
"HeuHoro. I[uky OGyJeT 3aKOHUEH, KOrja 3HAUEHWE CUETUMKA CTaHeT
MeHbIIle KOHEeYHOTO 3HaueHus. Hampumep:

Varl := 0;

FOR ci := 10 TO 1 BY -1 DO
Varl := Varl + 1;

END_FOR

Hurna FOR uckaounTe bHO ya00€H AJIA UTepaInii ¢ 3apaHee nu3Be-
CTHBIM UYMCJOM IIOBTOPOB. IlpmueMm, UTOOBI cO34aTh OECKOHEUHBIH
muka FOR, Hy:XHO XOopoIio mocraparbca. MoKHO, HaIpuMep, MMOIIbI-
TaThCA 3a7aTh HYJeBOH mmar npupamienusa (B CoDeSys aTo He momora-
eT) miu cOPOCUTH CUETUMK B TeJie IUKJIA.
a5t mocTpoeHUs MPaBUJILHOTO IIUKJA JOCTATOUHO COOJIOLATEH IBA
IPOCTBIX (hOPMATbHBIX TPEOOBAHUS:
e He H3MEHSITEe CUeTUMK I[MKJA U YCJIOBUE OKOHUAHUSA B TeJje
nukJga. CueTunK u mepeMeHHbIe 00pasyollue KOHeUHOoe YCJI0BUe
B IIUKJIe, MOKHO MCIOJIb30BATh TOJBKO AJIA UTEHUS;

e He 3aJaBaliTe B KaueCTBe KOHEUHOT'O YCJIOBUA MAaKCHUMaJIbHOE
[JIs THUIIa IePeMeHHOU cueTynKa 3HaueHue. Tak, ecau A OJHO-
GaliTHOTO Iesoro Oe3 3HaKa 3aJaTh KOHCTAHTY 255, TO ycJjioBue
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OKOHYaHUSA He OyIeT BbINOJHEeHO HuKorga. Iluki crarmer Gecko-
HEUYHBIM.

B CoDeSys cueTunk m3MeHsieTCA B Tejle ITMKJIa BCerja, BKJIOYAs
3aBePIAIOITYI0 UTEePaIlnio, KOTIa YCJI0BUe OKOHYAHUA YK€ TOCTUTHY-
T0o. Ho B cTaHgapTe Takue TOHKOCTU He OTOBOpPeHbI. C 1eIbi0 ONTUMU-
3aIMM 10 CKOPOCTU TPAHCISATOP MOXKET 000NTU M3MEeHEeHNEe CUeTUMKA
aumtHui pas. IlosToMy He pPeKOMEHIyeTcCA MCIIOJNIL30BAThL 3HAUEHIE
cCUeTUMKA BHE Teja IMUKJa. [[epeHOoCHMOCTh TaKOoIi IpPOoTrpaMMbl TapaH-
THUPOBaATh HeNb3si. M3beraiiTe mncmosb3oBaTh 1uKJI FOR co ciokHbIMU
YCJIOBUSIMU OKOHUAHUSA U B CIydYasX, KOrJa II0 OKOHUAHUM IHKJA He-
00X0IMMO OIpeNeuTh IPUUYNHY OKOHUaHUs. Hampumep, Korga UK
MosKeT ObITh mpepBaH omepaTopom EXIT m ecTh HE0OXOZMMOCTEL V3-
HATh, CKOJBKO UTepaIuii B AeHCTBUTEIbHOCTU OBLIIO BBITTIOJHEHO (CM.
ke npumep ¢ EXIT).

Bropoit MOMeHT, KOTOPBIII HEOOXOAMMO YUUTHIBATH HPU CO3MAHUU
epPeHOCUMOIi ITPOrPaMMbl, 3TO OTPHUIIATENbHOE IIPUPAIeHNe CUeTUN-
ka. K coskaenuio, Jajieko He BCe CHCTEeMBbI MPOTPaMMUPOBAHUSA IIOJ-
IEepKUBAIOT TAKYI0 BO3MOMKHOCTD.

7.4.8. IIpeppiBaHue UTEpaIHil OepPaTOPAMH
EXIT u RETURN

Onepatop EXIT, nmomerenusiit B Tese nmukjaos WHILE, REPEAT
u FOR, mpuBoguT K HeMeIJeHHOMY OKOHUAHHIO IHKJA. XOPOMIIN
CTUJIb TPOTPAMMMUPOBAHUA IPU3bIBaeT m36eraTh TAaKOTO IpHeMa, HO
WHOTJa OH BechMa ymobex. PaccMoTpum, HampuMmep, IIOUCK dJIeMEHTa
MaccHuBa C oIlpelejieHHbIM 3HaueHueM (x). IIpoiiie Bcero opranmn3oBaTh
JUHENHBIN nepebop npu nomoinu nukiaa FOR:

bObtained:= FALSE;
FOR cN := 1 TO MaxIndex DO
IF x = aX[cN] THEN

Index :=cN;
bObtained := TRUE;
EXIT;
END_IF
END_FOR

IF bObtained THEN  (*snemenT HaiineH, ero uaaekc — Index*)

Hna BaoxkenHoro mnukJga onepatop EXIT 3aBepiiaer TOJBKO
«CBOW» IIUKJI, BHEIIITHUH ITUKJ OyAeT IpomoKaTh pabory. Hanpumep:
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FOR y :=0TO 9 DO
FOR x := 0 TO 99 DO (* obpabatpiBaeMm cTpoky MaccuBa Arr[y][x]*)
IF ... THEN EXIT; (*’xBocT’ cTpokH 00pabaThIBaTh HE
HaJI0, IEPEXONM K CIIeyIomeii™)
END_FOR
END_FOR

IIpu HEOOXOAMMOCTHY 3aBEPIIIEHUS BHEITHErO IMKJA IO YCJOBUIO,
BOBHUKIIIEMY BO BJIOKEHHOM ITMKJIe, MOYKHO MCIIOJb30BaTh Napy CHUH-
XPOHUBUPOBAHHBIX omepaTopoB EXIT:

bBreakY := FALSE;
FORy:=0TO 9 DO
FOR x := 0 TO 99 DO
IF ... THEN bBreakY := TRUE; EXIT; (*npepBars 00paboTKy*)
END_FOR
IF bBreakY THEN EXIT;
END_FOR

Onepatop RETURN ocyirecTBiasier HeMeIJeHHBINI BO3BpaT U3
POU. 970 emmHCTBEHHBI cIIoco06 MpepBaTh BJIOKEHHbIE UTepanuu 0e3
BBEIeHUSA MOTMOJHUTENbHBIX MPoBepok ycaoBuii. Omepatrop RETURN
BBIIIOJIHAETCA OYeHb OBICTPO, (AaKTUYECKM JTO OJHA MAaIlluHHAA
KoMaHza mpoiteccopa. Ho He cTouT uM 3/10yIoTPedasTh. II0OCKOIBKY B
TEeKCTe KOMIIOHEeHTa, UMeoIero, Hanpumep, 50 BbIX0m0B, pa3odpaTh-
cdA BecbMa He IIPOCTO.

WNuorma ObiBaeT ymo6HO co3maTh 0e3yCJIOBHBIM IIWKJ, & YCJIOBUA
BBIXOZa (hopMUpPOBaTh B Teje IuKJa ¢ ucnoab3doBanmem EXIT. Ha-
mpuMep, MOTYT IOTPeOOBATHCS HECKOJbKO DPABHOBEPOSTHBIX, HO He-
B3aMMOCBS3aHHBIX YCJIOBUI BbIXoAa m3 mukJjia. Cos3mars 6e3yCJIOBHBIN
(6eckoneunsrit) muka B ST mpore Bcero Tak: WHILE TRUE DO...

7.4.9. Urepanuu Ha 6a3e padouero nukiaa IIJIK

HUcnonbzoBaTts mysi ycaoBusa Bbhixoma u3 1ukjgaoB WHILE wu
REPEAT Bxopabl, BBIXOJIbI UM APYTHUE alllapaTHO-3aBUCUMBbIE IIepe-
menHbIe [IJIK Henb3a. [lanHbIe TepeMeHHbIe HE UBMEHAIOT CBOUX 3HA-
yeHUIl B Mpefesiax OZHOTO pabouero IMKJA II0Jb30BATEJIbCKOIH IIPO-
TpPaMMBbI, IIOATOMY IIMKJ Bcerga OyaeT OeCKOHeUHbIM. Ecau momoOHas
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HeOOXOAMMOCTh BCE K€ €CTb, HCIIOJb3YyiTe AJA uTepanuii paboumit
nuka [1JIK. BeimosiHeHne utepanuu 3agaeTcs IPocThIiM yciaosuem IF.

AHaJIOrMYHO MOKHO IIOCTYIIATh HPU HEOOXOAMMOCTH MOCTPOEHUS
IINTeIbHBIX IIUKJIOB. HampuMep, MHUIUAJIU3ANNA WA KOIUPOBAHIIE
OOJIBIITNX MACCHUBOB JAaHHBIX. «PasMasbIiBaHWe» O00BEMHBIX OIeparimit
Ha MHOKECTBO pPaboumX IIMKJIOB SABJSETCA CTAHZAPTHBIM IIPUEMOM,
TO3BOJIAIOIIUM M30eKaTh He)KeJaTeJbHOTO 3aMeAJIeHUA APYTuUX, Ia-
pajlIebHO BBIMOJHSAEMBIX 3a7ad4.

Tax, nHAIIMATN3AIUA JAHHBIX (PYHKIIMOHAILHOTO 0JIOKA C BLICTAB-
JeHHeM CHUTHaja TOTOBHOCTU MOJKET BBITJIAAETH TaK:

ENO: BOOL := FALSE;
niCounter: INT :=1000;
aiVar: ARRAY[0..999] OF INT;

IF niCounter = 0 THEN

ENO := TRUE;
(*ocHoBHas pabora 00Ka*)
ELSE

niCounter := niCounter — 1;

aiVar[niCounter] := GetInitVal(niCounter);
(*coskHas MHALTHATH3AIHS ™)

END_IF

7.4.10. Odopmizenue Texcra

Ogopmaenue merxcmog ST-mporpaMM MOKeT OBITH COBEPIIEHHO
POMBBOJILHBEIM. Pacmosioskenne OIepaToOpoOB UM BBLIPAMKEHHUH B CTPOKE
He BINAET Ha IPAaBUJIBHOCTH IporpaMM. Ho oueHBb BasKHO BBEIPAbOTATH
CBOIl COOCTBEHHBLINI CTHJIb M CTPOr0 MPUIEP:KUBATHLCSA €ro. BakHeli-
LIy PoJib B 0OPMJIEHUN UTPAIOT OMCmyny. B Havajsie cTpok. OTCTy-
Bl 3pUTEIHHO O0BEIUHAIOT CTPOKU, COePIKaIlliie BEIPDAYKEHNA OTHOTO
YPOBHA BJO:KeHUs. TeKCT, BEIDOBHEHHBINI B BHUIE JIECEHKU, KasKIasd
CTYIIEHbKA KOTOPOM OTHOCUTCS K OJHOMY IIUKJY WJIHU YCJIOBUIO, YMUTA-
eTcs JierKo. HecMOTpsA Ha BOBMOYKHOCTH TOPUBOHTAIBHON IIPOKPYTKU
B pelakTope, ’KeJaTeJbHO, YTOOBI II0 IIMPUHE TEeKCT IoMeIajicd Ha
omuoii crpanuiie. He crouT pacmojaraTh HECKOJBKO BBIPAKEHUU B
onHY cTPOKY. Hruero cTpalrHoro HeT B TOM, UTO TEKCT OKaKeTCs pac-
TAHYTBIM II0 BEPTUKAJIU: JAKOHUUYHBIE BBIDAYKEHUSA U Ja’Ke IIYCThIE
CTPOKH TOJIBKO IIOMOTAIOT 3PUTEJIHLHOMY aHAJU3y (CM. IpuMep HUKe).
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FOR icY :=0TO 8 DO
FOR icX :=0TO 16 DO

IF iaPos[icY,icX] > iLevel THEN
iBalance := iBalance + 1;
ELSE
IF iaPos[icY,icX] < iLevel THEN
iBalance := iBalance — 1;
END_IF
END_IF
END_FOR

iLevel := iLevel *2;
END_FOR

IInoxo odpopmiaenuabiit ST-TeKCT UYuTaTh KpaliHe TKeJo, Jaske pe-
JaKTOpP C IIBETOBBIM BBIJEeJIEHMEM WHCTPYKIIUIN 34ech He CcIacaer.
Mauto Toro, omubKu B cXeMe OTCTYIIOB CIIOCOOHBI COBEPIIIEHHO COUTH C
TOJIKY:

FOR icY := 0 TO 8 DO
FOR icX := 0 TO 16 DO
IF iaPos[icY,icX] > iLevel THEN
iBalance := iBalance + 1;
ELSE
IF iaPos[icY,icX] < iLevel THEN
iBalance := iBalance — 1;
END_IF
END_IF
END_FOR
iLevel := iLevel *2;
END_FOR

Hnass opopmiernus ST TeKCTOB BIOJHE MPUMEHHUMBI DPEKOMEHa-
UM, KOTOPbIe MOXKHO BCTPETHUTh B JIATEPAType II0 IPOrpaMMUPOBa-
Huio Ha Ilackane m C. O6Gpature BHuMaHUe, 4To B ST OTCYyTCTBYIOT
IIpecJIoByThIe mporpaMMubie cKoOKu (B ITackaue: begin, end; B C: {}).
BMmecTo HUX KakIoe BBIPAKEHUE SI3bIKA MMeeT COOCTBEHHYIO KOHIIOB-
Ky (WHILE .. END_WHILE, IF .. END_IF). To ecTs 3aKphIBaroIas
mporpaMMHas CKOOKa ABJsAeTcA WH(POPMATUBHON. SPUTEIbHO TaKOM
TEKCT BOCIPUHUMAETCS SIBHO Jiyuirie. IIpu CO3maHWU CJIOKHBIX BJIO-
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KeHUT B sasbike C 3akpbiBamolue CKOOKKM dYacTO PAaCIOJIOMKEHbI
CILJIONIHOI JieceHKON. B Takumx ciayyadX OIBITHbIE NTPOTPAMMUCTHI
OIPUMEHAIT KpaTKKe KOMMEHTApUU IMOoCJe KakIOoM saKpbIBarolnei
ckoOKku. KoMMeHTapuu MOJACKA3bIBAIOT, C UEro HauaT MaHHBIN ypo-
BeHb orcryna. Hampumep: (*FOR x*). 9TO XOpPOIINH IpHeM, HO TIpHU
TPAaMOTHOM TPUMEHEHHHN OTCTYHmOB B cTpokax ST Tarkas HeoO0XOIu-
MOCTH BOSHUKAaeT 3HAUNTEJbHO pexxe, ueM B C u Ilackaue.

7.5. Peneitnbie nuarpammvsi (LD)

7.5.1. Ilenn

Peneiinas cxema mpeacTaBiisgeT cO00il OBe BepPTUKAJbHBIE IITHMHBI
OUTAaHUA, MEXKIY HUMU PaCIIOJOMKEeHbI TOPM3OHTAJbHBIE ITeIu, obpa-
30BaHHBLIE KOHTAKTaMH 1 OOMOTKaMu pejie. KoJInuecTBO KOHTAKTOB B
ey ITPOU3BOJILHO, pejie oHO. Eciu mociieqoBaTeIbHO COeIUHEHHBIE
KOHTaKTBHI 3aMKHYThI, TOK UIET II0 Ilell W peJie BKJIUaeTcsa (B HIpH-
mepe Ha puc. 7.5 Lampl). IIpu HE0OXOAMMOCTH MOYKHO BKJIIOUUTH I1a-
pasiesIbHO HECKOJIBKO peJjie, IOoCJeIoBaTeIbHOe BKJIIOUEeHNEe He MOMycC-
Kaercs.

I'IpanmbHaﬂ YCTaHOBKA KOHTAKTOB BKITHOYUT I'IaMI'Iy1

Switch1 Switch3 Switch4 Switch6 Lamp1

| | | | | | | | { )
L L L 11 \

Switch2 Switch5

X —

Puc. 7.5. Cxema LD u3 ogHo¥i umenu

B LD xakIoMy KOHTAKTy CTaBUTCA B COOTBETCTBUE JIOTMUYECKasd
nepeMeHHasd, ONpPeeAIoNias ero cCocTogHre. Eeau KOHTaKT 3aMKHYT,
T0 mepeMmeHHas umeeT 3HaueHue WCTUHA. Ecam pasoMKHYT —
JIOKD. ma mepeMeHHOI MHHUINETCA HaJ KOHTAKTOM U (haKTHUUYECKHU
CIYKUT ero Ha3BaHUEM.

ITociemoBaTenbHOE coeqUHeHNEe KOHTAKTOB WJIH Ilellell PAaBHOIIEHHO
Jormueckoii omeparnuu M. IlapanienbHoe coeqmHeHure ob0pasyeT MOH-
raxxaoe WUJIN.

ITens moiker OBITH Jub60 s3amMrHyTOoH (ON), aM60 PaAsSOMKHYTOM
(OFF). 970 KaK pas u oTpakaeTcsa Ha 0OMOTKe peJie 1 COOTBETCTBEHHO
Ha 3HaUYeHUU Jiormueckoil nmepemenHoit oomorku (MCTUHA /JIOKD).
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IlpuBenennasa Ha puc. 7.5 cXxeMa SKBUBaJIEHTHA BBIPAKEHUIO:

Lampl := (Switchl OR Switch2) AND Switch3 AND ((Switch4
AND Switch6) OR Switchb);

3purenbHoe BocupusaTue LD-guarpaMM DOJIMKHO OBITh MHTYUTUBHO
nouATHBIM. g Poccum sTOMY HECKOJBKO MEIIAeT IPUHATAA CHUCTE-
Ma YCJOBHBIX rpaduuecKux obo3HaueHUii, 6a3upylollasicsa HA aMepu-
kaHckoM ctaggapre NEMA. IlpeumyirecTBo Takux 0003HaUeHUII CO-
CTOUT B BO3MOKHOCTU NPUMEHEHUs CHMBOJIOB IICeBIOTrpadUKU AJIsd
noctpoerusa LD-guarpamm.

ComocrasieHnne 0003HAUeHUH 0a30BBIX sjaeMeHTOB LD m obosHaue-
auit ECK]] npuBeneHo B Tabauiie.

LD ECE]J, O6o3HaueHue

_| l_ - HopMmasibHO paBOMKHYTBHIM KOHTAKT

I/ J\I; HopmaiibHO 3aMKHYTBIA KOHTAKT
_( )_ |:| O0MoTKa pese

KonTaxkT MoxeT ObITh MHBEPCHBIM — HOPMAJLHO 3aMKHYTBIM. Ta-
KOif KOHTaKT 00603HadaeTcs ¢ IOMOIILIO CHMBOJA |/| m 3aMbIKaercs,
ecau sHauenue nepemenHoii JIOMKD. IIpoucxo:xkaenue sToro obosHa-
YeHUs CBABAHO C PYCCKO# OyKBOil U (MHBepCcUs), KOTOPYIO aMepUKaH-
bl BIIMCHIBAJIM B KOHTAKT (IIyTKa). VIHBepCHBINI KOHTAKT paBHO3HA-
yeH Jjormueckou omneparuu HE.

ITeperouarornuii KOHTAKT obpasyeTcsa KOMOWHAIMeil mMPsSMOro u
WHBEPCHOTO KOHTAKTOB (CM. IIpuMep Ha puc. 7.6).

/1

I .

Puc. 7.6. Ilepexarouarouiuii KOHTAKT
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OOMOTKM peJjie TaKiKe MOI'YT ObITh MHBEPCHBIMM, UTO 0003HAUAET-
ca cumBoJioM (/). Ecaiu o6MOTKa MHBEPCHASA, TO B COOTBETCTBYIOIIYIO
JIOTUYECKYIO IIEPEMEHHYI0 KOMUPYEeTCS MHBEPCHOE 3HAUEeHIE COCTOS-
HUA IeNn.

7.5.2. Pexe ¢ camodukrcammeit

ITomMmuMO OOBIUHBIX pejie, B PeJIEHBIX CXeMaX YacTO IPUMEHAIOTCA
nonsipu3oBaHHBIE pese. Takoe pese mmeeT ABe 0OMOTKHU, IePeKJIOYa-
IOIl[Mie er0 M3 OJHOTO IIOJIOXKEHUs B Apyroe. IlepekJioueHue IIPOU3BO-
OUTCA UMIyJbcaMU TOKA. IIpM OTKJIIOUEHUH TOKA IMUTAHUS IIOJIAPU30-
BaAHHOE pejie OCTAaeTCd B 3aMaHHOM IIOJIOMKEHUU, YTO PeausyeT dJie-
MEHTapHYIO0 AYEeNKYy IIaMATH.

B LD Takoe pesie peanusyercsa IPU IIOMOIIMU JBYX CIIEIIAATBHBIX
oomoTok SET u RESET. O6morku Tuna SET ob6o3nauatorca 6ykBoit S
BHYTPU KPYIJbIX cKOOGOK (S). Oomorku Tuma RESET o6Gosmauatorcs
o6ykBoii R. Ecamu coorBercTBylomasa obmMoTKe (S) mepeMeHHasa NPUHU-
maer sHauenue MCTUHA, To coxpaHser ero 6eckoHeuHO. BepHyTh
mauuyio nepemernyio B JIOJKD mokHO TOIBKO 06MOTKOI (R).

OueBUAHO, YTO IOJHON AHAJOTUU C MOJAPUSOBAHHBIM pPeJie IIPO-
TPaMMHO [OCTHUYL HEBO3MOKHO. [lajke ecsn 3HaUeHWE JIOTUUYECKOTO
BBIXO/Ia COXPaHseTCA B SHEPTrOHE3aBUCUMOU HaMATHU, COCTOSHUE ca-
MOl 9JIEKTPUYECKOH Ienu IIpu BhIKJIOUeHHOM nutanuu IIJIK ompene-
JIsIeTCA ero cxeMaTukKoi. @ukrcanusa 6e30IIacHOTO MOJOYKEHU armapa-
TYpbl IPU aBaPUU IUTAHUS CHCTEMbI YIIPABJIEHUS MOYKET OBITH 0-
CTUTHYTA TOJBbKO aIllapaTHO.

VcaoBue BBIKJIIOUEHUS pejie He BCerfa PaBHOCUJIBHO OTCYTCTBUIO
ycaoBus BKJIOUeHuA. Baarogapa (R) u (S) oOMoTKaM yca0BUA BKJIIO-
YeHUSA W BBIKJIOUEHUS pejie MOYKHO (DOPMHPOBATH COBEPIIIEHHO He3a-
BHCHMO, IPUYEM B JIO00H IeNU W CKOJbKO yroguo pas. Oomorku (R)
u (S) obecrieumBaOT (UKCAIINIO YCIOBUU yIpPaBJIeHUA, UYTO HEOOXOIM-
MO IIPU peain3alliil aBTOMATOB C IaMATHIO.

Koneuno, camomKcanmio HECIOXKHO OPraHM30BATh U HA IPOCTOM
pejie, MCIHOJB3Ysl AOIOJHUTEJIbHBI KOHTAKT B Ilenu nurtaHusa. Ilpu-
Mep 9TOTO IIpeAcTaBJieH Ha puc. 7.7.

S_R1 1 R1

| R_R
I L

~

R1

Puc. 7.7. Pexae c camodukrcamueit
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KonraxT S _R1 Brawouaer, a R_R1 Beikgiouaer pesne R1, 6iarozna-
pa xkoHTakTy R1 pese mosyuaer muTaHue mocje pasMmbikanusa S _R1.
IIpumenenve SET/RESET-00MOTOK He maeT HUYEro MPUHIIUINAILHO
HOBOTO, HO fAesaeT LD-amarpamMmmy mporrie u KpacuBee.

7.5.3. IlopAOK BBIMOJIHEHNA U OOpPATHBIE CBA3U

Wpeonorusa pelleliHBIX CXeM MOApPasyMeBaeT IIapaJlieJbHYI0 paboTy
Bcex 1temneii. TOK BO Bce IIeNU MOJAETCS OJJHOBPEMEHHO.

B LD pemnienne guarpaMMbl BBIIIOJHSAETCS IIOCJIEIOBATEIBLHO CJIeBa
HAIpPaBO U CBepXy BHU3. B KaxxgoM paboueM IIUKJE OJHOKPATHO BBI-
MOJIHAIOTCS BCe IeNu AUarpaMMbl, UTO U co3faeT 3(deKT mapasieib-
HOCTHU PaboTHI Iemnei. JIrobas mepeMeHHasA B paMKax OJHOM IeIU Bce-
rma ©MeeT OJHO U TO ’Ke sHaueHue. Eciu maske peje B LI U3MEHUT
IepeMeHHYI0, TO HOBOe 3HAUEeHMEe IOCTYIUT Ha KOHTAKTHI TOJIBKO B
crenymooiieM IukJiae. llenu pacrmosoKeHHBIE HUMKE, IIOJy4YaT HOBOE
3HaUYEHNe IepeMeHHOI cpa3dy. e pacmooKeHHBIE BBIIIE — TOJBHKO
B caenyioiieMm mukje. CTporuil mopsagoK BBIIOJHEHUS CXeMbl OUEHbD
BaskeH. CuryualiHBIN MM JajKe MCTUHHO TIapaJlaebHBIN IOPALOK BbI-
MOJIHEHUS Iereil Mor Obl MPUBOAUTEL K 3(PHEKTy «TOHOK», BCTPEUAIO-
meMycs B BJIEKTPOHHBIX CXeMaX ¢ Tpurrepamu. Biaromapda :KecTKOMY
HOpPAAKY BhIOJHeHUs LD-muarpaMMbl COXPaHSIOT YCTOMUYUBOCTD MPU
HaJIU4YUU OOPATHBIX CBA3EH.

B npuBegenHoit Ha puc. 7.8 cxeme BKJIHOUYeHUEe Key BbI30BET MI'HO-
BeHHOe (B TOM Xe IuKJe) BKIOUeHNEe P2 1 oTrkitouenue P3. Pese P1
OyZeT BKJIIOUYEHO TOJIBKO B CJIEAYIOIIEM ITUKJE, IIPUYEM Jarke eCJIn
Key y:xe B o6pniBe (JIOJKD).

Hcnonb3ysa BBINNIEONWCAHHBIN MPUHITAI MTUKJIUYHOCTU BBITIOJHE-
"Hus LD-pmarpaMM, odyeHb JIETKO IIOCTPOUTH TE€HEPATODP eIUHUYHBIX

P2 P1
| | { )
11 \ 7/
Key P2
| | { )
11 \ 7/

P2 P3
| { )
I/II \ 7

Puc. 7.8. LD guarpamMma ¢ o0paTHOi CBA3HIO
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umiyabcoB. IIpumep Takoro mocrpoeHusa nmam Ha puc. (.9. Ilepuon
UMIyJIbcOoB Ha pese P1 OymeT paBeH yABOEHHOI AJUTEIBHOCTU Pabdo-
uyero nukJaa ILJIK.

Puc. 7.9. T'enepaTop eIMHNYHBIX UMIYJIbCOB

7.5.4. YupasjieHre TIOPSIIKOM BBITIOJTHEHUS

ITopsdox evinosiHeHUs ueneil fUarpaMMbl MOYKHO IIPUHYIUTEIHHO
U3MEHSTDb, UCoIb3ysa MeTKU (labels) u mepexonasr (jumps).

MeTKy MOKHO CTaBUTh TOJHKO B Hadayio Iienu. MMeHa MeTOK
TOAYWHEHBI TPaBUJIaM HaWMEHOBaHUS IepeMeHHbIX. [[Ja HarasagHo-
CTH MOJKHO 3aKOHUUTH METKY ABoeToumeM. I[BoeToume He obGpasyeT
HOBOM MeTKH. Tak, M1: mw M1 asto omHo m To Ke. Ilemb MoKeT
UMeTh TOJIBKO OOHY METKY U onmH Inepexon. Ilepexon paBHO3HaueH
BBIXOJJHOMY peJie U BBINOJHAETCA, €CJU BBIXONHAA IlepeMeHHasd
umeer 3HaueHue VCTUHA. Ilepexon MosKeT OBITh MHBEPCHBIM, B
9TOM cJydae OH BbImoJHseTca npu 3HaueHuu nenu JIOKB. Hcmo-
JIb3ysl Iepexoj]l, MOKHO IIPOIYCTUTh BBINIOJHEHWE YacTU Auarpam-
mbl. IIpomyienubie Ienu He cOpachbIBalOTCHd, a MMEHHO He BBIIIOJI-
HAIOTCA — 3aMHPAOT B TOM IIOJIOXK€HHUU, B KOTOPOM OBLIN paHee.
ITepexom BBepx [JgOmycKaeTcsA U IIO3BOJIIET CO3JAaBATh IITUKJIbI
(puc. 7.10). IIpoBepka ycJaoBUII OKOHYAHUA IIUKJA, €CTECTBEHHO,
JIEKUT Ha COBECTU IPOTpaMMUCTAa.

FOR_ever_AND_ever

FOR_ever_AND_ever

Puc. 7.10. IIpocreilmuii 6€CKOHEUHBIN IIMKJI

Wpeonornuecku Imepexoabl HMpoTHBopeuaT aHajgorum LD c¢ peseii-
HBIMHM CXeMaMM’, Hapylllas 3aKOHBI dJeKTPUUYECKUX Iierneii. B cxeme
LD c mepexomamu pasoOpaThcs ObIBaeT CJI0KHO. sKejgaTeJabHO He 3a-
HUMATBLCSA YIIPABJIEHUEM IIOPSAAKOM BBIIOJMHEeHUs LD-mumarpaMmbl B
Heli caMoii, a MCII0Jb30BaTh IJIA 9TOTO 00jiee BBIPA3UTEIbHBIE CPEICT-
Ba. Hampuwmep, pasgenuts LD-guarpammy Ha Moxyau (medcTBus), a
HOPSAOK BBINIOJIHeHUus onucatsb B SFC.
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Crunenuanbubiii mepexon, RETURN mpekpaimaer BbimosiHeHue LD
muarpamMbl. Ecaim RETURN BcTpeuaerca B OCHOBHOM IporpamMme
(PLC_PRG), pabouuii nukJ npepbiBaercd. B GyHKIUAX U GYHKIUMO-
HAJbHBIX OJIOKAX MIPOMCXOAUT BO3BPAT B MECTO BbI30Ba. MIHBIMH CJIO-
BaMu, wmcroab3oBaHme mepexoma RETURN aHamormyHo 1o CMBICITY
onepaTopy RETURN B TeKCTOBBIX A3BIKaAX.

7.5.5. Pacuinpenue BoamoskHOCTEeir LD

B LD-guarpaMmy MOKHO BCTABUTH (DYHKIIMU U (PYHKIIMOHAJIBbHBIE
O6s0Ku. PYHKIIMOHAJIBbHBIE OJIOKU HOJKHBI UMETDH JIOTUYECKUe BXOM U
BbIXOA. Ha puc. 7.11 mokasaH mpuMep opranmsanuu rnukaa Ha 10 mo-
BTOPOB Ha 0ase (PYHKIMOHAJIBHOI'O OJIOKA MeKPEMEHTHBIN CUEeTUMK.
ITepBas 1enb 3arpysKaeT CUYeTUMK YMCJIOM ITOBTOPOB. Bropas memb —
reHepaTop eAUHUYHBIX UMITYyJIbCOB. TpeTba — IeKPEeMeHTHBIN cuer-
YUK C IIPOBEPKOM YCJIOBUS OKOHUAHUSA ITUKJA. Tejo IuKjIa Ha PUCYH-
Ke He IIOKasaHo.

Decrement
CTD
cD a—> cyce
TRUE—LOAD CVl—
10 PV
Cycle:
Pulse Pulse
| | (
{1 ()
Teno uukna nostopsietca 10 pas
Decrement
Pulse CTD
[ | cD Q[—> cyce
FALSE | LOAD CVl—
0 4PV

Puc. 7.11. uka na 10 moBTOopoB Ha 6ase dyHKuMOoHAIbHOrO 610Ka CTD

st BKIIOUEeHUS B auarpaMmMy QYHKIIMA B HUX MCKYCCTBEHHO BBO-
IUTCA M00aBOUHBIN JOrMUYecKuii Bxoj, obosmauaemsbiii EN (Enable)
(cMm. mpumep Ha puc. 7.12). Jlormueckoe 3HaueHme Ha Bxozxe EN pas-
peltaeT mu 3amperntaeT BbImoJsHeHUHEe (QyHKmuu. Cama (GyHKIUA He
TEPIUT HUKAKUX MBMEeHeHUH mpu godasaeHuu Bxoma EN.
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EQ
EN
l— y2
ADD 74
a2—
5_
EQ_counter2
\z CcTU Stop2
— & o ()
FALSE H{RESET CV|—Counter2
— PV

Puc. 7.12. Ucnoar3oBanue oneparopa EQ, ynpasasemoro mo Bxoxy EN

B mepBoii pemakmuu crangapt MOK ompemessi KOHTAKTBI U 00-
MOTKH, yIpaBiseMble ()POHTAMYU UMITYJIbCOB: KOHTAKT |P| m o6mMoTKa
(P) nepennero ¢ponta, kouTakT [N| 1 o6morka (N) s3amgHero ¢bponTa.
B Hacrosmiee BpemMs mogmep:kKKa TaKUX KOHTAKTOB U OOMOTOK He SAB-
JAeTcsa 00sA3aTeNIbHOM, TaK KaK aHAJOTUYHYIO IeNb JIETKO MOXKHO IIO-
cTpouth npu nmomoIinu GyHknuoHaabHbIx 6,i0k0B R_TRIG u F_TRIG.

7.5.6. Oco6ennoctu peamusanuu LD B CoDeSys

Herpyauo samerutb, uto gamua LD-liemeii pasjiuyHa B 3aBUCHUMO-
CTH OT CJIOKHOCTU. Hampumep, IyCTh IepBasd Iemnb cocTouT u3 50
KOHTaKTOB, a BTOpas W3 JBYX. B 9TOM cjyuae IITUHBLI TUTAHUA HaA CXe-
Me IOJIXKHBI OBITh IIIMPOKO PasHeCeHbl, YTOOBI BMECTUTHL BCE COeIUHE-
HUS IepBoii menu. Bropas memns OyaeT BBITJIAAETh HEOIIPaBIAHHO pac-
TsaHyTOH. ITa ocobenHocTs PKC Bcerma BhI3bIBAJA CIOKHOCTH IIPU pe-
anusanuu nporpammupyiomux crannui IIJIK. Eciu mens He BMerria-
Jach B OWH dKpaH, ee pas3pbiBaJil U IIEPEHOCUJIN OCTATOK HIKe. AHa-
JIOTUYHO BBITJISAAT IPEIJIOKeHUA AaHHOTOo ab3alra, BLIDOBHEHHBIE IIO
mupuHe. IlepeHoc Jierko yuTaeTcs AJIsS OLHOI'O IIPOBOJA, HO IIellb MO-
JKeT OBITH Pa3BETBJICHHOM.

Crangapt MOK momyckaer He m300paskaTh OOIYIO MPAaBYIO IIUHY
BOOOIIle U BRIPABHUBATH eI BJEBO AJIS JYUIIEro 3puTejJIbHOT0 BOC-
npusatus. I'padpuueckuii pegakrtop CoDeSys He orpaHmuYuBaeT BO3-
MOKHYI0 mupuny LD-mienu u He TpeOyeT mpUMeHEeHUS MePeHOCOB.
CriosxHBIE Ienu M300paKalTCA CAUTHO U OJA PaboThl ¢ HUMU HeOo0-
XOAUMO II0JIb30BATLCA TOPU3OHTAJBHON MPOKPYTKOW SKpaHa
(cm. puc. 7.13). IlpaBas muHA m300paskaeTcss BEePTUKAJBLHBIMHU OT-
pe3KkaMu B IpefesaX KaKJOHM IIenu W BBIPABHUBAETCA BJIEBO, IIEIIU
IPOHYMEPOBAHLI U Pa3fejieHbl FTOPU30OHTAJIbHBIMY JUHUAMMA.

Bpema BwimosiHeHmA omHou LD-menu He moctossHHO. Ecsim mporiec-
cop O0HAPYKUJ, UTO IeIlb PA3OMKHYTa, TO ysKe HeT CMbIC/Ia aHaJIN3H-
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% PLC_PRG (PRG-LD) =
_ PROGRAM PLC PRG =
Alarm =
{ L
L
K2 K3 K4 P2
_| | | | | 1 {3
| 1 1 1 1 L)
Kl ] LA

Puc. 7.13. IlpaBbIii Kpaii ABYX Iielieil Pa3IUIHOMN JIUHBI

poBaTh ee jgaJjiee, MOYKHO cpady mpucBouTh 3HaueHme FALSE Boixon-
HOU mepeMenHoi. KomnuasTop Koma CoDeSys Tak u mesaer.

Hnsa ¢yaxnmuoHanbHbXx 070K0B CoDeSys mosBosger rpaduyuecKu
MOAKJIIOUATh TOJbKO OAWH BXOJ B JIOTHYECKYIO Iienb. CTaHZapT He Ha-
KJaJbIBaeT TaKux orpannuenuii. Hanpumep, B cuctreme MULTIPROG

mepBasi Ilenb, IIOKasaHHas Ha puc. 7.11, MOKeT BBIMJIAAETh KaK Ha
puc. 7.14.

Decrement
o1 CT
ol QD Cycle
RESET W -
10— P

Puc. 7.14. Hzo6paxkenue nekpementHoro cueruunxka 8 MULTIPROG

Bxonx RESET 3pecs monyuaer sHauenue MCTWHA HemocpencTBeH-
HO OT IIMHBLI nuTauusa. Takasa cxema HarJIsggHee, HO IPHUEMJIEMA TOJIb-
KO [IJIs1 JIOTHYeCKUX MepeMeHHBIX. AHAJOTOBbIe IIepeMeHHbIe BCe PaB-
HO He BHOUCHIBaIOTCA B maeosoruio LD u TpeOyiOT HelocpeacCTBEHHOE
IpuCBanBaHUeE.

dyuxnusg nian QYHKIIUMOHAILHBIN 00Kk B LD paccmarpuBaioTcs
KaK MCIOJIHUTEJbHOE YCTPOMCTBO — aHaJsor peiye. [IpumeHenue QyH-
Ky (pakTuyecKW o3HauaeT KoHen LD-mmarpammbl m Hauaao FBD.
ITpaBuna moctpoenus LD-guarpamMm 3mech yke He padoTaioT.
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ITomumo Bxoma EN, crammapTt mpeajiaraeT omnpenejaThb IS QyHK-
muii u pmomoauuTeabHbIN Bbixom ENO (Enable Out), mokassiBaroruia
JaJbHeliliee MPoxXosKaeHWe Toka B menu. Beixom ENO mossuica B
pemaxknuu cramgapra 1993 roma, HO He saBJIsdeTcsS 00sS3aTeJIbHBIM.
B CoDeSys Takas BO3MOMKHOCTL He moaaepskuBaercsa. Broixom ENO
IOJIXKEeH CJIYJKUTHh AJA WHAuNKAnuu omwubok B ¢yuHKmuu. B CoDeSys
KOHTPOJIb OIINOOK HCIIOJHEHUsS peajnu30BaH MHaUe.

Ilo ompenesnenuio GyHKIUA NMeeT TOJIbKO OAWH BbIXO[. Biaarogapsa
aTOMY (DYHKIIMM MOYKHO MCIIOJI30BaTh B BhIpaskeHusx ST. DyHKuIunU
¢ pmomosiHUTeNbHBIM BhIXomoM ENO pemator ogHy mpobseMy, HO CO-
3[IaI0T APYTYIO.

7.5.7. LD-guarpaMMsbI B pesKUMe HCIIOJTHEHU S

B pexxume Online oOMOTKHU pejie, KOHTAKTHI 1 IIPOBOAHUKN, HAXO-
mamueca B coctoauuu On (Iox TOKOM), OKpAaIleHBI T'OJyOBIM (IIBEeTa
no ymosiuanuio) nperomM. CoDeSys mo3BosisseT MEHATH 3HAUEHUA JIOTU-
yeckux nepeMmeHubrx (MCTUHA/JIOKDB) HemocpeacTBeHHO B rpadu-
YEeCKOU auarpaMme IBOMHBIM II[EJIYKOM MBI HA WMEHU IIepeMeH-
HOU. 3HAUeHUsS BXOJOB-BBIXOJO0B (PYHKI[MOHAJBLHBIX OJOKOB OTOOpa-
JKAIOTCA YWCJIOBBIMU 3HAUEHUSMU.

Touka ocTaHOBA MOXKET YCTaHaBJIMBATHCA TOJBKO IEJIUKOM Ha
nmens. [y ycTaHOBKU MK cOpoca TOUKU OCTAHOBA HEOOXOLUMO IIeJ-
KHYTH MBIIIBIO II0 HOMeDPY Ilenu. B pelxmme ocTaHOBa HOMED IeNN
nozicBeueH KpacHBIM. IlomaroBoe — 1o OmgHOI Iieny BHIIOJHEHUE J0-
cTuraerca KomasHjgamu «Step over» u «Step in».

7.6. ®DyHKIIUOHAJbHBIE OJIOKOBBIE THATPAMMBbI
(FBD)

7.6.1. Oroopaskenue POU

Huarpamma FBD cTpouTcss M3 KOMIIOHEHTOB, OTOOpa’KaeMbIX Ha
cxeMe npamoyrojabHuKamu. Bxomabl POU wuzobOpaskaimTcsa ciieBa OT
OIPAMOYTOJbHUKA, BHIXOJbI CIIpaBa. BHYTpU MPAMOYTOJbHUKA YKa3bI-
Baerca tun POU u HauMeHOBaHUS BXOIOB UM BBIXOHOB. I SK3eMII-
JApa (QYHKIIMOHAJIBHOTO OJIOKA €ero HauMeHOBaHUE YKa3bIBAETCH
CBepXy, Haj NPAMOYTOJLHUKOM. B rpaduyeckux cucremax IIporpam-
MUPOBAHUSA IPAMOYTOJbHUK KOMIIOHEHTA MOKET COIep:KaTh KapTHUH-
KV, OTPa’KaIoIlyo ero Tum. Pasmep NpsMOyroJbHUKA 3aBUCUT OT YUC-
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Jia BXOJI0OB M BBIXOJOB U YyCTAHABJIMBAETCA IpaUUeCKUM PeIaKTOPOM
aBTOMaTHYeCKHU. IlpuMep rpaduuecKoro mpeacTaBIeHUS SK3EeMILIAPa
Blinker ¢yuxnuonansaoro 6ioxka BLINK man ma puc. 7.15.

Blinker

BLINK
— ENABLE OUT|——
— TIMELOW Ny
— TIMEHIGH 7Q

Puc. 7.15. Tpacdwuueckoe mpeacraBiieHHe dK3eMILIAPA (PYHKIIUOHAJIHHOTO
0JI0Ka

IIporpamma B FBD He 06sA3aTeqbHO MOJMKHA IPEACTABIATL 0OJb-
mryio egunyio cxemy. Kak u 8 LD, nuarpamMmma o6pasyeTcsa u3 MHOKECT-
BAa IIemeli, KOTOPbhIe BHIMOJHAIOTCA OJHA 3a APYTOMH.

B CoDeSys Bce nmenu ogaoro POU orobpaskaroTcsa B equHOM rpadu-
YeCKOM OKHe, IIPOHYMEePOBAHHBIE U Pa3JesieHHbIe TOPU30HTAIbHBIMU
auHuAMHU (puc. 7.16). 3HaUeHUSA MepPeMeHHBIX, BHIUNUCJIEHHBIE B OJ-
HOI IIeNH, JOCTYIHBI B MOCJEAYIONIUX IeNIAX Cpa3y B TOM Ke paboueM

MuKJIe.

I [=] B3

“4 PLC_PRG [FRG-FED)
0001|PROGRAM PLC_PRG
D002[VAR

0003|  Trigl: R_TRIG;
Trig2: F_TRIG;

=2
=
-y
L
5
0 2 Y N 1

Trigl Timerl

R_TRIG OR TOF
Observer—CLK Q IN Q—Oo——Warning

I Trig2 T#10s4PT  ET—
F_TRIG
CLK 4]

Observer—

Timer?2
TON
Warning—IN Q—
THE~_IDT FTL __
3

Puc. 7.16. [Ouarpamma FBD u3 nByx memeit
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7.6.2. CoenuHuTEIbHBIC JINHUN

IIpamoyroasauku POU B FBD coenunens! sunuamu cBasu. Coedu-
HeHUs WMeIOT HaIllPaBJIEeHHOCTL CJeBa HampaBo. Bxom GJIOKAa MOKeT
OBITH COEAMHEH C BBIXOAOM O0JIOKA, PACIOJIOXKEHHOrO cjeBa OT Hero.
IToMmuMoO 9TOTO, BXOJ MOXKET OBITH COeAMHEH C IepeMeHHON MU KOH-
crauToii. CoefvHeHNE NOJKHO CBS3LIBATH IE€PEMEHHbIe WJN BXOABI U
BBIXOJBI OJHOrO THUIIA. B OT/iMUMe OT KOMIIOHEHTA IepeMeHHas u300-
paskaeTcs Ha guarpamMme 0e3 nmpAMoyroybHOi pamku. Illupuna coemqu-
HuTeabHOU JuHUU B FBD poau He urpaer. CTaHmapT AOIyCcKaeT HCIIO-
JIb30BAHNE COEIUHUTENbHBIX JUHUN PASHOM IUPUHBI U CTUJISA IJIsSI CO-
eIVHEeHUI PasHOTO THUIIA.

7.6.3. Ilopanok Beimoauenuss FBD

Boinoanenue FBD-1iemeli uaeT cjieBa HaIIpaBo, cBepXy BHU3. Biio-
KU, PACIIOJIOKEHHBIE JieBee, BBIMIOJHAIOTCSA PaHbIne. BJIOK HauwHAET
BBIUUCJIATHCS TOJBKO IIOCJIE BBHIUMCICHUS 3HAUEHUI BCEX €r0 BXOJOB.
HanpHeile BBIYUCJIEHUS He OYAyT MOPOJOJIMKEHBI 0 BBIYUCJIEHUS
3HAUEHWI Ha BCeX BBIXOMaX. pyrmMu cjoBaMU, 3HAUEHUSA HaA BCEX
BBIXOZIaX Ipad)uuecKoro 6JI0Ka MOABJAIOTCSA OTZHOBPeMeHHO. Brrunciie-
HUe I[eIlN CYNTAETCS 3aKOHUYEHHBIM TOJILKO IIOCJIe BBHIUMCJICHUS 3HAUEe-
HUI HA BBIXOJAX BCEX BXOAAININX B HEe 3JIEMEHTOB.

B HeKOTOpBIX cucTEMax IPOTPAMMUPOBAHUA IIOJIb30BATEIb MMEET
BO3MOKHOCTb CBOOOIHO IIePEIBUTaTh OJIOKM C COXPaHEHUEM CBs3el.
B sToM ciyuae opreHTHPOBATHCSA HYKHO UCXOMIS U3 IMOPAIKA COeqUHe-
auii. PegakTop FBD CoDeSys aBTOMaTuuecKu paccTaBjiseT OJIOKU B
HOPsKe BHIIOJHEHU.

7.6.4. UuBepcus JOTHYECKUX CUTHAJIOB

Hneepcus nozuueckozo cuenana B FBD m3obpaskaerca B Buue
OKPYKHOCTH Ha COeIWHEHWM, IepeJ BXOAOM WJaW IiepeMeHHOUn. WH-
BepCUA He SBJAETCS CBOMCTBOM CAMOTO OJIOKA WM MOMKET OBITH JIETKO
mobaByeHa MM OTMEeHeHa HemocpeacTBeHHO B auarpamme. B CoDeSys
aTo mesnaercs KomaHmoi «Negate». Ha puc. 7.16 Buixon Q sK3eMILIs-
pa dyuknuonanbuoro 6oka TOF nuBepTUpyeTca mepe IpUCcBOeHUEM
ero sHaueHus nepeMenHou Warning.

7.6.5. Coequuurenn u o0OpaTHbie CBA3HU

Coedunumenu (connectors) mpemcTaBaAOT cO60M ITOMMEHOBAHHOE
coeIMHEHNE, KOTOPOe MOYKHO pPasopBaTh U IIEPEHECTU B CJIEAYIOIIYIO
menb. Taxkoii mprueM MOKET MOHAJ0OUThCA IIPU OTPAHUUYEHHOUN IIMUPH-
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He okHa pemakTopa FBD. B CoDeSys mmmpuHa okHa He OrpaHUYeHa,
TIOATOMY COEIMHUTEJNN 3[eCh He HY KHBI.

CrammapT He 3ampellaeT COeIMHEHUs, UAYIIHe C BbIXoja OJIOKa
Ha CBOW BXOM UJIM BXOJ paHee HCHOJHAEMBIX 6J0K0B. OOparTHasd
CcBA3L He obpasyer MuKJ, mogoousiii FOR, mpocTo HEKOTOpPOE BHIULC-
JIEHHOe 3HaueHue IOCTYIUT Ha BXOM IIPU CJIEAYIOI[eM BBLI3OBe Iua-
rpaMMbl. @aKTHUUECKU 9TO O3HAUYAeT HeABHOE COo3JaHUe IepeMeHHOH,
KOoTopas COXpaHsSeT CBOe 3HaueHWe MeKIy BBI30BAMU AUArpaMMBbI.
Hna ycTpaHeHUs HEOQHO3HAUHOCTY He0O0X0IMMO IPUCBOUTH Ge3omac-
HOe HavaJbHOEe 3HaueHUe MepeMeHHOIl obpaTHo# cBa3u. Ho Kax aTo
clesaTh IJis TIepeMeHHOIi, KoTopas He 0o0bsaBJIeHA B ABHOHW (opme,
HEIOHATHO?

B pemaktope FBD CoDeSys oOpaTHble COeIUHEHUS 3alpelneHbl.
Hnsa cosmanuss OOpPATHOM CBA3W WCIIOJbB3YHUTE SABHO OOBABIEHHYIO
BHYTPEHHIOIO ITIePeMeHHYI0.

IIpu HeoOXOAMMOCTH IIepeHOca WUJIW Pa3BETBJEHUS COeAUHEHUS B
IpyTrue Ienr TaK:ke HeoOXOAMMO MCIIOJIB30BATh IPOMEXKYTOUHBIE JIO-
KaJbHbBIE IIePEeMeHHEIe.

7.6.6. MeTKu, nmepexoasbl M BO3BPAT

ITopsamok BwuimoaHenus FBD-memeii muarpaMMbl MOYKHO IPUHYIH-
TeJILHO U3MEHATD, UCIOJb3YA METKU U IIePEeXOAbl, TOYHO TaK Ke, Kak
U B peJefiHBIX cXeMax.

MeTka cTaBUTCA B HayvaJie JIIOOOU e, ABIAACH, IO CYTU, HAa3Ba-
HUeM JaHHOI Ienu. llems MOMKeT comep:KaTh TOJIBKO OTHY METKY.
MmeHa MeTOK IIOAUYMHEHBI OOIIUM IIPABUJIAM HAWMEHOBAHWUS WUAEHTHU-
duraropoB MIOK. I'padpuueckuii pefakTop aBTOMATHUUYECKU HYMEPYeT
enu guarpaMMbl. 9Ta HyMepalus IPUMeHseTCsA UCKIIOUNTEIbHO AJIs
JIOKYMEHTUPOBAHUSA M HE MOXKET 3aMEHSTh METKU.

Ilepexon 00s3aTeILHO CBA3AH C JIOTUYECKOM IIePEeMeHHOII 1 BBIIOJI-
HAeTcA, ecan nepeMeHHaa nmeeT 3HaueHne UCTUHA. [Ina cosganusa
0e3ycJI0BHOTO mepexona mucmoabadyerca KoHctanTa UCTUHA, cBssaH-
HasdA ¢ mepexogom. MeTku u nepexoasl B FBD mpexacrasiieHbl B IpuMe-
pe, mokasaHHOM Ha puc. 7.17. Ob6paTuTe BHUMAHUE Ha IIOCJIEIHIOIO
memnb Ha puc. 7.17 — oHa ABasgeTcA mycrtoii. Ilycrasd 1mens obos3Haua-
eTcs enuHCTBeHHOMN KoHcTanToi TRUE.

Omnepatop BozBpata RETURN wmoixkHO mcmosab3oBaTh B FBD Tak
JKe, KaK U Iepexoj Ha MeTKY, T. €. B CBA3Ke C JIOI'MYeCKOl IIlepeMeH-
HOIi. Bo3BpaT mpumBOAUT K HeMeAJEHHOMY OKOHYAHWIO PabOTHI IPO-
rPpaMMHOTO KOMIIOHEHTA U BO3BPATy Ha BEPXHUI YPOBEHb BJIOMKEHUMH.
Js1 OCHOBHOM ITPOTpaMMBbI 9TO Hayasio pabouero rukiaa ILJIK.
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0001

LT

State ———— > NEXT_STEP

10—

0002

MOVE

0— — State

0003

TRUE——{>> END_STEP

0004

NEXT_STEP

ADD

State — ——— State

0005

END_STEP

nycTas uenb

TRUE

Puc. 7.17. Metku u nepexoas: B8 FBD

7.6.7. Beipaskenua ST B FBD

CoDeSys mosBoasieT 3anuchiBaTh Bhipaskenusa ST Ha Bxoge rpadu-
yecKux 6yiokoB. Takoii mpueM pacmupsAeT craugapTebiii FBD u uac-
TO OKasbIBaerca gocrarounHo ynobubiM. KomnakrTaas dopma mpen-
CcTaBJIEHUs BBIPDAKEHUII o0JeruaeT 3amuch U dTeHUe (QYHKIMOHAJID-
HBIX UarpaMM.
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MOD LT AND
(Var1+Var2)/2 — —

10 — 5 — b1<>b2 —]

Puc. 7.18. dparment FBD-guarpaMmel ¢ BbIpasKeHUSIMUA

7.7. IlocaemoBaTenbHble (DYHKIIMOHAJIbHBIE
cxembI (SFC)

7.7.1. Illarn

Jlio6asa SFC-cxema cocTaBiisgeTcs U3 9JIEMEHTOB, IIPEeACTABIAIONTIX
IIaru M ycJaoBUsA mepexonoB (cMm. puc. 7.19). Illaru mokasaHbl Ha cXe-
Me IpaMoyroiabHUKaMu. PeanbHad pabora mrara (IelicTBHUA) OIUCHIBA-
eTCs B OTJIeTbHOM OKHE CHCTEeMbI IPOTPAaMMUPOBAHUA U HE OTPaKaeT-
ca Ha pguarpamMme. O HasHaueHuu mara SFC roBopuT TOJIBKO €ro Ha-
3BaHUE WJIU, €CJIM STOT0 He JOCTATOYHO, KPATKOE TEKCTOBOE OIUCAHUE
(KoMMeHTapuii).

IITaru Ha cxeme MOTYT OBITH
MYCTBIMHU, YTO HE BBI3BIBAET OIIUO-
KM IIpU KOMIWJIAIUN HPOEKTAa. Heating
IlycThie 1mIaru ABJIAIOTCA HOPMOU
IpHU IPUMEHEeHUN IIPOrpaMMUpPOBa-
HUS CBEpXy BHU3, XapaKTEpPHOTO
nnsg SFC. OmpepmenauTb aeiicTBUA,
COOTBETCTBYIOIIIVE IIIary, MOKHO B
awboe Bpemsa. Her muuero yausu-

i Ready

HarpesaHve

Digestion [o3peBaHve

TEJbHOTO, €CJU IIyCThIe IIaru
OCTaHyTCA M B 3aKOHYEHHOM IIPO-
eKTe. 3ajaveil IIyCcTOro Iara sB-
JIAETCS OXKUOaHUe Iepexoja.

Puc. 7.19. Illaru u nmepexoasl

7.7.2. Ilepexoanl

Hwuke 11ara Ha COeIUHUTEIbHON JIUHUU IIPUCYTCTBYET TOPUBOHTA-
JbHasa uepTa, obo3Haualomiasa mepexos (cM. mpumep Ha puc. 7.19).

VcaoBuem mepexoga MOMKET CJHIYKUTh JIOTMUEecKas IlepeMeHHasd,
JIOTMUECKOe BBIpaKeHNe, KOHCTaHTa WU IPAMOM aapec.

Ilepexo/ BBIMTOJHAETCA IPU COOMIOAEHUN NBYX YCJOBUIA:

1) mepexoj pasperiieH (COOTBETCTBYIOIIUNA eMy Iar akTHUBEH);

2) ycnoBue nepexona umeer suauenue | RUE.
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IIpocThle ycioBus 0TOOpaKaIOTCA HEIOCPEACTBEHHO Ha AMarpaMMe
cIpaBa OT uepThl, o0o3HavawIuil nepexon. B CoDeSys nHa nuarpamme
MOXKHO B3aIlMChIBATh TOJILKO BhIpaskeHusa Ha asbike ST (T1 > 50 mHa
puc. 7.19).

g rpoMoO3IKUX YCJIOBUI NMpUMeHseTcA APYyroil moaxon. Bmecrto
YCJIOBUSI HA AMarpaMMe 3allMChIBAeTCA TOJNBKO UAEHTU(MUKATOP Iepe-
xoma. CamMo »Ke yCJIOBHE ONMUCHIBAETCS B OTHEJIBHOM OKHE C IIpUMeHe-
aueM asbika IL, ST, LD uau FBD.

Ha pwuc. 7.20—7.23 moxasaHbl YeTbIpe BO3MOJKHBLIX IIpeCcTaBJIe-
Husa nepexoga Ready Ha pasHbIX A3BIKaX.

IlepemenHbIe MU NPAMbBIE afpeca UCIOJb3YIOTCA B YCIOBUU IIEpe-
X0Jla TOJBbKO IJIsI YTeHUs. B yCJIOBHOM BBIPAKEHWU IIepexoja HeIb3sd
BBI3BIBATH 9K3EMILIAPHI (DYHKIMOHAJIBHBIX OJIOKOB UM MCIOJIb30BaTh
oIepalnio IPUCBaUBAHUSI.

IIpusHakoMm TOTO, UTO HAEHTU(MUKATODP MEepexoja Ha AuarpaMmme
SABJISAETCA OTAEJHHO PeaJn30BAHHBIM YCJIOBUEM, a He IIPOCTOM JIoThYe-

CKOII ITIepeMeHHOI, CJY:KHUT 3aKpallleHHbIA yroJ 1mepexoza (cM.
puc. 7.19).

% Transition Beady [LD) I =] B
0001,
bDigEnd BX1
___4 1 11
I 11
BXZ
A [ ]

Puc. 7.20. Ilepexom Ready (LD)

4 Transition Ready O] x|
ooo1
OR AL
hDigEnd—
h¥zH h¥14
A ]

Puc. 7.21. Ilepexom Ready (FBD)
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%, Transition Ready (IL] =] E3
o001 LD bligEnd

000z OF iz

0003 AT bX1l
K| D

Puc. 7.22. Ilepexom Ready (IL)

0001 | (bDigEnd OF bXZ) AND b1
ao0z
ol s

Puc. 7.23. Ilepexox Ready (ST)

B kauecTBe yCJIOBHUA IIepexofa MOXKeT ObITh 3aJaHa JoruuyecKas
koHcTaHTa. Eciu samano TRUE, To miar 6yaer BBITOJTHEH OJHOKPAT-
HO, 3a OJWH pabouuii ITUKJ, Jajiee yIpaBJieHUE IepeieT K cJaeayio-
memy mary. Ecau samamo yciaoBue FALSE, To mar Gymer BbIIOJIHS-
ThCsA OECKOHEUHO.

7.7.3. HauajgpHbIN mar

Kaxxknaa SFC-cxema HaumHaeTcA C IIara, BBIJEJIEHHOTO rpaduue-
CKU OBOMHBIMU BEPTUKAJILHBIMU JUHUAMU WJIU 10 BCEMY IepUMeT-
py. 910 — HauaavHblil waz (puc. 7.24). HaumeHoBaHUe HavYaJIbHO-
ro Iara MOXKeT ObITh ITPOM3BOJBHBIM (0o ymosiyaHuio Init). Haua-
JBHBIN IIIar IIPUCYTCTBYeT 00s3aTeIbHO, XOTS U MOXKeT OBITh
TYCTBIM.

Reset

—— TRUE

HarpeBatue
Heating

Puc. 7.24. Hauaasabeii mar Reset




152 Tmasa 7. dzpikn MOK

7.7.4. IllapanienpHbie BeTBU

Heckoabpko BeTBeit SFC moryr ObITH mapajiaeiabHbIMU (puc. 7.25).
ITpmsrakom mapajieIbHBIX BETBEH Ha CXeMe SABJIAETCSA ABOWHAA TO-
pusoHTaNbHAA JUHUA. Kakgad mapaJijenbHas BeTBh HAUMHAETCA U
3aKaHumBaercs ImiaroM. To ecTh ycjIoBHE BXOZa B MHapajiebHOCTD
BCeTZia OJHO, YCJIOBME BBIXOJMA TOXKE OJHO HA BCEX.

—

Digestion Shaking

T TRUE

Mixing

=|

—T- Ready

Puc. 7.25. IlapanneabHble BETBHU

IlapanmesbHble BeTBU BBIIOJHSIOTCA TEOPETUUECKU OJHOBPEMEH-
HO. B KuU3HM 39TO 0O3HAUYaeT — B OOZHOM paboueM ITMKJe, cjeBa Ha-
mmpago.

YcaoBue IIepexoma, 3aBepIIIamwIlee IapajljieJIbHOCTb, IIPOBEPAETCA
TOJIBKO B CJIydae, €CJI1 B Ka}KILOI;'I HapaJIJIeJILHOfI Be€TBU aKTHUBHBI IIO-
CJIeqHue Inaru.

B mamHOM mpumepe (puc. 7.25) Shaking OymeT BBLIIOJHEH OIHO-
KpaTHo, mnainee Digestion u Mixing O0yayT paboTaTh mapajieabHO 10
BBIIOJIHEHUA ycyoBusa Ready.

7.7.5. ArbTepHATUBHBIE BeTBU

Heckonbpko BeTBeit SFC MoOTyT OBITH ANbMEPHAMUBHLIMU 6EME5L-
mu. IlpysHakoM aabTePHATUBHBIX BETBEI Ha CXeMe SBJIAETCA OnMHap-
Had TOPM3OHTaJbHAA JuHUA. Kakjasa ajlbTepHATHUBHAsA BETBh HAUU-
HaeTcsA W 3aKaHUMWBAaeTCs COOCTBEHHBIM yCJOBMEM Imepexoxa. IIposep-
Ka aJbTepPHATHUBHBLIX YCJOBUU BBINOJHSETCS CJieBa HampasBo. HEciu
BEPHOE YCJIOBUE HAWAEHO, TO IPOUYNEe aJIbLTEPHATUBLI HE paccMaTpUBa-
oTcA. B anbTepHATHUBHBIX BETBAX Bcerjga paboTaeT TOJIBKO OJHA U3
BeTBell, IOATOMY €e OKOHUaHue W OyAeT 03HAuaTh IIepexon K CJeayio-
meMy 3a aJbTePHATHUBHON T'PYIIIION IIary.
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B mamnom mpumepe (puc. 7.26) anprepHaTmMBa Stop OINEHUBAETCA
nepsoii. lllaru Move Dwn u Move Up mMeIOT IIaHC CTAaTh aKTUBHBI-
MU, TOJBKO ecau Stop paBen FALSE.

—— Stop —— Down — Up

Move_Dwn Move_Up

—+x<-10 —+ x>20

Stop_motor

Puc. 7.26. AnbpTepHaTHBHBIE BETBHU

Ilpu cosmanmm abTEePHATUBHBIX BETBEH JKeJaTeJIbHO 3a/aBaTh
B3aMMOUCKJIIOUAIOIEe YCI0BUsSA. B dTOM ciiyyae BEPOATHOCTH JTOIYC-
TUTH OIMMOKY IPU aHaNW3e UJIU B IIpoliecce AOPAOOTKU AuarpaMMbI
3HAUUTEJIbHO HUKE.

7.7.6. Ilepexon Ha MPOU3BOJIBHBIN IIAT

B ob6miem cayuae SFC-cxema BhIIOJIHSAETCA cBepxy BHu3. Crangap-
TOM JOIYCKAaeTCs CO3JaHUe nepexo006 HA Npou3éonbHblil waz. Hisa
9TOTO IPUMEHSIOTCS COEIUHUTEJNbHBIE JUHUU C IIPOMEKYTOUHBIMU
CTpeJIKaMU MM IIOMMEHOBAHHBIE Mepexonbl. To ecTh IMepexoj BBIIMOJI-
HJeTCA Ha IIar, MMs KOTOPOr'0 YKa3aHO IOJ CTPeJKoIi. B aHrioAssru-
HBIX MCTOUHMKAX IMepexXoJ Ha MPOM3BOJILHBIN IITar HA3LIBAETCS «IIPbI-
JKOK» (jump).

B npumepe, nokasarHoM Ha puc. 7.27, maru Move_Dwn u Mo-
ve Up mocjefnoBaTeJIbHO aKTUBUPYIOT IPYT Apyra. 3amMeTbTe, UTO
ycaoBue Stop mpW 9TOM HPOBePAThCsA He Oyner, maru Move Dwn n
Move Up coeguHeHBI B JOTUYECKOE KOJIBII0, MMeIOIlee 2 BapuaHTa
BXO/Ia, HO HU OIHOII BO3MOYKHOCTH BBIXOZa. MapKep aKTHBHOCTU OY-
JIeT IepeMeIaTbCss UCKJIUYNTEIbHO B 9TOM KOJIBIIE.

IIpbI:KOK M3 OLHOI BETBU IIapajliejIbHOTO 0JIOKA HAPY’Ky BBLI3HIBA-
eT 3(pdeKT pasMHOKeHUA MapKepa. [IPpBIKOK BHYTPDH MapajjiebHOTO
0JI0Ka HapyIllaeT mapaJjiebHOCTh BeTBel. I10100HbIX TPIOKOB HEOOXO-
IUMO 130eraTh.
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—— Stop —+x<=0 —+x>0
Move_Dwn Move_Up
—+ x<-10 —+ x>20
L > L >
Move_Up Move_Dwn

Stop_motor

Puc. 7.27. IlepekpecTHble MOMMEHOBAHHBIE IEPEXObI

7.7.7. Yupomennsiii SFC

ITomuMo paccMmoTpeHHOIT Hu:Ke crangapTHoui MOK-Texmomoruu
cBA3U ITaroB u AeticTBuii, B CoDeSys peanms3oBaHa yOpoIeHHas pea-
ausanusda (easy mode SFC). CmbIcs ee 3aKa0UYaeTCsA B MIPpUMeHeHnun 00-
Jlee IIPOCTOr0, KOMIIAKTHOTO M OBICTPOro mocjemoBartesbHoro SFC-uc-
nonuuTeada. [loMmumMo 3TOrO, caMM AMArpaMMBbI HOJIYUAIOTCA KOMIAKT-
Hee UM YacTo IIpoIle A IIOHMMAaHUA. DBe3ycJaoBHO, BO3MOKHOCTU
VIPOIIEHHOH peajns3aliui HeCKOJIbKO yiKe — HeJIb3s BKJIOUATh U BbI-
KJII0YaTh Oelicmaeus B PA3HBIX Iarax U YIPaBJISATh aKTUBHOCTBIO Jeii-
CTBUH 110 BpEeMeHU.

HeficTBus MOTYT OBITH TPeX KJIACCOB — TeKYyIllee, BXOMHOE U BBI-
xonHoe. 'papuuecku JeiicTBUSA Ha AuarpaMMe HUKaK He oToOpaska-
I0TCA, WX DpPEeJaKTUPOBAHWE BBHIIOJIHAETCA B OTJAEJbHBIX OKHAaX.
B ympormenHo# peanusanuu geficTBUA OpuHALJeskarT mary. To ecThb
JelicTBUe HeJNb3s BBIZBATH M3 JPYrOro Iara WX OTKYyHa-aubo elre.
MosxHO cumTaTh, UTO KaKIAbIil IPAMOYTOJBHUK IlIara IPU €ro yBeJu-
YEeHHOM PACCMOTPEHUU COJEP:KUT 3 pasfesia, COOTBETCTBYIOIINE TPEM
BO3MOXKHBIM JAelicTBUAM. Ecam miar yaaauTb, TO U BCe ero HNelCTBUS
OynyT yrpauenbl. He yaAuBUTENIbHO, YTO TaKue NEUCTBUA HEe TPEOYIOT
OTIEJNbHBIX UAeHTU(GUKATOPOB U HA3BIBAIOTCA II0 MMeHAM IIaros.

a5 cosmaHMA HOBOTO MUJIU PENAaKTUPOBAHUSA CYII[ECTBYIOIIETO JIeii-
ctBusi B CoDeSys moCTaTOYHO IIEJTKHYTH MBIIITKON 10 IPAMOYTOJbHU-
Ky mara. OTO IIPUBEAET K OTKPBITUIO COOTBETCTBYIOIIErO PemaxKTopa
WJIV BBIBOBY [AUMAJiora CO3TAaHWUsS HOBOTO NEHCTBUA, €CJIU IIar eIfe He
oITvcaH.

Ha pwuc. 7.28. mokasaH MOMEHT oIIpelejieHUsA AeHCTBUSA Iara
Digestion (IlospeBanmue).
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=
0003 Ti:INT: =
Y

4 4

| Mame of the Action;  Action Digestion

Heating Harpeeauue | | anguage of the Action
L
o LD Cancel |
—T1> 50 e FeD
 SFC
& 5T

Digestion |[lospesanue
’ " CFC —

T Ready

|4

Puc. 7.28. CosgaHme HOBOro ONMCAHMS IIara

Ilaru, comep:kaliiue OeiicTBHE, HAa CXeMe OTJIMYAIOTCSI TeM, UTO
BEPXHUU IPaBbIA yTroJl MIPAMOYTOJbHIKA 3aKparined. [loka mar akTu-
BeH, TeKyllee aelicTBue Oy/eT BBINOJHATLCA OAUWH pa3 B KayKIOM pa-
boueM ITUKJIE.

BxoonbLe u 6bLx00HbLE Delicmeus

Becbma BeposATeH ciaydaii, KOrma oIpeAesieHHbIe MeHCTBUA HYIKHO
BBITIOJTHUTH B IIare TOJbKO oamH pas (puc. 7.29). Hampumep, BKJIIO-
YNTh HArpeB B Hauajle aKTUBHOCTH IlIara ¥ BBIKJIOUUTDL IIPU IIE€PEXO-
ne Ha apyroi mar. C aToi IeJbi0 W IPeayCMOTPEeHbl BXOJHOE U BBI-
xXonHoe neiicTBus. BxomgHoe peiicTBue obosHauaercsa cermenTom ‘E’
(Entry) B HM;KHEM JIeBOM YTy NPAMOYTOJbLHHKA ITara M BBITIOJHS-
eTcsd ONHOKPATHO TPHW aKTUBU3AI[UU ITara. BbIXomHoe 0003HauaeTcs
cermeuToM ‘X’ (eXit) B HMIKHEM JIeBOM YIJIy IPSAMOYTOJbHUKA IIara.
BrixogHOoe melicTBUE BBIMIOJNIHAETCSA OJHOKPATHO IIPW 3aBEPIIIEHUM pa-
0OTHI IIIara.

Heating HarpeBatrue

?|||7

Puc. 7.29. Illar ¢ BXOOHBIM ¥ BBIXOXHBIM AE€HCTBUIMHU
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Mexanu3m ynpaenenus uLazom

Haa ramxmporo mara CoDeSys cosmaeT mBe JIorTUYecKUe MEPEMEH-
"eie. [lomycTuMm, 1miar HasbiBaerca Stepl. IIasa Hero OyayT ompezeJe-
HBI epeMeHHble _Stepl u Stepl. O6bsABIEeHUA ITePeMEHHBIX ITPOUCXO-
IAT HEeABHO, T. €. B pasjeiie 00bABICHUN HUKAKUX JOIMOJHUTEIbHBIX
3anucell feyaTh HeHYXHO. IlepeMeHHasa ¢ JIUAUPYIONIUM IIOAUePKUBA-
aHueM (_Stepl) mosyuaer sHauenume TRUE, Korga mar akTUBUPYeTCS
(BXOmHOE yCJIOBHE BBIIOJHEHO), U cOpachIBaeTcA NIPU JeaKTUBAIIUU
(cpa3y mpu BBINIOJIHEHUU BBIXONHOTO yciioBus:A). Ilepemennasda 6e3 mon-
yepkuBaHua (Stepl) oTcTaer Ha OqUH pPabOUMil IUKJ, T. €. IOJyYaeT
suauenre TRUE mocie BbIMOJIHEHUS BXOOHOIO AeiicTBUS 1 cOpachIBa-
eTcsA TIOCJie BBITIOJHEHUWS BBIXOAHOTO AelicTBusaA. KoMOuHAIUM ABYX
aTux nepemeHHBIX (_Stepl, Stepl) mociegoBarenbHO 00pasyooT 4 BO3-
MOJKHBIX COCTOAHUSA m1ara: He BbimosiHAeTcA (00), BXomHOe meiicTBUE
(10), rexymtee meticrBue (11 u 10), Beixoxuoe neiicrue (01).

HaHHBIE TTepeMeHHbIe MOYKHO HCIIOJIb30BaTh AJIS OIPeAeeHus aK-
TUBHOCTH IIIara, HallpuMep, C IIeJIbl0 CUHXPOHU3AIINHU IapajiebHbIX
BeTBeit (puc. 7.30). Tak, B caemyroinem mpumMepe 1mar Step4 He MoKeT
OBITh 3aKOHUYEH paHbIlle, ueM Step2.

—

Step2 Step4

+x>5 -T- NOT Step2

Step3 Step5

'=I

Puc. 7.30. CHHXpPOHHM3AIUA LIATOB

st mocTyma K mepeMeHHBIM Iara BHe JAaHHOTO KOMIIOHEHTA U U3
oTJIafuMKa UX HEe0O0XOAWMO O0BABUTH KaK JIOTUUYECKNE IepPeMeHHBIEe.
IIpenBapuTesbHasa ycTaHOBKA IepeMeHHBIX (_Step) mraros B oTJagum-
Ke JTaeT BO3MOJKHOCTH OBICTPO IIEPENTH K OTJaAKe KaKoro-Iubo ompe-
[IeJIEHHOTO COCTOSHUA cucTeMbl. O0paIaThcsa K IepeMeHHbIM II1ara Ha
3aliCh B IIOJIb30BATEJIBCKOHM IPOTrpaMMe HeJIb3s. OTO IIPUBENET K
Tomy, uro SFC-guarpamma 6ygeT paboTaTh COBCEM He TaK, KakK CJIemy-
eT u3 ee rpad)MUeCKOro mpeicTaBJIeHns, YT0, 0e3yCIOBHO, IIPOTUBOPE-
yut camoii unee SFC. Ha camom gese, 3amuch He 3ampelieHa, HO HC-
0JIb30BaTh Ty BO3MOXKHOCTD KeJIATEJbHO TOJbKO B I€JISIX OTJAIKHU.
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Onucanublil yupolineHHblr mexanusm SFC npogpoxaer paboraTh 1
npu ucnoabzoBanuu MOK maros. To ects CoDeSys mosBossieT B Jio-
60oe BpeMsdA MOAKJIIOUNTL HoJHBIM SFC mcmosHuTen b, 6e3 Iepemenku
TOTO, UTO YK€ Peajn30BaHoO.

7.7.8. Craugaprabeiii SFC

Brimmeoncanuasi ympollieHHasa TeXHWKa HacTpawBaeT HA TO, UTO
M3HAYAJIBbHO OIIPENeIAI0TCA IIaru, KOTOPble HATIOJNHAIOTCA OIIPeIeIeH-
HBIM COZEPKUMBIM B Ipollecce PaboThI HaJ IIPOEKTOM.

ITpu npumenernuun MOK-melicTBUiI mOAXOA HECKOJbKO mMHOK. CHa-
yajga oIpefeasaoTcs meificTBus (BUIbI pabOT), KOTOPbIE€ MOJIMKHA BBI-
HOJHATH CUCTEMA, a 3aTeM ysKe COCTaBJIsIeTcs AuarpaMMa, B KOTOPOit
ompefiesisgeTcd WX IMOPAMOK UM B3aUMOCBA3b. Kakmoe melicTBHMe COIIO-
CTaBJIAETCA ONHOMY WJIM HECKOJLKMM Imaram. IIpmuem BIOJIHE BO3-
MOJKHO, UTO HEKOTOPOe AelficTBUEe MOJKHO 3alyCKAaThCs B OJHOM IIare
W OCTaHABJIUBATHCA B ApyroMm. TakKike BO3MOKHO, UTO HaUaToe JeiicT-
BUE MOJIJKHO 3aKOHYUTL CBOIO PabOTy BOOOINe HE3aBUCUMO HU OT Ka-
KuxX IIaros. Hampumep, HauaB ABUKeHHe, KaOumHa JaudTa TOJKHA
KaK MUHUMYM J0€XaTh A0 OJMKaMIero sTaska W BBINYCTUTHL I1acca-
JKUPOB, Jajke ecJid JaHa KOMaHIa Ha OKOHUYaHMEe PaboThI.

HetictBusas MOK mokassiBatorcss Ha SFC-nuarpamMmme B Buje IpaMO-
YTOJBHUKOB, PACIIOJIOJKEHHBIX CIIpaBa OT Iara W IIPUBASAHHBIX K
HeMy rpadudecku. [Ipumep 1m1aroB, comepsKamiux AeHCTBUS, TOKa3aH
Ha puc. 7.31.

Cy1imiecTBEHHO Ba’KHBIM 3/I€Ch SABJISAETCA TO, UTO OLHO U TOXKe Jeil-
CTBUE MOYKHO MHOTOKPATHO HCIIOJIF30BAaTh B Pa3HBIX ImIaraxXx. Tak, B
manHoM mpuMmepe maru Cooling (oxnaskmenue) u Drying (cymika) wuc-
HOJIL3YIOT gAeiicTBuUe air cooling (BosmyinHbIN 004yB). B oTamuue or
ONMCAHHBIX BBIIIE YIOPOIIEHHBIX AelcTBUil, meiictBusa MOK me mpu-
HAAJIE)XKaT KOHKPETHOMY IIary, a SBJIAITCA CAMOCTOATEJILHBIMU IIPO-
rpaMMHBIME 3JeMeHTamMu SFC-KoMIIOHeHTA.

—N air_cooling

Cooling

N wetting
—I—T1 <10

Puc. 7.31. [eiicTBusa
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UnenTuduKaTopsl AeNCTBUH MOJKHBI ObITh YHHUKAJLHBI B IIpeje-
gax xommoHeHTa POU u He DOJKHBI COBIAIaTh ¢ UAHTU(PUKATOPAMU
II1aToB U IIEePeX0/I0B.

7.7.9. Riaccuduratops! geiicTBuii

IIpAMOYroJIbHUK, OTOOpasKalouil meificTBUEe, CONEPIKUT B JIEBOM
YacTU CHenUaJbHOe IMoJjie — Kaaccuguramop (cm. puc. 7.31). Kaac-
cudpurarop (qualifier) ompezmensier crmocob BAMAHUA AKTHUBHOTO IIara
Ha JaHHOe JelicTBUe.

BosMmoskHBI caenyolnye KiaacCuuKaTOPhI:

e N — mecoxpausemoe geiicrBue (Non-stored, puc. 7.32). [TanHoe

nelicTBre OyIOeT BBIMIOJHATHCSA B KaKAOM paboueM IIUKJE, IOKa

aKTHUBEH IIar.

Heictere

Puc. 7.32. HecoxpaHsemoe neiicTBue

e P — umnynabsc (Pulse, puc. 7.33). [eiicTBre BBHIIOJHSIETCA OAWH
pas Ipu aKTUBAIIUM U BTOPOU pas IocJie JeaKTUBAIIUK Iara.

LWar —l—l—

|
i
| i
J-I_Ll-l_

i

[Oeiictere H

Puc. 7.33. HmnyascHoe neiicTBUe

e S — coxpansemoe (Stored, puc. 7.34). [leficTBue aKTUBUPYET-
CcA U OCTaeTcsl aKTUBHBIM 10 cOpoca. [leiicTBue IPOILOIKUT BbI-
MOJIHATHCSA B KasKIOM IUKJE Jaske TOTAa, KOrja Iar yke He

aKTHUBEH.

[Levicteue

Puc. 7.34. CoxpaHeHue neiCTBUSA
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e R — cbpoc (Reset, puc. 7.35). [leiicTBue neakTUBUPYETCS.

LWar 4,—L

[HenctBue

Puc. 7.35. Copoc meiicTus

e L. — orpannuennoe no Bpemenu (time Limited). [leiicTBue akTu-
BHUPYETCS BMECTE C IIIaroM W OCTAeTCSA AKTUBHBIM Ha 3aJaHHOE
BpeMsd, HO He goJbIiie, yem Iar. Ha puc. 7.36 moxasambl ABa
BO3MOXKHBIX CJIyuasi. B mmepBoM ciiydyae AeiicTBUE JeaKTUBUPYET-
Cs 10 MCTeUEeHUN BPEeMeHH’, BO BTOPOM — IIO IIPUYMHE JeaKTHBAa-
MY IIara.

[

Puc. 7.36. OrpaHuueHHOe II0 BpeMEHH [IeiiCTBHE

e SL — coxpansemoe u orpammuenHoe 1o spemenu (Stored and
time Limited, puc. 7.37). [leficTBue aKTUBUPYETCSI BMECTe C Ia-
rOM ¥ OCTAeTCs AKTUBHBIM 3aJaHHOE BPeMs, BHE 3aBUCHUMOCTH
OT AKTHUBHOCTM Imara. [leficTBMe MOXKHO [IeaKTHBHPOBATH MIO-
CPOYHO M3 APYTOTO Iara ¢ KJjaccupuxaropom R.

LWar _I_I—

[LevictBre

i
Bpewms
nencTens

Puc. 7.37. CoxpaHseMoe M OrpaHNYEHHOE II0 BpeMeHH JeliCTBUue

e D — orioxxennoe (Delayed, puc. 7.38). [elicTBue aKTUBUpYeETCS
yepes 3aJaHHOE BPeMs IIOCJIe aKTUBALIUY IIara U OCTAeTCA aKTHUB-
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HBIM, IIOKa aKTHUBEH IIar. ECJII/I arar oxKaxerTcd aKTUBHBIM MEHb-
II1e 3aJaHHOr0 BPEeMeHM, TO AeicTBUe He OyIeT aKTUBUPOBAHO.

LWar |_|
[Levicteue

Puc. 7.38. OrioxxenHoe aeiictsue

e DS — oraoxkennoe coxpansemoe (Delayed and Stored,
puc. 7.39). [leiicTBue aKTUBUPYETCA UYepe3 3aJaHHOE BPEMs IIO-
cjle aKTUBAIlUU Ilara U OCTAaeTCA aKTUBHBIM 10 cOpoca. Ecium
Iar aKTHUBeH MeHbIle 3aJaHHOI0 BpeMeHH, TO AelicTBue He Oy-
IeT aKTUBMpoOBaHO. Ilpu mapaJiielbHOM BBIIOJHEHUHU cOpoca B
IIpoIecce OTCUeTa BPpeMeHH (B APYTOM IIare ¢ KJIacCU(PUKATOPOM
R) meiicTBue He OyeT aKTHBUPOBATHCS.

[eiicteune

Puc. 7.39. OrioxeHHOe coXpaHseMoOe TeicTBUe

¢ SD — coxpausiemoe otio:keHHoe (Stored and time Delayed,
puc. 7.40). [leficTBue aKTUBUPYETCS Yepes 3aJaHHOE BpeMsA II0-
cje aKTUBAIMU IIara, Jajke ecJu Iar yxke He akTueH. Ho ec-
JIX B IPOIlecce OTCUeTa 3aMePyKKU aKTUBAIIUYU BBIIOJHUTL COPOC

LWar J_|
[einctBue

Bpewms
AevicTaust

Puc. 7.40 CoxpaHsiemoe OTJIOKE€HHOE JTeiicTBUue
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(B mpyrom miare ¢ KJjaccuduxkaropom R), To akTHBaInusa He IPoO-
nsoiger. AKTUBUPOBAHHOE [IEeNCTBLME OCTaeTCsd AKTUBHBIM [0
cbpoca.

Knaccupuraropsr L, D, SD, DS u SL TpebyoT ykasaHUsa KOHCTAH-
TeI Bpemernu B ¢opmare TIME. Hanpumep: D T#10s.

Kak BuaHO M3 IpUBENEHHBIX BBIIIEe BPEMEHHBLIX AUarpamMM, KaK-
Jloe aKTUBHOE IEefCTBUE BBHITIOJHAETCA eIlle ONMH pas3 yiKe I0ocje Jeak-
TUBAINN.

Ha puc. 7.41 xax pas mokasad MOMEHT, Korjga miar Init y:xe yrpa-
TUJI aKTUBHOCTD, HO AeticTBue A 0 BBITTOJHSETCA MOCIeTHUN pas. OTo
HeOO0XOAUMO MAJSA TOTO, YTOOBI AefCTBUSA MOTJIM OTPaboTaTh IIOTEPIO
AKTUBHOCTU U BBHIMOJHUTL HEKOTODHIE 3aBEPIAIONINE OIePaIluu.

||=|nu N A0

~q— Transt

sepz HN [ Az |

Puc. 7.41. [leakTMBanus neiicTBUA

OmpeneyuTb COCTOSTHME [OEaKTHUBAIIUM MOYKHO BHYTPH IelCTBUS
myTeM aHajaMs3a IMIpU3HAKa aKTUBHOCTH (IIOAPOOHEe CM. pasmies
7.7.12). Takaa Heo6XOAUMOCTL BO3HUKAET OCOOEHHO YaCTO IIPU pea-
JIM3AIUA WMIYJbCHBIX AeMCTBUM, KOrJa pPasHble OMepaluyd HYMKHO
BBIIIOJIHUTH B Ha4YaJie 1 B KOHIIE IIIara. HaHpI/IMepI

IF Stepl.X THEN

iACount := iACount + 1; (*CueTyMK aKTUBHBIX LIUKIOB*)
ELSE

iDCount := iDCount + 1; (*Cyer4ynk neaxTHBaUi*)
END_IF

7.7.10. [leiicTBue — mepeMeHHas

HetictBue crammaptHOoro SFC He 0043aTeIbHO [TOJIPKHO YTO-JINOO
menaTh. B KauecTBe MMEHU JeICTBUA MOMKHO YKas3aTh JIOTUUECKYIO IIe-
PeMeHHYI0, BHYTPEHHIOI UMW BHeImHIo0. [lepemennas (Ha puc. 7.42
bMoveUp) 6yzeT COOTBETCTBOBATH COCTOSHUIO aKTUBHOCTHU IeHCTBUSA,
KJaccu(uKaTopsl OyayT padboTaTh.
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"4, xz_sfc [FB-5FC) O] x|
ooi0 =
bMovelp AT 2602.3: BOOL; [Fnonbem?] |=

=
—
—
\i
-
|»

Step2 HN bMoveUp |

—+bUnPos

Puc. 7.42. IlepemeHHas meiicTBUA

Takas mepeMeHHas ropasmo II0Jie3Hee, UeM MOYKET IMOKAasaThbCs Ha
HepBbIN B3rJA[. BIosiHe BEepPOSTHO, UTO HEOOXOAUMO YHPaBJIATH OJ-
HUM JUCKPETHBIM BBIXOJOM, & BCS HEoOXOonmMas JOTUKAa yiKe OTpasKe-
Ha B SFC-mmarpamme. Hukaxoro mOIOJHUTEIBRHOTO IIPOrpaMMHUPOBA-
HUA 37ech HeHYyKHO0. KpoMe Toro, mepeMeHHbIe AeHCTBUII YacTO MHPU-
MEHSIIOTCA [JI CUHXPOHUSAWU PA3JIMYHBIX BETBEH AUarpaMMbl WA
IporpaMM BCero IIpoeKTa.

7.7.11. MexaHu3M yIpaBJIE€HHUS TEHCTBUEM

KnaccudukraTopbl OmpenesdaOT AOCTATOYHO CJIOMKHBIE BO3MOIKHO-
CTU yIIpaBjieHUA paboToii meiicTBuA. [IpuueM oueBUIHO, UTO AEHCTBUE
TakK ’jKe, KaK M IIar, JOJIKHO MMeTh BHYTPEHHIOIO0 IIaMATh COCTOSAHUSA
¥ JIOTUKY yIIPaBJIeHUdA, IPUUEeM Aake OoJiee pa3BuTymo. asa peanusa-
MU TAKOTO YIIPaBJIEeHUA B KaKIoe AeiicTBUE HEABHO BKJIOUAETCA K-
semmAp pyarmuonanbuoro 6aoxka SFCActionControl (puc. 7.43).

SFCActionControl

— RO

—S0

—SL

— DS

Puc. 7.43. Tpajuueckoe npeacrasiaenue SFCActionControl
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DyHKIUOHAIBHBINA 0JJOK MMeeT BXOIbl, COOTBETCTBYIOIIME KJac-
cudpuraropam. Eciam Kakoii-1ub0 aKTUBHBIN ITar BKJIOYAET TaHHOE
IelicTBHE, TO 3TO IPHUBOAUT K MNPUCBAUBAHUIO JIOTMYECKOW eIUHU-
el coorBercTBylomemy Bxomy SFCActionControl. ITocie oGpabor-
KM BCeX aKTHUBHBIX IIIATOB II0 COCTOAHMWIO BBIXOMa Q cucrema wuc-
HOJHEHUSA IIPUHUMAaeT pellleHre O HeoOXOAMMOCTU BbI30Ba JAHHOTO
medicTBusa. Bce melicTBUs BBLISLIBAIOTCA OAWH pas3 B paboueM ITUKJIE.
ITopAamoK BBITOJHEHWSA aKTWUBHBIX MIEMCTBUM 3aBUCUT OT peausa-
MUY UCIIOJHUTE .

B CoDeSys naeHTU(UKATOPHI AENCTBUI aBTOMATHUUECKU COPTHUPY-
I0TCsI B MeHeJ Kepe HmpoeKTa B aa(aBUTHOM IIOPALKE, B IPOIlecce MC-
TMOJTHeHUSA 9Ta IIOCJeI0BATeIbLHOCTL coxpaHseTcda. Mutepdeiic PyHK-
nuoranapHoro Osoxa SFCActionControl omnmcam B 6ubInoTeKe
IECSFC.lib CoDeSys, KoTopas 00g3aTelbHO AOJKHA OBITH BKJIOUEHA
B mpoekT mnpu mucunoab3oBanuu SFC ¢ MOK-geiictBuamu. Bxoawr 6.10-
Ka UMeIOT OJHY TOHKOCTh — BMecTO KJaccupuxatopoB S m R umcmo-
abayoresa uaeHTuduraropsl SO u RO. 910 cmemaHo nyis MCKJIIOUEHUA
KOH(MJIMKTA ¢ KJIIOUEBLIMU CJIOBAMU.

dyuxnuonaabubiii 6710k SFCActionControl peanusyercs us craH-
IapTHBIX KoMmmoHeHToB MOK, Kak sTo moKasaHo Ha puc. 7.44.

Kak BugHo m3 peanusamnuu, copoc RO saBIsgeTcA TOMUHUPYOIIAM
BxomoM. IIpu Hammumm coOpoca BeIXOA Q 6e3yCJaI0BHO MproOpeTaeT 3Ha-
yenue FALSE. IIpoune BXOABI IIOCJIE€ COOTBETCTBYIOIIEr0 aHAIN3a 00b-
enuuensl mo WJIM. Kak yike OBIIO cKasaHo, HeiiCTBME BbI3BIBAETCS

Beakuii pas nupu Q = TRUE u mocimemumii pas mocse mepexona Q us
TRUE B FALSE.

Onwucanue dyarnuonansbHoro 6s10Ka SFCActionControl gamo smech
IJIsI JIYYINero IMOHMMAHHUSA MexaHmsMma paboTel mericrsuii. Ha camom
[eJie BbI He Halifiere HU O0BSABICHUS 9K3E€MILIAPOB, HU €r0 peaansa-
muu B mpoekTe. JJormKa paboThl AeificTBUIl CKPBITA OT IJIa3 U SABJIAET-
cda 3a0oToil cucrembl ucnonnenusa SFC.

B CoDeSys cyiiecTByeT Bce ke JiaseliKa, MO3BOJISOINASA MOJYUNTH
IOCTYH K OJIOKY yupaBiaeHus aeiicrsueM. Jdx3eMiniap SFCActionCont-
rol gocrynen nox umenem AC B xkaxxkgom MOK-geiicTumn.

IF A 3.AC.Q THEN
ceed (*neiicTBUEe aKTUBHO?*)
END_IF

Ecnu BuI mnpaBuiabHO moHAAU Mexanusm MOK-geiicTBuii, TO
OmIOOYHOCTh IIPHUMEPOB IIPEACTABJEHHBIX HA ABYX CJHIELYIOIUX PU-
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"4 SFCActionControl [FB-FED] O] x|
[y 1=
............. s FF T
RS oOF | ROOY ] —
S04SET o1 M- —
RO-RESET1 L
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THPT ET|—
SD_FF
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TON
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T{PT_ET}— RO
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Puc. 7.44. Peanusanua ¢pyaxumumonaabpHoro 6iaoxa SFCActionControl (FBD)

—~— Transt
|
Step2 N A2 Step3 N A2
N A2
|
——s2=2

Puc. 7.45. IlombITKa BBI3BATH [IECTBHE TPU pa3a B OMHOM I[MKJIE

CYHKaX JOJIKHA OBLITh IJIA Bac oueBuAHON. HauHem ¢ mpumepa, moka-
3aHHOTO Ha puc. 7.45.

JanHas KOHCTPYKIUA abCOJIIOTHO OeccMBbICIeHHA. BBIIIOJIHEHUE
meticTBuA A 2 TPMIKIBI paspelliaeTrcs, HO caMO AeHCTBUE BCe PaBHO
OymeT BBIIIOJIHEHO OAUH pas3 B paboueM IIHUKJIE.
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Temepp paccMoTpuM HOpPUMEP, IIPEACTABJIEHHBIA Ha puc. 7.46.
3mech metictBue A 2 nmBa pasa paspeliiaeTcsa, 3aTeM cOpachIBaeTCs.
B pesysibTaTe BBIIOJIHATHCAI OHO He OyIeT.

—~— Trans1

Step2 N A2 Step3 R A2
N A2

—1—s2=2

Puc. 7.46. IlombpITKa BBI3BATH JAEiiCTBHE 2 pa3a B OMHOM IIMKJIE U 3aIIPETHTH

7.7.12. BuyTpeHHUe IIepeMeHHbIe IIara u AeiCcTBUd

s kamgoro MOK-miara HesiBHO 00bABJIeHa CTPYKTypa U3 ABYX MI0-
CTYIIHBIX M0 YTEeHHIO IepeMeHHBIX. IlepBasi mepemenuas Tuma BOOL
HOCHUT «OPUTMHAJIbHOE» HA3BAHUE X U SABJISETCS NPUSHAKOM AKMUBHO-
cmu waea. ITo cMBICTY OHa paBHOIIEHHA JIOTMUECKOI ITIepeMeHHOM Iara
<StepName> B ymupoiennoii peanusanuu SFC. Jlorunueckasa emuHuUIia
SABJIAETCA IPU3HAKOM AKTHUBHOCTH Illara. Bropas IlepeMeHHasi TUIa
TIME naswsiBaeTca T u yKasbIBaeT 8pems aKkmueHocmu waza.

HocTyml K ImepeMeHHBIM Ifara BO3MOXKEH uepes3 UM IIara u TOUKY,
KaK K JaHHBIM CTPYKTYPHI MJIN SK3eMILIAPaM (PyHKIIMOHAJILHOTO 0JI0-
Ka — <StepName>.x. BHe mporpaMMHOI0 KOMIIOHEHTa HEOOXOIUMO
HUCIIOJIb30BATh <«TPEXITAKHYIO»  KOHCTPYKIIMIO, HAYMHAIOIIYIOCA C
umenu POU. Hanpuwmep:

IF MoveCtrl.Moving.X <> TRUE THEN ...

IlepemeHHBIE IITara MOXKHO KCIIOJIB30BATH B YCIOBUAX II€PEXOMOB.
IIpumep mpuMeHeHUA TaKOro IIpUeMa IIPeJCTaBJIeH Ha puc. 7.47.

| Step2 H iL T#1s [ bLed12 I

[A2
—I— Step2.t > t#5s

Puc. 7.47. IlarucekyHIHBIN mar

Ilepemennaa X TakiKe AOCTYIHA U [AJIA IIaroB C aHAJIOTHUYHBIM
cmbicaoM. PaxTuuecku <ActionName>.x sT0 00II[egOCTyIIHASA KOIIMA
Berxoza Q SFCActionControl.
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7.7.13. ®ynrnuonaapubie 010Kku U nmporpamMver SFC

IIpumenenue SFC B 00beMHBIX KOMIIOHEHTaX IIO3BOJISIET COKpa-
TUTHb BPEeMs BBIIOJHEHUA U COOTBETCTBEHHO BPeMs PEAKIIMU CHUCTEMBI.
ITpu momomIu MIaroB MOHOJUTHAA IpOrpaMMa pas30uBaeTcCs Ha KOPOT-
Kue (parMeHThI, BBIMOJHAONNECA B PasdHBIX padoumx nukaax IIJIK.
B mpyrux aseikax MOK peanusamnus o0beMHBIX U B TOXKe BpeMs ObI-
CTPBIX TPOrpaMM TpeOGyeT MOMOJHUTEIHHOTO KOAUPOBAHUA MEXaHU3-
Ma II09TAIlHOTO BhIMOJIHEHUA. [IpobiemMbl ¢ pocToM BpemMeHu pabouero
MUKJa TPU YCIOKHEHUN IIPOrpaMMbl ocobeHHO 3ameTHBI B LD. SFC
CTUMYJIUPYEeT K PaABHOMEDPHOMY PACIPEAESeHUI0 BBIUNCIUTEIbHOM
MOIIIHOCTH IIPoIleccopa IPaKTUUYECK:H 0e3 MOMOJHUTEJIbHBIX YCUJIUH
IpPOrpaMMUCTA.

Peanusanusa QpyHKIIMOHAIBHBIX 0JI0KOB 1 mporpamMm B SFC mmeer
CYII[ECTBEHHYIO 0CO0eHHOCTh. OTCYTCTBYIOT IIe€pBasi U IIOCJHEIHSS HH-
crpykinuu. Oneparop RETURN Takike He mcmosbayercsa. IIporpamma
Kak Obl He uMeeT KoHIa. Kamxawiit BeizoB SFC POU paBHOIeHEH BBI-
MOJIHEHHUIO OJHOT0 HMUuKJa. YT0 KOHKpeTHO OyaeT BuimoaHaTs POU, 3a-
BHUCHUT OT €T0 IPeIbIAYIIEero COCTOSHUSI.

IIpunyauTeIbHO BEPHYTh KOMIIOHEHT B HAaJYaJlbHOE COCTOSHUE
MOJKHO TOJMBKO mmyTeM cOpoca IIJIK. ITpunynurenbHas aKTUBAIUA Ha-
yagbHOTO mIara B SFC He o3HauaeT aBToMaTHUUYeCKUil cOpPOC KOMIIOHEH-
Ta. OHa IIpPUBENET TOJBKO K TOMY, UTO KPOME TEeKYIINX aKTHUBHBIX
IefcTBUII aKTUBHBIM eIlle CTaHeT U HavaJbHBIN Iar. HauaabHBIN mIar
HEe COAEPyKUT CKPBITHIX AeiicTBuii. OH He 3ampeliaeT APyrue IMaru u
nmeticrBuA. CuTyamusi JeMOHCTPUPYETCs IIpUMepoM Ha puc. 7.48.
3nech mapasiienbHasa BeTBb ¢ nmycTbiM marom (Idle) mepemaer akTus-
HOCTb HavaJIbHOMY I1ary. pyrasa mapaJsienbHas BeTBb S1—S2 6ecko-
HEYHO 3al[uKJieHa cama Ha cebsa. OHa mpomoiKaeT CIIOKOWHO paboTaTh
He3aBUCUMO HU OT uero. Kpome Toro, me 3abbIBaiiTe, UTO €Ille CYIIECT-
BYIOT JeMCTBUS C HaMATHIO.

OrpaboTKa peakIiuu Ha Bce HEOOXOMUMBbIE COOBLITUS, BKJIIOUAS 9K-
CTPeHHBIe, MOJI’KHA ObITh mpenycmorpera B SFC aBHbIM obpasom. Ile-
peBoa cucTeMbl B HayaJIbHOE UM 0e30IacCHOe COCTOSHUE IIpeaycMar-
pusBaet mia IIJIK ycTaHOBKY 3aJaHHOTO MOJOMKEHUA UCIIOJHUTEIbLHBIX
MeXaHU3MOB M yIpaBieHue ummMu. Hakatue aBapuilHON KJABUIIIHU,
00eCTOYNBAIOIIEN MCIIOJHUTEIbHBIE MEXaHU3MbI, HOJIKHO KOPPEKTHO
oTpabaTeIBaTHCA MIPOIPAMMHELIM OOecIlieueHreM. ¥ CTAHOBKA U IIOAIep-
JKaHue 0e30IIaCHOI'0 COCTOSHUS CHUCTeMbI — 9TO TaKas Ke paboTa,
KaK ¥ HOpMaJbHOoe (pyHKIImoHmMpoBaHUMe. He cTOUT Iyia sTUX Ieselt
HMCII0JIb30BaTh NporpaMMublii copoc IIJIK, Tem Gosee uTo Takas PyHK-
1A B CTAaHAAPTHBIX OUOJIMOTEKAX OTCYTCTBYET.
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4, RunningLights {PLC_PRG._x=z} [FB-SFC) =] B3
l]l]l]4| Go = EEE l—:
-+ @Go
ST HN V1
+—51.1t> Tils NOT Go
52 N
Init
821> Tils
1>
51

Puc. 7.48. 3amrnyrasa BerBr SFC

B CoDeSys skcrpennsnlii copoc SFC-iporpaMm 1 (DyHKIIMOHAJIbHBIX
0JIOKOB Bce Ke BO3MOKeH. IIpoOisieMa pelraeTcsa ¢ IIOMOIIBIO CIIeIua-
abHBIX cucTeMHBIX (uiaros (SFCInit, SFCReset), ynpasasromiux pabdo-
Toti SFC-ucnosHUTE .

7.7.14. Ornagka u KOHTPOIb ucmoaneausa SFC

B pasmumuHBIX CcHCTEeMax IIPOrPAMMHUPOBAHUS [ OTJASKK
SFC-guarpaMM NpUMEHSIOTCS CJIeAYIOI[re IIPUeMbl:

e aHHMAIIMS aKTUBHBIX IIIAaroB U AeiCTBUIA;

e NPUHYAUTEJIbHAS YCTAHOBKA AKTHBHBIX IIIArOB;

e OJIOKMPOBKA IIPOBEPKU WU (PUKCAIIUSA YCJIOBUI II€PEXO0/0B;
e TIPOMYCK BBITIOJHEHUS 3aJaHHBIX ITaroOB;

e OJOKMPOBKA BBHINIOJHEHUS AefCTBUIA;

e MOHUTOPHWHT BpPeMeHU aKTHUBHOCTHU IITaros.

O0IMM MeTOZOM OTcJeskuBaHUs paborsl SFC-muarpaMMm B peaib-
HOM MacIinTtabe BpeMeHU ABJIAETCA MOHUTOPWHT W TPACCUPOBKA IIepe-
MEHHBIX IIIarOB U JeNCTBUIl, CHEIUAJIbHO CO3JaHHBIX BCIOMOTaTEJb-
HBIX JIOTMYECKUX (PJIATOB U CUETUNKOB aKTHUBHOCTHU.
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Paciiupensbie OTJam0YHbIle (PYHKIMYA PEaNu3yIOTCI B CHCTEMax
IPOrPaMMUPOBAHUS PA3JIUYHLIMU CIIOCO0AMU M 3aBUCAT OT CHUCTEMBI
ucnojaHeHusa. IlosTroMy MBI He OyZeM pacCMaTPUBATh UX 31€Ch JeTaJb-
HO. OrpaHruYMMCa OAHUM IIPOCTBIM IPHUMEPOM MOHUTOPHUHIA AKTUBHO-
ctu maros B CoDeSys.

YcaoBusa Imepexonma MOI'YT 3aBHCETh OT II€ePEMEHHBIX, CBA3aHHBIX
C Pa3JINYHBIMU BXOMHBIMHU BO3IeHCTBUSAMMU, JaTUNKAMMP, COOOIIEHN-
AMHU CeTH, JIOTUUECKUMHU BBIUUCIEHUAMHU U T. O. EcIM HEKOTOPBIH
mIar «mIpoJieTaeT» CJAUIIKOM OBICTPO MU HAOOOPOT «TOPMO3UT», HeE
Bcerga TakK IIPOCTO MOHATH HNpUUYMHY cOos. Tem Oosee 4uTO 3TO He
00s13aTeJIbHO TporpaMMHas omubka. VMexonsa m3 34paBoOTO CMBICIA,
MOMHO IIPMMEPHO OII€EHHNTH MOOIIYyCTHMMBbIE IIpeaeJibl BPEeMEHHN aKTUuB-
"HocTH Imtara. Tak, Impoliecc IepeMeInieHus KaOuWHBI JudTa ¢ OJHOTO
sTa)ka Ha Apyrou He moskerT 3anuMaTth 100 Mc, HO U He HOJIKeH 3a-
HUMAaTh HECKOJbKO uacoB. B CoDeSys nasa KasKAoro Imrara MOXKHO
3aJaTh BpeMeHHBIe rpaHuIibl. Hapymienue rpaHuly Bo30y:KIaeT ciie-
muaJbHBIH (Qiar omubxku. [loMuMo 3TOro, OTJamOUYHAs CHUCTeMa IIO-
3BOJIIET OMPEeNeJUuTh Iar, TAe MPOoU3oIilIa onubKa, U yCIoBUe, IIPHU-
BeJIllee K HAPYIIEHUIO.

%, RunningLights {PLC_PRG_xz} [FB-SFC) _[Ol ]
0005 SFCEnableLimit = -
0006 SFCError =
0oo¥ SFCErrorStep = 'S1' -
0oog SFCCurrentStep = 'S1'
0009 SFCErrorAnalyzation = 'S51.t > T#2000ms' hd
Go =
T#0.55
T#0.759s
T#1s760ms
S1.t>TH2s
52 HN 2
T#2s
T#OmMs
| -
4| A

Puc. 7.49. [InarHoctura «topmoskeHHs» mara B CoDeSys
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Ha puc. 7.49 noxkasana SFC-gumarpamMma B pesKKMMe HCIIOJHEHUS.
IIar S1 mo ycsoBuio (BepOsSTHO, OIMIUOOYHO) AaKTUBEH HOJIbIe, UeM 3a-
maHo arpubyramu 1mara (He 6osee T#0.75s). ATpubyTsl BpeMeHU II0-
KasaHbl CIIpaBa OT Ifara cepbIM IBeToM. TeKyllee BpeMsi — UYePHBIM
mBeToM. B OKHe 00'BABJIEHUH BBl MOYKETe YBUAETh (hJIarv, CUTHAJIU3U-
pyioliue oImmoKy, IIar U AMarHO3 — YCJOBUE, 3aJeP;KUBAIOIEE BbI-
OJIHEHUe.

djaru ¢ TOYKU 3pEHUA OTJAAKU, BO3MOKHO, He SBJIAIOTCA Ca-
MBIM YIOOHBIM CPEACTBOM, HO 3aTO OHU YHUBEpPCAJIbHBI. AHaIU3
¢1aroB u ynpaBadoIuxX mnepeMeHHBIX SFC-ucrmomHuTelsa II03BOJISET
Opu HeoOXOAUMOCTH CO3JAaTh B IIPUKJIALHON IIporpamMMe COOCTBEH-
HBIFT MOAYJIb KOHTPOJIA U PaHHEN NMArHOCTUKU «Pa3yMHOCTH» CHUCTE-
MBI YIIPABJIEHUS.



I'maa 8. CranmapTHbIe KOMIIOHEHTHI

B sTom pasmesie omucaHbl HamuboJsiee IMTUPOKO MPUMeHsSeMble CTaH-
JapTHBIE OIlepaTophbl, GYHKIUKU 1 (PYHKIMOHAJIbHBEIE 6oKku. Omucam-
Hble KOMIIOHEHTHI IIPUCYTCTBYIOT BO BCeX 06€3 MCKJIIUEHUS KOMILIEK-
cax MOK-nporpaMmMupoBanms.

B KOHKpETHBIX peasn3alusax BO3MOXKHBLI He3HAUUTEJIbHBIE OTJIU-
yns. JJasg mHPOpMAIUU O BKJIIOUEHHBIX B COCTaB IIOCTABKU KOHK-
PEeTHOTO KOMILJIeKca OMOJIMOTEeUHBIX KOMIIOHEHTaX HCIOJb3YyHTe pPy-
KOBOJICTBO IIO IIPMMeHEeHW0. PYKOBOJCTBa II0 IPUMEHEHUIO OOBIYHO
OUIIYT JIOAW, HACTOJBKO BJIaAeIol[ue IIPeIMeTOM, UTO UM TPYIHO
IpeACTaBUTb, YTO TYT BOOOIIlE MOKET ObITh UTO-TO HemoHATHO. Ilo-
9TOMY Iepe] NMpPpUMeHEeHWeM HOBOTO KOMIIOHEHTa B CBOeIl mporpam-
Me JKeJlaTeJbHO MOeTaJbHO MHCCIeNOBAThL ero paboTy Ha MIPOCTHIX
npuMepax.

Eiie pa3 HamoMHUM, YTO [Jid HAUMHAIOIIUX IIPU IEePBOM 3HAKOM-
CTBe JOCKOHAJBHO pasdbmpaTh BCE TOHKOCTH CTAHAAPTHBIX KOMIIOHEH-
TOB He 00s3aTesibHO. [[JId Havajia JOCTATOYHO MMETh 00Illee IpeicTaB-
JieHre, YTOOBbI CyMeTh HAWTH pellleHue, KOTAa BOSHUKHET TaKas Heoo-
XOAUMOCTb.

8.1. OnepaTopsl 1 pyHKIIMHU

8.1.1. ApudmeTnueckue onepaTopsl

IToutu Bce apudmeTHmuecKue omepaTopbl UMEIOT CUMBOJIbHYIO (hop-
MY IJId 3alliicU B BeIpakeHuAX sa3bika ST. B apyrux aseikax MOK wuc-
TOJIb3YIOTCA BBHIBOBBI OIIEPATOPOB B BUZE (DYHKIIUU.

Omneparop | CumBoOX HdeiicTBue Tunsl mapameTpoB
ADD + Croxenue ANY_NUM, TIME
SUB - Breruuranune ANY NUM, TIME
MUL * YMHOKEHIE ANY_NUM, TIME
DIV / Tlenenue ANY NUM, TIME
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Onepatop | CumBoa eiicTBue Tunsl napamMeTpoB
MOD MOD OcTaToOK OT [JeJIeHUs ANY INT

IN1 ANY NUM
EXPT BosBenenue B cremnesb IN2 ANY_INT
MOVE = IIpucBauBanmue ANY

ApudmernuecKkre omnepaTophl ABJIAIOTCSA NEPETPYKAeMBIMU: THII
pesyJibTaTa OIlepalluy OIpPeAesAeTCs TUIIOM OIePaH/IOB.

B rpadpuueckux saspikax 60k MUL u ADD MoKHO pacmiupArh,
T. €. T00ABJATH IMIPOM3BOJBbHOE UMCJIO MapaMeTpoB (cM. pasmena «DPyH-
KO C IIepeMeHHbIM 4YHCJIOM napaMeTpOB»).

ITpumep ST:
ixl:= (ix1 + ix2 + ix3) / 3;

Peanusamnus storo sxe npumepa B FBD mpencrasiena Ha puc. 8.1.

ADD DIV

ix1

ix1 —

ix2 — 3—

ix3 —

Puc. 8.1. IIpumep rpaduueckKoro mpeacTaBJIeHHS apU(PMeTHIECKHX
6JI0K0B

ITepemenunie Tuna TIME Mo0XHO CKJIAILIBATH MEXKAYy CO0OI, BBI-
yutath. Ogny nmepemennyio Tuna TIME MoXKHO yMHOKATh U AEJUTH
Ha umncJyo. PesyiabTar Bo Becex cayuaax Oyaer umerh Tun TIME.

Onepanusa MOD mpuMeHmMa TOJBKO Ha MHOYKECTBE IIEJIBIX YKCEJI.
Cwmbica BeipaskeHusa OUT := IN1 MOD IN2 M0:XHO pacKpbITh Ha A3bI-
ke ST Taxk:

IF IN2 = 0) THEN  OUT :=0 ;
ELSE OUT := IN1 — (IN1/IN2) * IN2 ;
END_IF

Onepanusi OUT := EXPT(IN1/IN2) osuauaer OUT = IN1™2, Tla-
pametp IN2 mosnskeH OBITH IEJIOTO THHA.
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Onepanua MOVE Mo)XeT mMeTh TOJBKO OAWH IIapaMeTpP COBMECTHU-
moro tuna. B asuom Buge MOVE BcTpeuaeTcsa TOIBKO B rpaduuecKux
A3bpikax. B IL mpucBavBanme 3HAUEHWA OJHOU TEePEMEHHOW WU KOH-
CTAHTEI APYTOM IMepeMeHHOM BBIMOJIHAETCA mapoil nHerpykinuii LD, ST.

8.1.2. OniepaTopsl OMTOBOTO CABUTA

Omepatopbl casura npuMeHuMbl ais TunoB ANY_BIT. Bce oum
uUMeT 2 mapaMeTrpa:

OUT := OIIEPATOP(IN,N);

OmnepaTtop HdeiicTBue

ITo6uTHbI# caBur onepanga IN BieBo ma N oOur,
C OIIOJIHEHUEM HYJIAMU CIIpaBa

SHL

ITo6urHbI caBur onepauna IN BupaBo Ha N oOur,

SHR
C JOMHOJHEHNEM HYJISAMH CJIeBa

ROR IMukauueckuit capur omepauna IN BupaBo Ha N 6ur,
crapinue OUTHI 3aMeIaloTCA MJIALIIIMMU

ROL HMukauueckuii casur onepanza IN BiaeBo Ha N Our,

MJIagInme OUTEI 3aMeIlanTCd CTapIIuMu

Ilpumep npuMeHeHUs omepamuili cABUra B Trpa)UecKoil cxeme
mpeacTaBieH Ha puc. 8.2.

SHL OR

wY=16#55AA — wX=16#AA55

8 —

SHR

WY=16#55AA —

8 —

Puc. 8.2. IlepecranoBka GaiitT B ciose (peskum online)

B saswike ST sTor mpumep OyJeT BHITJIAAETh TaK:

wX = SHL(wY,8) OR SHR(WY,8);
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8.1.3. Jloruueckue GUTOBHIE ONMEPATOPHI

Burosbie onepaTopsl mpuMeHuMb! A TunoB ANY_BIT.

Oneparop HeiicTBue
AND IIo6utHOE 1
OR ITo6urnOe MJIN
XOR ITo6uTHOe uckatouaroriee MJIN
NOT IIo6utHOe HE

Onepatop NOT umeeT TOJBKO OOUH ITapaMeTp.

B FBD 6a0ku AND, OR u XOR MO0XHO pacIiupsTh, T. €. J00aB-
JISTHh TPOU3BOJILHOE UMCJIO BXOAHBIX ITapaMeTpoB (cM. pasmen «DyHK-
AU C IepeMeHHBIM uucjaoM mapaMerpoB»). Omepanus NOT gua opo-
BogHUKOB TuioB BOOL (nHBepcus) o603HaYaeTCsI B BUAE OKPYIKHOCTH

(cMm. mpumep Ha puc. 8.3).

b2 =

< PLC_PRG [PRG-FED]

b3l =

0203 = I
byt = (SIS

=10 x|

| v

AND
hElH
LR

AND
hElH
S

AND
b2
S

« |

|

AND

Io——hCut

I» 114

-

Ll

Puc. 8.3. Buaoxk roxocoBanus asa u3 tpex (Ha gdormueckom 6asuce U—HE)

B aswixke LD moruueckue omeparnuu WM, UJIN gns tuma BOOL 3a-
MEHAITCA MOHTAXHBIMU CO€JMHEHUAMMN. Onepaunﬂ AND IpeacraB-
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JIfeTcs IIOCJEeNOBATEJbHBIM COeIUHEHWEM KOHTAKTOB, a OIepanusd
OR mapansmensHbIM coenuHeHueM (MoHTa)kHOe WJIN) (cMm. mpumep
Ha puc. 8.4).

bX1 bX3
——

bX2 bX3

— —

Puc. 8.4. Baok ronocoBanus aea us tpex (IL)

B Bripaskenusix ST jornueckue olepanuy 3alllCLIBAIOTCS B BUIE
OIIePaTOPOB:

bOut := (bX1 AND bX2) OR (bX1 AND bX3) OR (bX2 AND
bX3);

B IL snoruvuecKue omepaTopbl IpuobperaoT (opMy KOMAaHI:

LD bX1
AND  bX2
OR ( bX1
AND  bX3

)

OR (bX2
AND DbX3

)

ST bOut

8.1.4. OnepaTopsl BIOOpa M OTPAHUYEHUS

OmnepaTopbl BbIOOpPa U OTpaHUUYEHUA IIPEeCTaBJICHBLI B TaOIHUIIE.

. .. Tuns:
TexcroBriii popmart HeiicTBue
nmapaMeTpoB
BunapHbIi BBIOOD:
OUT:= SEL(G, INO, IN1) OUT:= INO upu G = FALSE INO, IN1: ANY
OUT:= IN1 npu G = TRUE G: BOOL
OUT := MAX(INO, IN1) Hau6Gonbiiee u3 sHaueHUI ANY
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. . Tumner
TexcroBrrit hopmar HdeiicTBue
napaMeTrpoB
OUT := MIN(INO, IN1) Hauwmenbiiee u3 sHaueHU ANY
A OrpaHuyuTeNb:
OUT := LIMIT(Min, IN, Max) .
OUT:=MIN(MAX(IN,Min),Max)
INy, ...,
MyJIbTUILIEKCOD:
OUT := MUX(K, INy, ..., INk-1)) INk-1)):ANY
OUT := INg.
K: ANY_INT

B CoDeSys MAX u MIN omepupyoT TOJbKO C ABYMs IIapaMerpa-
MU, CTAHJAPTOM IIpeIyCMaTpPUBAETCA pacliupsaeMas peaaus3aiud.
Myabruniaexkcop MUX aBisercs pacmiupseMbIM (cM. pasaena «DyHK-
U1 C IIepeMeHHBIM YHCJIOM IIapaMeTpPOB» U IIpUMep Ha puc. 8.5).

LIMIT MUX

17— — Satisfaction
Drinking — “—

3 —| ‘Mano' —

'Hopma' —

'MHoro' —

Puc. 8.5. IIpumep nmpuMeHeHHs OTPAHUYMNTEN]S U MYJbTHUILIEKCOPA

8.1.5. OnepaTopsl cCpaBHEHUA

Cuenyroiiiue omepaTophbl PeaansyIoT Olepali CPaBHEHMs.

Onepatop Cumsoxa HdeiicTBHe
GT > Boubiie
GE >= Bosbie niu paBHO
EQ = PaBrO
LE <= Menblite uau paBHO
LT < Memnbmie
NE <> He paBno

WNHTepecHO, UTO CTaHAAPT [OIYCKaeT pacCIlIUpPeH’e OIePaTOPOB
cpasuenusa. Hanpumep, Beipakenne bOut := iX1 > iX2 > iX3 BmoaHe
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pormyctumo. Ha mpakTuKe OOBIYHO PeayiM3yIOT OllepaTOPbl CPaBHEHUS
Ha 2 BXOoza.

OmepaTophbl CpaBHEHUs NPUHUMAIOT 2 IapaMeTpa JIIo0oTo THIIA,
Tun BoadBpairaemoro sHaueHus BOOL. [eificTBue onmmchIBaeTcs Io OT-
HOIIIeHWIO K mepBomy mapametrpy. Tak, bOUT := IN1 > IN2; 6ymer
umeTrsb 3HaueHre TRUE, ecau IN1 6oasmre IN2.

Ecnu Heo0XOAMMOCTH CpPaBHEHUSA HECKOJIbKUX BEJNUYMH BCE JKe
BOBHUKAET, HEOOXOAUMO HCIIOJIF30BAaTh HECKOJIBKO OIIEPATOPOB CPaB-
HeHUs, o0benuHeHHBbIX Mo W. CpaBHeHume Tpex mepeMeHHBIX Ha ST
MOXKHO 3aIlMICaTh TaK:

bOut := iX1 > iX2 AND iX1 > iX3 AND iX2 > iX3;

B rpaduueckomM mpeACTaBIEHUN WCIIOJb3yeTCA MHOTOBXOMOBBINA
610k AND. Ha puc. 8.6 gan nmpumMep Ha CpaBHEHUE TPEX IIePEMEHHBIX.

GT AND

iX1— ——DbOut

iX2 —

GT
iX1—

iX3 —

GT

iX2 —

iX3 —

Puc. 8.6. Cpasnenue Tpex mepemenusix iX1 > iX2 > iX3 (FBD)

CpaBHeHIE TEKCTOBBIX CTPOK ITPOM3BOAUTCS HA OCHOBAHUU 3HAUe-
HUH KOJOB CHMBOJIOB.

8.1.6. MaremaTuueckue (PyHKIIUU

CranmapTHble MaTeMaTUYecKre (MYHKIIUU MIPEACTaBJIEHBI CJIemyIo-
UMU ollepaTopaMu.

OmnepaTtop HdeiicTBue Tunsl napamMeTpoB

ABS AGCoIIoTHOE 3BHAUEHUE YUCIa ANY NUM

SQRT KBagpaTHBIll KOpeHb YnCIa ANY REAL
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OmnepaTtop HeiicTBue Tunsl mapameTpoB
LN HarypaneHbIil Jjorapudm uuciia ANY REAL
LOG HecATuuHbIil JorapudM ducaa ANY REAL
EXP IKCIIOHEeHTA ANY REAL
SIN Cunyc ANY REAL
COS Kocunyc ANY_REAL
TAN Tanrenc ANY_REAL
ASIN Apxcunyc ANY REAL
ACOS ApxKocuHyC ANY REAL
ATAN ApkraHrenc ANY REAL

EnuncrBenHas GyHKIIUSA CIIOCOOHAS padoTaTh C IEeIOUYKNCICHHBIMI
sHaueHuaAMu ABS, Bce mpoume QyHKIUM BO3BPAIIAIOT PE3YJILTAT TO-
JBKO B (hopMaTe C IJIaBaroIlleil 3amsaTol.

Cranzaprable TpuUroHomMerpudeckue (GpyHKIUU paboTamOT B pagua-

Hax.

ITpumep ST:

IrY := EXPT(SIN(IrX),2) + EXPT(COS(IrX),2); (*Pesynprar 1,

8.1.7. CrpokoBbie (pyHKIIUHU

pu Tr000M X*)

CTpoKOBbIE (PYHKIIMU IIPEACTABIEHBI CAENYIOIUMU NHCTPYKITUIMMH.

INT := LEN(STR)

BoasBpairaer giuHy CTPOKH

STR := LEFT(STRING STR, INT SIZE)

Boaspaiaer agesyio uacth STR pasmepom SIZE

STR := RIGHT(STRING STR, INT SIZE)
Boaspaiaer npasyo uyactb STR pasmepom SIZE

STR := DELETE(STRING STR,INT LEN,INT POS)
Boaspamaer STR, yganus LEN cumBosioB ¢ mosuiiuu POS
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INT := LEN(STR)

BosBpaljaer JIuHY CTPOKU

STR := MID(STRING STR, INT LEN, INT POS)

Bosspaiaer yacts STR ¢ mosunuu POS giuuoit LEN

STR := CONCAT(STRING STR1, STRING STR2)

Bosspaiaer koukarenanuio ctpok STR := STR1 + STR2

STR := INSERT(STRING STR1, STRING STR2, INT POS)
Bosspaitaer STR1 co Becrasiennoit STR2 B mosuriuio POS

STR := REPLACE(STR1, STRING STR2, INT LEN, INT POS)
Bosspamaer STR1, samenus LEN cumBoJsioB, ¢ mosunuu POS na STR2
INT := FIND(STRING STR1, STRING STR2)

Bosspaiaer mosuruio STR2 B crpoke STR1. Eciu STR2 He maiinena, Bos-
Bpaimaer 0

Hywmepanusa mosuniuii B CTpoKe HaumHaeTcs ¢ 1.

8.2. Cranmaprabie (PyHKIIMOHAJbHBIE OJIOKH

8.2.1. Taitmeps1

Tatimeps! IIJIK mpuHIUONAIBLHO OTJIMYAIOTCA OT TAaWMepPOB, IIPU-
MEHsSIeMbBIX B A3bIKaX OOIIEro mpuMeHeHUsA. B A3bIKaX IIPOrpaMMUPO-
BaHUs KOMIILIOTEPOB CYII[eCTBYIOT pyHKIIMU 3axep:xkku (delay, sleep),
KOTOpbIe IPUBOAAT K IPUOCTAHOBKE BBINOJHEHUS IIPOTPAMMBI Ha 3a-
maHHoe BpeMmsA. Taiimepa, crocoO6HOro mpuoctanoBuTh padory ILJIK, B
craugapre MOK ner. IIpencraBbTe cebe, UTO Ha OOUH BXOJ KOHTPOJI-
Jepa MOCTymaeT HEKOTOPhIN curHays. Ha BTOpoi#l BXOJ IOCTymaeT TOT
JKe CUTHAaJ, HO uepe3 almapaTHBIN MOAYJb 3aJep:KKu. VMIMeHHO Tak
paboTaroT cTaHIapTHBLIE TaliMepbl. BpeMeHHas 3alep:KKa BJIUSET TO-
JBKO Ha (OPMUPOBAHVE BBIXOTHBIX CUTHAJIOB U HE BHI3BIBAET HUKAKO-
o 3aMeJJIeHUs B IIpoTrpamMMme.

15 npaBuiIbHOU paboThI TaliMepoOB HeOOXOAMMa alIapaTHAA MOJ-
Iep:kKa. Bce 9KkseMIIApPHl QYHKIMOHAJBHBIX OJOKOB TaliMepoB «3a-
cekaior» Bpema (B CoDeSys BoO BHYTpeHHeH JOKAJbHOW IIepeMeHHOM
StartTime), mons3ysack obmumu yacamu. [Ipu npoekTupoBarum I1JIK
JIOCTATOUYHO MMETh OAUWH alllapaTHBIA TaliMep-CUEeTUYUK, YBEJIUUUBAIO-
MIUICA C IIOCTOAHHOMN YacTOTOM. AIIIIapaTHBIN CUETUNK AOJKEH NMETh
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IOCTATOUHYIO PAa3pPASHOCTb, UTOOBI HCKJIOUUTH BO3MOYKHOCTH II€pe-
HOJIHeHUSA 3a oauH pabounii muka ILJIK.

Henn3sa mosnaraTbcd HA TO, UTO IIOBTOPHBIN BBI3OB JK3eMILISApA
GyHKIIMOHATBHOTO OJIOKA B OJHOM paboueM ITMKJE HACT PasIUUHbBIE
pesyJbTaThl. 3HAUEHUA IIPOTPAMMHBIX TAaliMEPOB MOTYT OOHOBJIATHCHA
IPU BBIBOBE 9K3EMILIApPA PYHKIIMOHAJBLHOrO 6J0KA MJIN CHUHXPOHHO C
OOHOBJIEHWEM BXOJIOB. JTO 3aBHCUT OT PeaJu3alMi CUCTEMBbI KUCIIOJI-
Henuda. He wucmonbadyiiTe B cBoumx mnporpammax nukiasl (WHILE,
REPEAT) ¢ ycioBueM OKOHUYAHWS UTepaIUil Mo TaiiMmepy.

TP zenepamop umnynvea

P
IN BOOL Q BOOL
PT TIME ET TIME

3amycK TaliMepa IPOWCXOAUT II0 (PPOHTY MMITyJabca Ha Bxome IN.
Bxox PT zagaer aaurenbHOCTH (hOopMHpPyeMoOTo mMmnOyJabca. Ilocie 3a-
mycKa TaiiMep He pearmpyer Ha uaMeHeHme 3HaueHusa Bxoma IN. Bri-
xon ET orcuurniBaer npomniexiiiee BpeMd. IIpu noctmkenuu ET 3uaue-
Hua PT cueTunK ocTaHaBJIMBaeTcs, U BeIX0J @ coOpacwkiBaercs B 0.

BpemenHasa pguarpamma paboTbl Tadimepa TP mnoxasana Ha

puc. 8.7.

Bbixog Q m
i i i
Bpemsi PT = == = = e = — — — A
i i i
Bbixog ET L L )

Puc. 8.7. Bpemennasa nuarpamma pa6oTsI Taiimepa TP

Ha pwuc. 8.8 mokasaHo 1mpo- PULSE
creliliee mpumeHenue O0goxa TP Ll NOT
B KauyecTBe TreHepaTopa KOpOT- bx —IN Q — bx
KNX MOPAMOYTOJBHBIX WMIIYJIb- T#5s—|pT et

COB. HJII/ITEJILHOCTI: IIay3bl 3ama-

ercsa Taiimepom. HauasbHOe €O- Puc. 8.8. Ilpumep HCIOIb30BAHHSA
crosume bx = 0. B mepBoM IukK- 6moxa TP
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Jge bx monyuur suHauenme 1 Omaromapsa muasepropy NOT. Tax gopmu-
pyerca (GppoHT 3amycKa, KOTOPLII mocTymaer Ha Bxon IN rTaiimepa B
TpeTbeM IuKJe. VIHBepTOp (hopMuUpyeT (GPOHT 3amycKa II0 KarKIOMy
cIaay BBIXOJa TarimMepa.

TOF maiimep c 3a0epickoll 6blKAI0UEHUA

TOF
IN BOOL Q BOOL
PT TIME ET TIME

ITo ¢pouTy Bxoma IN Beixon Q ycranasiampaetrcsi B TRUE. C6poc
cueturnka ET m Hauajgo oTcueTa BpeMeHHU IIPOMCXOIUT IO KaXKIOMY
cumany Bxoma IN. Beixox Q O6yzmer cOporien uepes 3amanuoe PT Bpemsa
mocJjie craja BXOJHOTO curHasia. Eciau Bo Bpemsa orcuera Bxon IN Oy-
nmer ycranoBiaeH B TRUE, To orcuer mpuocranaBiamBaercs. Takum 00-
pasoM, BBIXOJ Q BKJOUaeTcAd IO (POHTY, a BBIKJIOUAETCA JIOTHUE-
CKUM HYJIEM IPOJOJIXKUTEJIbHOCTHIO He MeHee PT.

Bpemennasa puarpamma paborekl Taiimepa TOF mokasana Ha
puc. 8.9.

Bbixog Q J

i
i
Bpems PT— —
!
i
i
|
:

Bbixon ET

Puc. 8.9. Bpemennasa nuarpamma pa6otsl Taiimepa TOF

TON maiimep ¢ 3adepicKoli 6KNI0OUEHUSR

TON
IN BOOL Q BOOL
PT TIME ET TIME

ITo ¢ppouTy Bxoma IN BhITONHsAETCS OOHYJE€HUE CUETUMKA W HAUU-
HaeTcsl HOBBIM oTcueT BpeMeHU. Brixon Q 6ymer ycranoBieH B TRUE
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uyepes samanHoe PT Bpems, ecau IN OyaeT mpomosiKaTh OCTaBATHCA B
cocrosgunu TRUE. Cnax Bxoga IN ocramaBiamBaeT oTcueT U cOpachiBa-
et BeIixoa Q B FALSE. Takum o6pasoM, BEIXOMI Q BKJIIOUAETCS JIOTHYE-
CKOII eIUHUIEN IPOMOJIKUTEIbHOCThI0O He MeHee PT, a BeIKJIIOUaeTcs
mo cunany Bxoxa IN.

Bpemennaa pguarpamma paborel Tadimepa TON moxasana Ha

puc. 8.10.
pon— L]

Bbixoa Q

i i

| P

i i

| i

1 =

| i
Bpems PTT'—-—-H-

\ T

| P

| i

! 1
Bbixog ET AN

Puc. 8.10. Bpemennasa nuarpamma pa6ots! Taiimepa TON

PRSP NS IS,

RTC uacwvl peanvnoz0 épemenu

RTC
EN BOOL Q BOOL
PDT DATE_AND_TIME CDT DATE_AND_TIME

IIpu cosmanum osr3eMmIasdpa 0J0xa, moka Bxong EN pasen
FALSE, sBeixonq Q@ pasem FALSE, a Bwmixogx CDT pasen
DT#1970-01-01-00-00:00:00. ITo mepenuemy ¢ppouty EN B uach 3a-
rpy:kaercsa HauajabHoe BpeMsa PD um HaumHaercsa orcuer. Iloka dachl
paborator, Beixom Q = FALSE. Ecaiu EN mepeiizer 8 FALSE, CDT
cOpocuTca B HauaJabHOE 3HAUEHUE.

Onucannada peanusanusa 6oka RTC BbeI3bIBaeT Maccy CJI0XKHOCTeI.
OueBUIHO, YaCHI JOJKHBI IIPOJOJIXKATH CBOIO PAa0OTy IPU BBIKJIIOUEH-
goMm nuranuu IIJIK. KoppeKiusa xoma 4acoB OTAEJNbHBIX 9K3€MILIAPOB
dyurmuoHanbHOro 6J0Ka RTC moysKHA OCYIIECTBASTHCA Ha MPUKJIA-
HOoM ypoBHe. MHorme IIJIK mmeroT anmapaTHO peaJM30BaHHBIE YaChI
peanbHOTO BpeMeHHU. I[OCTym K ammapaTHBIM dYacaM Tropasfo IIPOoIIle
OpraHm30BaTh uUepeld IMPSIMO aJpecyeMble AUYEHKU IaMATH, UYeM IIO[-
nmepsxuBaTh 610K RTC.

Kpome Bcero mpouero, mporpaMMHUpOBaHUE 3afad yIPaBJIEHUSA II0
yacaM peaJIbHOTO BpPeMeHH JOCTATOYHO KOBapHO. MIHOrma dachkl MOTYT



182 T'maBa 8. CranmapTHbIE KOMIIOHEHTHI

uatu Hasan! Hampumep, mpu KOppeKIUM WIN IIepexone Ha 3uMHee
BpeMs. B mactosIiee BpeMA QYHKIMOHANLHBIN 610K RTC mckiaouen
u3 crangapra MOK.

8.2.2. Tpurreps:

Pa6ory Tpurrepos SR u RS jerue Bcero moHATH IO aHAJOTUU C
9JIEKTPUUECKUMU ycTporicTBamMu. IIpemcraBbTe cebe sIeKTPUUECKUI
nyckareab. A mepexaooueHusa emMy HY:KHBI 2 KHONKu «IIYCK» u
«CTOIIl». KHOIKM He MMEIOT MeXaHWUeCKoW (puKcamuu, mepeKJoue-
HUe BBIMOJHAETCS KOPOTKMM HaKaTWeM KHOIOK. Ilyckarenb cam
(uUKCHUpyeT CBOE COCTOSAHUE.

Nmenno Tak paboraior Tpurrepsl SR u RS. X moBenenue orimua-
eTcs TOJBbKO IPU OJHOBPEMEHHOM HasKaTuu 00ermX KHOIOK. B 0JoKe
IOMUHAHTHOI ycTaHOBKU SR moberxmaer «ITYCK». B 6;10Ke moMuHAH-
THOTO cOpoca RS moGexkgaer «CTOII».

SR nepexntowamenv ¢ 00 MUHAHMOU 6KNIOUEHUA

SR
SET1 BOOL Q1 BOOL
RESET BOOL
Biok SR wmmeer aBa ycroiumBbix cocrosguusgs Q1 = TRUE u

Q1 = FALSE. Ha saswsike ST pabora 6Ji0Ka OIHCBIBAETCS BhIpaske-
HUEeM:

Q1 = (NOT RESET AND Q1) OR SET1.

Bxon SET1 Bxiaiouaer BuIxon, Bxon RESET — Brikaiouaer. Ilpu
OJHOBPEMEHHOM Bo3elicTBuu 000oux BxomoB Bxona SET1 aBasercsa mo-
MHUHAHTHBIM.

RS nepexariamens ¢ JomMuHaHmMOU 6bLKNIOUEHUA

RS

SET BOOL Q1 BOOL

RESET1 BOOL
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Bioxk SR wumeer gaBa ycroiiumBbiXx cocrosiauss Q1 = TRUE u
Q1 = FALSE. Ha szuike ST pa6GoTa 6JI0Ka OIMCHIBAETCSA BLEIPAYKEHUEM:

Q1 = NOT RESET1 AND (Q1 OR SET).

Bxox SET BxatouaeT BbIXOn, Bxog RESET1 — Boixkatouaer. IIpu
OIHOBPEeMeHHOM BoazaeiicTBuu oboux BxomoB Bxoag RESET1 aBasercsa
ITOMUHAHTHBIM.

8.2.3. JleTeKTOPHI UMILYJIHCOB

,I[ETeKTopr NMITYJIBCOB IIPDE€AHA3HAYUEHbI OJIAd IIPDMMEHEHUA B CIIy-
yae, Korga Tpebyerca peakIid He Ha COCTOSHUE AUCKPETHOI'O CUTHA-
Jla, a Ha ero um3MeHeHNe.

R_TRIG demexmop nepednezo ¢pponma

R_TRIG

CLK BOOL Q BOOL

dyurnuoHanbHbI 670Kk R _TRIG reHepupyer eIUHUYHBIA WM-
OyJbC 10 HmepeaHeMy ()POHTY BXOJZHOTO CHUTHAJA.

Peanusamnus 6yioka TpeOyeT OOHOII BHYTPeHHeIl IepeMeHHOn M:
BOOL := FALSE. Ha sizeike ST 6JIOK peanmusyercs Tak:

Q := CLK AND NOT M;
M := CLK;

Brixon Q ycramaBauBaerca B TRUE, ecau B mpembigyiemM IuKJe
Bxong CLK 0Owii paBer FALSE, a B TexyIem IUKJIE OH y)Ke MMeeT 3HA-
yenue |RUE. Ilpu ciemyiomiemM BbIB0Be (YHKITMOHAJIHLHOTO 0JIOKA BBI-
xon copaceiBaercss B FALSE. Ilepemennaa M samoMuHAaeT 3HAYEHNE
CLK B mpennIayIeM IIUKJIE.

Ecnu ma Bxox CLK momats koHcTauTy TRUE, To ipu mepesamycke
I1JIK Ha BRIXOZE Q OymeT chopMUPOBAH eIUHUYHBLIN UMIYJIbC. AHAJO-
ruuHo, ecau Bxon CLK cBsizaH ¢ ammapaTypoil U yKe mMeeT 3HaAUeHNe
TRUE, sksemmiasap R _TRIG chopmMupyer JOKHBIN €IUHUYHBIA WM-
nyJbC IMPU MepBoM BhI3oBe. Eciiu ObI mepeMeHHas M mmesia HavaJabHOE
suauenue |RUE, To so:KHOTrO MMIIyJibca He BO3HUKAJIO Obl. B ciayuae,
KOT[a 9TO ABJIeHUEe He KeJaTeJIbHO, MOXKHO CO3IaTh COOCTBEHHBLIN Oe-
30MAaCHBIN JeTeKTOp (PPOHTA WM IIPUMEHUTD IIYCTON BBEI3SOB SK3€MILJI-
pa Tpu HaYaJbHOW WHHUIIMAJu3alnuu. TakKkoe IOBeIeHUE IETEKTOPOB
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(GPOHTOB He ABIAETCS OIMINOKOM, MOCKOJBKY BO MHOTHX CJIyJYasax Haua-
JBHBIA UMITYJIBC OKA3bIBAETCA JKEJIATEIbHBIM.

F_TRIG 0emexmop 3adnezo ¢pponma

F_TRIG

CLK BOOL Q BOOL

dyarknuonaabubii 6ok F TRIG reHepupyeT eIuHUYHBIA WM-
OyJIBC 1O 3a7HeMY (DPOHTY BXOJHOTO CUTHAJA.

Peanusamnus 6yioka TpeOyeT ONHOII BHYTPEHHell mepeMeHHON M:
BOOL := FALSE. Ha saswike ST 6JI0K peaqusyeTcs Tak:

Q := NOT CLK AND NOT M;
M := NOT CLK;

W3 cpaBHeHUs [OBYX peanusaluii oueBuaHo, uto 6ok F_TRIG
npeBpamaerca B R TRIG Britouenuem Ha Bxone maBepropa NOT.

ObpatuTe BHUMaHuMe Ha npumeudanume K 00Ky R _TRIG. Biok
F _TRIG Tak:ke o6aamaeT cBOMCTBOM (DOPMUPOBATDH JOMKHBIN UMITYJIbC
Ipu IIepesamnycke.

8.2.4. CueTunku

Tenepb paccMOTpMM peayin3alnivi0 CUETUYNKOB.

CTU unkpemenmHblll cuemuuk

CTU
CU BOOL Q BOOL
RESET BOOL
1% WORD Cv WORD

ITo raxxkmomy ¢pouty Ha Bxome CU sHaueHue cueTumKa (BBIXOI
CV) yBenuumBaetrca Ha 1. Beixom Q ycranaBiauBaetrcss B TRUE, korma
CUETUYUK JOCTUTHET WJIU TPEeBBICUT 3amaHHBIN PV mopor. Jlormueckas
enuuuia Ha Bxonae copoca (RESET = TRUE) ocranaBiuBaer cuet u 00-
"yaser cuetruyur (CV := 0).
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CTD Oexpemenmuulil ciemuuk

CTD
CD BOOL Q BOOL
LOAD BOOL
PV WORD Cv WORD

ITo xkammomy ¢pouty Ha Bxome CD cuerunk (Buixon CV) ymensbina-
erca Ha 1. Beixoxg Q ycramaBiauBaerca B TRUE, Korma cueTuukx mgo-
crurier HyJasa. Cuerumk CV sarpy:kaercsa HavaJbHBIM 3HAYE€HUEM,
pasabiM PV mo Bxony LOAD = TRUE.

CTUD unkpemenmubulii / 0exkpemenmHbL cLemuuk

CTUD
CU BOOL QU BOOL
CD BOOL QD BOOL
RESET BOOL
LOAD BOOL
PV WORD Cv WORD

ITo smauenuio Bxoma RESET = TRUE cuerumx CV cGpacwiBaeTcs
B 0. ITo smauenuio Bxoga LOAD = TRUE cuerunk CV sarpy:xaercs
3HaueHUeM paBHBIM PV.

Ilo dpouty Ha Bxome CU cueruuk yBesmumBaerca Ha 1. Ilo dpon-
Ty Ha Bxoge CD cueruuk ymensbitaerca Ha 1 (mo 0).

Brixox QU pasen TRUE, ecaiu CV >= PV, unaue FALSE.

Brixox QD pasen TRUE, ecau CV = 0, nnaue FALSE.

8.3. Pacuinpennsie 0UOJIHOTEYHbIE KOMIIOHEHTHI

B sToM paszesie ommcaHO HECKOJIBKO INTMPOKO PACIPOCTPAHEHHBIX
GYHKIIUA 1 QYHKINOHAJLHBIX 0JIOKOB, PEAJIN30BAHHBIX IIPAKTUUECKHU
BceMu KoMmiiekcamu mnporpammupoBanusa IIJIK. B CoDeSys omnucas-
Hble OJIOKM BKJIOUeHBI B cocTaB Oubiamoreku ytuauT (UTILS). Bub-
JIMOTEKa peajn30oBaHa KaK BHYTPEHHAA, T. €., HAIKWCaHa UCKJIIOUUTE-
abHO Ha a3biKax MOK (ST) u moctymHa 1y peJaKTUPOBAHUS.
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8.3.1. I1o6UTOBBIN TOCTYHI K I€JBIM

JJa To6GUTOBOTO MOCTyHA K ITeJIBIM UCIOJB3YIOTCA CJIEAYIOITNe WH-
CTPYKIIUN.

EXTRACT

Yreuue oura. Pyurinua EXTRACT tuna BOOL umeer 2 mapamer-
pa: DWORD X u BYTE N. Bosspamiaer TRUE, ecaiu 6utr momep N B
yucae X pased 1, B mporuBHOM ciayuae — FALSE. Hymepamus Gur
HaumHaercs ¢ 0.

PUTBIT

3anucey Oura. P@Pyurnua tuma DWORD wumeer 2 mapamerpa:
DWORD X, BYTE N u BOOL B. ®yukmnus Bo3Bpariaer X ¢ YyCTaHOB-
aeausIM B 1 6utom N, ecaiu B paBen TRUE. B mpotuBHOM ciayuae 3a-
JaHHBII OuT mpuHuMaeT 3Hauenue 0.

PACK
VnakoBKka 3HaueHUII BOCBMU JIOTUUECKUX IIePeMEHHBIX B OauT.
dyurknusa PACK moanyuaer Bocemb mapamerpoB B0, B1, ..., B7 tTuma

BOOL. Boaspaitaemoe 3uauenue tuna BYTE comep:XuT mo6uTHoO yma-
KOBaHHBbIE 3HAUEHUS BXOJHBIX IIapaMeTpPOB.

UNPACK

PacnakoBka 6aiiTa B BOCBMU JIOTUYECKHUX IepPeMeHHbIX. PYyHKIINO-
"HaabHbl 010k PUTBIT umeer Bocemb BxomoB Tuna BOOL u BBIXOX
tunta BYTE, Beimosnsier obopaTtHyio mo orHomrennio k¥ PACK pacmna-
KOBKY.

IIpumep QyHKIIMOHAJIBHOrO O6JioKa Turn, M3MeHSIONIIETO IOPSII0K
out B OaiiTe HA OOpPATHBIM:

FUNCTION_BLOCK Turn
VAR_INPUT
In: BYTE;
END_VAR
VAR_OUTPUT
Out: BYTE;
END_VAR
VAR
B0,B1,B2,B3,B4,B5,B6,B7: BOOL;
UNPACKER: UNPACK;
END_VAR
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UNPACKER(B:=In, BO=>B7, B1=>B6, B2=>B5, B3=>B4,
B4=>B3, B5=>B2, B6=>B1, B7=>B0);
Out := PACK(BO, B1, B2, B3, B4, B5, B6, B7);

8.3.2. T'mcrepesuc

dyuknuonaabubii 6,10k HYSTERESIS (cMm. puc. 8.11) peamusyer
KoMIiapaTop, obJsagaromiuii ahpeKToM rucrepesuca.

HYSTERESIS
—IN ouT [—
— HIGH /
P
—Low

Puc. 8.11. ®Pyuxuuonaasusiii 610k HYSTERESIS

Ecnu snauenme Bxoza IN mpesswimraer mopor HIGH, Brixoxg OUT
mpuobperaer suauenue FALSE. Eciu smauenue IN memnbIiie mopora
LOW, Beixon OUT paseu TRUE. B npegenax or LOW mo HIGH Bbixon
dyurmuonanabuoro 6isoxka HYSTERESIS ne usmensiercsa. Peanusanus
6Jsioka Ha a3bike ST oueHb mpocTa:

IF IN < LOW THEN
OUT := TRUE;
END_IF
IF IN > HIGH THEN
OUT := FALSE;
END_IF

Bce tpu Bxoma IN, LOW u OUT — rtuma INT, Beixog OUT rtuma
BOOL.

ITpumenenue pyurmuonasbuoro 6iaoka HYSTERESIS nemoncTpu-
pyert puc. 8.12.

U U

Puc. 8.12. Cenerknusa umnyabcoB ¢ momombsio HYSTERESIS
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8.3.3. IloporoBsrii curHajxusaTop

dyuxknnonanbubiii 610k LIMITALARM oTcieskuBaeT COOTBETCT-
BUe 3HAUEHUsA BXOJa 3aJaHHOMY AUAIas3oHy. Pe3yabTaT hopMupyercs
C IIOMOIIBIO JOTUYECKUX BBIXOJOB — MeHbIIle, 00Jbllle, HOpMa. Beiu-
ypHa BxoaHoro curHaina IN cpaBHuBaercs ¢ BepxHuM HIGH u Hux-
auMm LOW moporamu. Bce BXomHbIe IIepeMeHHBIE IIeJIOT0 TUIIA CO 3HA-
koM (INT). Tpu gorumueckux (BOOL) BBIXOZa COOOIIAIOT PE3yJILTAT
CpaBHEHU:
e Beixon O curHagausupyer o moBbIIIeHHOM 3HauveHuu (IN >
HIGH);
e BbIxon U curHanusupyer o moHmKeHHOM 3HaueHUU (IN < LOW);
e BeIxon IL coobmaer o momyctumom suHaueHuu (LOW<= IN >=
HIGH).
Ha puc. 8.13 npousntoctpupoana pa6ora LIMITALARM. 3zech
aMILJIUTyla BXOJHOTO CUHYycouaJIbHOTO curaajga pasua 1000 eguaMIII.
Bepxuwuit mopor — 600, aHmkHMI mopor — — 600.

ANVAWAWA

(0]

u

Puc. 8.13. Hanmrocrpanus padoTsl (PyHKIIMOHAJIBHOTO 0J0KA
LIMITALARM

8.3.4. OrpannyeHnne CKOPOCTH U3MEHEHHMSA CHUTHAJa

dyuxnnonanbabiii 010k RAMP orpannumBaeT CKOpPOCTbL H3MeEHe-
Husa curayga. RAMP umeer 1 seixoz OUT u 5 BXozos:

IN BXOIOHOU CHUTHAJI

ASCEND MaKcUMaJIbHOe HapacTaHue
DESCEND MaKCHUMAaJbHLINA CIal
TIMEBASE BpeMs HapacTaHU:d/craja
RESET copoc (BOOL)
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Ecnu HOBOe 3HAueHWe BXOJa II0 CPABHEHUIO C MPEABIAYIIIUM BBI-
pociio meubitie, uem Ha ASCEND, mam yMeHBIIHNJOChL B IIpeaesax
DESCEND, curnan 6ecOopensiTCTBEHHO IIepemaeTcs Ha BBIXOA. B ciy-
yae CJIMUINKOM OBICTPOTO pOCTa UJIM CIlafla CUTHAjla ero M3MeHeHUe
orpaunuuBaerca. TIMEBASE s3agaer BpeMsi, 3a KOTOPOe OMIpeneser-
csA usMeHeHue. MTIHOBEHHOE M3MeHEeHNe BhIX0/a PACCUUTHIBAETCA TaK,
yTOOBI 38 3aJaHHBLIN MHTEPBAJ He MPEBBICUTHh YCTAHOBJIEHHBIE IIOPOTH.
Ecau TIMEBASE pasen t#0s, To B KauecTBe MHTepPBaja HNCIOJIb3yeT-
cA OOUWH ITUKJ BBIB0BA 9K3eMILIAPa PYHKIIMOHAJIBHOTO OJIOKA.

Copoc (RESET := TRUE) BbI3bIBaeT MTHOBEHHOE ITpHCBauWBaHUe
BBIXOAY BXOAHOTO 3HaueHus. llocsie cusATUS cOpoca OTCIEKUBAHUIE
MB3MEHEeHUH IIOUIeT ¢ TEeKYIero 3sSHaUeHM!s.

B 6ubaunorexe UTILS GpyHKIMOHAIBHBIN OGJOK peain30BaH IBaK-
nei: ana curHana tuna INT (RAMP_INT) u REAL (RAMP_REAL)
(cMm. mpumep Ha puc. 8.14).

Puc. 8.14. I'pa¢dux BxoaHoro cursHaja u Beixoma RAMP

8.3.5. HuTepmoaanusa 3aBUCUMOCTeM

dyaknuonaabubii 6ok CHARCURVE (puc. 8.15) BBIMOMHSAET
KYCOYHO-JTUHENHYI0 MHTEPIOJAINI0 3aBUCUMOCTEM, 3aJaHHBIX BEKTO-
poM 3HauYeHUIl y3JIOBBIX ToueK. HamoMuHaeMm, UTO HMHTEPHOJISAIIUA
0O3HAYAeT BHIUMCJICHWE 3HAYEHUI 3aBUCUMOCTH, 3aJAHHON Y3JIOBLIMU
TOYKAMHU B IPOMEKYTKAX MEXKAY 95TUMHU TOUKAMU.

CHARCURVE

—IN OUT |—

—N ERR |—

Puc. 8.15. ®Dynxnuonanasusiii 610k CHARCURVE
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IIycts  BXOmHOE  3HAUYEHWE X  I[IPUHALJIEKUT  HUHTEPBAJIY
X, <x < X,,;. Torga y ne:xut Ha oTpe3Ke IPAMOIi, COeJUHAIOIIEM CO-
orBeTcTByIomue ysaoBble Touku (X,,Y,) m (X;q,Y;1). 3HaAUeHUE ¥y
ompegenageTcsa Mo GopMyJie IPAMOIL:
Y

Y,
y=Y, + 1% (xeX).
Xi+ICXi

B dpyurknuonansuom 6s10ke CHARCURVE pmisa yao6ecTBa BhIUMCTIE-
HUA ucnoabsyerca uurepsai (X, ;,Y, ;) u (X,;,Y;). To ects uHTEpIONA-
ousA onmpaeTcs He HA HAUYaJbHYI0, & Ha KOHEUHYIO Y3JIOBYIO TOUKY
uHTepBaJia. B aToM ciyuae hopmysia BBHITJISAAUT TaK:

Y. cY,
y=Y, CM(Xi cx).
Xi CXicl

BexkTtop ysmoBeix Touek CHARCURVE mosken ObITh IIpeaCTaBJIeH
B Buzme maccuBa ARRAY P[0..10], rme P — crpyxTypa tuma POINT,
cocrosmiaa u3 Apyx nepemeHHbX INT — X u Y. Bxog N (BYTE) yxka-
3BIBAET YHMCJIO Y3JIOBBIX TOUEK, KOTOpOe He JOJKHO ITpeBbImarh 11,
YTO COOTBETCTBYET HeCATH OTpPe3KaM WHTepmoJaAluu. JlamHble Ionaa-
forcss Ha BxoA IN (INT) u mocie mpeo6pasoBaHUsA MOCTYIIAIOT Ha BBI-
xom OUT (INT).

V3y10BBIE TOUKM TOJYKHBI OBITH OTCOPTUPOBAHLI B IOPAJKE BO3pac-
Tagua 3HaueHud X. Beixom ERR pmaer amarHOCTHMKY BO3MOMKHBIX
omnboK npuMeHeHuA QyHKIuoHaabHOoro 6ioka CHARCURVE:

ERR Pacmugposka
0 OmuboK HeT
1 MaccuB TOUEK OTCOPTHUPOBAH HEBEPHO
2 BxonHoe 3HaUeHUe JIEXKUT 34 IIPEeIesioM 00JIACTU OIpPeIeIeHIs:

IN < P[0].X mmu IN > P[N-1].X

4 Heponycrumoe suauenue N: N < 2 uau N > 11

IIpu ob6mapy:xeuunm omubku Bbixon OUT mpuHuMaer 3HaueHme
PaBHOe HYJIIO.

IIpumenenune 6;10ka CHARCURVE moapo6HO ITPOUJIIIOCTPUPOBAHO
B npuMepe «JIMmHeapusausa n3MepeHuin».
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8.3.6. IuddepenmupoBanue

dyuxknuonanbabiii 010k DERIVATE ocyiiecTBiaseTr dYucieHHOe
nuddepeHIIMPOBaHNEe BXOAHOTO curnasa (puc. 8.16).

I

Puc. 8.16. [IuddepenuupoBanue NpaMOyrojJbHOr0 UMILYJIbCa

IIpousBomHYI0 CUTHAJa MOKHO BBIUNCJIUTH, 3HAS IBE OPAUHATHI U
mpupalieHue BpeMeHU. PasgnenuB nmpupaleHrue CUTHaJa Ha IIpUpalie-
HUe BpPeMeHU, MOJYyYUM HPUOJMIKEHHO 3HaueHWe MPOU3BONHOM. s
HOJIyYEeHUs TOUHOTO 3HAUEHUA HEOOXOAMMO WCIIOJH30BATh OGECKOHEUHO
MaJjioe IpUpalleHre BPeMeHU, UTO HEBO3MOYKHO Ha IIpaKTuKe. Pacuer
TPOM3BOMHON IO ABYM TOUKAM JAaeT XOPOIIIMe Pe3yJabTaThl IPU TOUYHBIX
3HaueHusx opaumHar. [Ipu pabore ¢ oruppoOBaHHBIMU PE3yIbTaTaAMU U3-
MepeHuil 00A3aTeJbHO IPUCYTCTBYET IIOTPEITHOCTh KBAHTOBAHUA W,
KaK IIPaBUJO, APYTHMe BBICOKOUACTOTHBIE INIYMBI PABIUYHOM IIPUPOMBI.
HesnauutenbHoe OTKJIOHEHNE OPAWHATHI OMHOI M3 MBYX TOUYEK CYIIECT-
BEHHO BJIMseT Ha pesyuabTar. IloaToMy GYHKIIMOHAJBLHBIA OJIOK
DERIVATIVE ucmnosn3yer 60jiee COBEPIIIEHHYIO (POPMYJIY, TOIYUEHHYIO
HaA OCHOBE MHTEPIIOJIAIIMOHHOrO IMOJUHOMA 10 YeThIPEM OPAMHATAM.

Onucauubiii 5QPeKT mpencrasiaeH Ha puc. 8.17. Ha rpaduke cur-
Hajia (PKUpHaA JUHUS) MOKA3aHbl YeThIPe Y3J0BbIe TOUKHU. IIOCKOIBKY
MBI TOBOPUM O CHUT'HAJIEe, II0 OCU a0CIIHCC OTJIOYKEHO BpeMsi, II0 OCH Op-

Puc. 8.17. IuddepeHnupoBaHue mo IByM U II0 YeTHIPpEM TOYKAM
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OIUHAT — YPOBEHb curHaja. TOYKM MPOHYMEpPOBaHBI TaK, UYTO 0OJb-
MUH WHIEKC COOTBETCTBYET 0oJiee CTapblM 3HAYEeHUAM. 37eChb Y, —
TeKyIllasg opauHaTa, Y, — npenbiayiias. Arajgoruyno: T, — aTo uH-
TepBaJ BpeMeHU MexXay Y, u Y, u T. 4. OTKJIOHEHUe OpAUHATHI Y,
BBEPX MMHUTHUPYET HAa PUCYHKe IIIyM peasbHOro cuUrHajsa. Paccumram-
Had IO OBYM TOUKaM Y, u Y, IpOM3BOAHAs IpuMepHO paBHa 2,03.
IIpamasa TuHMA ¢ TAKUM TAaHTEHCOM yIJia HaKJIOHA 00O3HAUeHAa Ha PU-
cyuke mnugpoii (2). IIpamas (4) coOOTBETCTBYeT pacueTy IPOU3BOIHOMN
o ueTesIipeM ToukaMm (tg = 0,99).

Bxogammuit B 6ubnuoreky yrtuautr CoDeSys (GyHKIIMOHAILHBIN
6ok DERIVATIVE paccuuThiBaeT 3HaUeHNe IPOU3BOIHOMN IIO CJIEIY-
foreit (opmy.ie:

OUT :=@3B(Y,-Yy) +Y,—-Y,) /BT, + 4T, + 3T,).

WHTepBasMbl BpeMeHU MeXKIY 3aMepaMu He00A3aTeJTbHO [TOJIKHBI
OBITH PABHBIMU.

OpauHATHI TOUEK 3aIIOMUHAIOTCS 32 UEeThIPe IIOCJIETHUX BBIBOBA K-

3eMILJIApa (I)YHI{I_II/IOHaJILHOI‘O OJIoKa. HpI/I KaXa0M OouepeaHOM BBI3OBE
JK3eMIlJIApa 3HAYEeHUA COABUTAIOTCHA:

Y=Yy, Yo=Y, Y1 =Y.
T2 =T1, T1 = TO.

(%] 5ampling Trace O] x|
Trigger
Var 0
|PLC_PRG.rsin =]
Var 1
|PLC_PRG.D 7]
4 Var 2
700 150 200 250 !?Li—PRG"C“sj
o I)I
rSin := SIN[iN*0.0314159); -

rCos ;= COS[IN*0.0314159); |

fDERIVATIVE[IN:=rSin . TM:=1, RESET:= FALSE]);
rD ;= iDERIVATIVE.OUT } 0.0314159;

iN = iN+1; 4

|
ooo1
oooz
0003
0on4
0005
0006
4 | L4

Puc. 8.18. IIposepka pa6orsl pyHKImOoHAIbHOr0 0J0Ka DERIVATIVE
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dyurnuonanbabiil 6,10k DERIVATIVE umeer 3 Bxozma:

IN REAL BXOJHOE 3HaUeHHe
™ DWORD npupallesHre BpeMesnu (B Mc)
RESET BOOL cbpoc

3HaueHWe ITPOM3BOMNHOI JaeT enuHCTBeHHBIN BbIixoxm OUT tuma
REAL. [Ina npuBenenHoi Brime opmyast Y, ato IN, a T, coorBercrt-
BeraHo TM. Bo Bpems c6poca (RESET = TRUE) u npu HauaiabHOU WHU-
muaaul3anuu dK3eMIIApa (IIepBoM BbIBOBE) OpPAMHATHI Y3, Y, M Y,
npuauMaioT 3Havenue IN, Beixom OUT pasen 0.

IIpumenenue QyukuuoHanbHOoro 6oxka DERIVATIVE wuantoctpu-
pyer ciaenymoimuii mpuMep. Pe3yiabTaThl TPACCMPOBKM IO IMKJAM U
okHO Tekcrta mpumepa (ST) moxasanbl Ha puc. 8.18. Kak maBecTHO,
TPOMBBOLHAA OT (PYHKIIUU CUHYCA — KOCHUHYC, UTO IOATBEPIKAAETCS
KPUBBIMU TPACCUPOBKIU.

MaJstozameTHas TOHKOCTL (yHKImOHAAbHOTO 610Ka DERIVATIVE
BBI3BAHA TeM, UTO OH OIHMpPAaeTcs Ha (GopMyJy IIeHTPUPOBAHHON pasHO-
cTtu. PakTUYECKU OH BBIUMCIAET MIPUOJIUIKEHHOEe 3HAUEeHUEe IPOU3BO/I-
HOU [JIs TOYKU COOTBETCTBYIOIIel IeHTPY mHTepBasa T;. B pesyin-
TaTe BBIXOJ 3a[ePyKaH II0 OTHOIIEHUIO K BXOJY Ha OMWH C IIOJOBUHOM
IUKJ BbI30Ba 9K3eMILIApA.

8.3.7. HurerpupoBanme

dyurnuonanbHblil 6710k INTEGRAL Bbiunciser npudbInKeHHOE
3HAUEHUE OIPEeJeJIEHHOTO WHTerpaja BXOJHOTO curHaga (cMm.
puc. 8.19).

dyuknuonaabubiil 610K INTEGRAL umeer 3 Bxozma:

IN REAL BXOJHOE 3HaUeHUe
™ DWORD npupalleHnue BpeMeHu (B Mc)
RESET BOOL cbpoc

3uauenue wunHTerpasa npaetr Bbiixom OUT. Brixom OVERFLOW
(BOOL) curmajmsupyeT O IMEPErNoJHeHUM MAKCUMAJbHOTO 3HAUEHMS

nepemennor OUT tuna REAL.
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0

Puc. 8.19. HHTerpupoBaHmNe TPEyroJbHOT0 UMILYJIbCa

Ilepex HauvasioM BBIUMCJIEHUIN HEOOXOAWMO BBIIIOJHUTEL CcOPOC
(RESET). [lanee 3amaHHbINI WHTEPBAJ WHTEIPUPOBAHUA pasbuBaeTCs
HaA HECKOJIbKO MaJIbIX yacTeil. 3HaUeHUe MHTerpaJjia BbIYUCJIAETCA IIy-
TeM IUKJUYECKOro cymMMupoBaHusA. IIpu KakaoM BbIZOBE 9K3eMILIS-
pa QYHKIMOHAJIBHOrO 0JIOKA OH MOJydYaeT Ha BXOA HOBOE 3HAUEHUE
IN um coorBercTByIoliee emy mnpuparieHue BpemeHu TM. MuTerpas
paccuuThIBaeTCA IPUOIMIKEHHO MEeTOIOM IPSAMOYTOJHEHUKOB
(cm. puc. 8.20). 3HaueHme HMHTerpaJjia MPUOJMKEHHO PaBHO CyMMe
miomaneii npaAMoyroabHuKoB. Ha sspike ST peanusanus ZaHHOTO
dyHKIIMOHAIBHOTO OGyioKa (0e3 cOpoca) ommUchIBaeTCA OJHUM BBIpaske-
HueMm : OUT := OUT + IN * TM. COpoc BBIIOJHAETCA YCTAHOBKOI
suaueHua Bxoma RESET B TRUE, ou BbI3BIBaeT O0HyJIeHUE CYMMBI U
CHUMAaeT MPU3HAK MEPEeTOHEeHUA.

——

™

Puc. 8.20. ITpununun pa6ors! ¢pyaxkmuonaasuoro 6i1oka INTEGRAL

Pabory ¢pyrkmmonasbHoro 6Joka INTEGRAL uinoctpupyer cie-
nytomuit mpumep. IlpoumnTterpupyem ot 0 mo 27 curHas, 3aJaHHBIN
dopmyaoir AC = 10 + 4 sin x + 2 sin 2x. Peanusanus mpuMmepa Ha
a3eike ST m oKHO TpaccupoBKHU IIoKasaHbl Ha puc. 8.21. MuTepBan
unTerpupoBanud [0,2n] paséut Ha 200 yacreii.

O6paTute BHUMaHue, uTo pyHrnuonaidbHbie 010Kk DERIVATIVE
u INTEGRAL peanusyiT TOJIbKO MaTeMaTUYECKUU aJTrOPUTM U He
3aHUMAIOTCSA CaAMOCTOATEJHLHO 3aMEpOM IIPUpAIlleHusA BpeMeHU (Kak,
"Hampumep, RAMP). 9Ty onmepanuio HeOOXOIMMO BBITIOJHATH BHEIITHU-
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=
Trigger
16 | |
Yar 0
[PLC_PRG.raC |
Var 1
| =
D Yar 2
50 100 150 200 250 | -1
rAC := 10 + 4*SIN(iN*0.0314153] + 2*SIN(iN*0.062831 al;ﬂ rAC = 6.127571 «]
0002
IF iN < 200 THEN iN = 150

iMN = iN+1; iN =150
fINTEGRAL[IN:=rAC , TM:= 1, RESET:= FALSE]; raC = 6.127571
ELSE
iN:=0D; iN = 150
rDC := fINTEGRAL.OUT { 200; [*nocT. cocTagasw
fINTEGRAL[RESET:= TRUE);

0010[END IF J;I d
K| W[ | ap

Puc. 8.21. BrigeieHune MOCTOSHHON COCTABJIAIONIEH CHUTHAJA

MU cpencTBaMu. B onmcanmax BeamumHa TM sagaHa B MUJIINCEKYH-
Iax, HO 3TO TOJIBKO JIUIIIb OTPaskaeT HauboJiee pacIpoCcTpPaHEHHYIO 00-
JacTh mpuMeHeHus. Ha camom fese HUUero He MelrnaeT padore QyHK-
muonaabHoro 6/ioka INTEGRAL ¢ mpousBOJILHBIM MACIIITa00OM Bpeme-
HU (CeKyHObI, Yackl W T. A.). Majo TOro, BoOOIlle He 00s3aTeJIbHO
OrpaHUYMBATHCA WHTErPUPOBAaHUEM II0 BpemMeHu. Hampumep, BBl MO-
'kete npumenuTh INTEGRAL nis pacuera pacxoma TOILIMBA 3a OTpe-
30K IIYyTU II0 MI'HOBEHHBIM 3HAUYEHUSM.

8.3.8. IIN]I-perynsarop

IIponopIinoHaNIbHO-UHTETrPAIbHO-IU(DHEePEHIINATbHBIA  PEryJIaTOD
(IINO) — »To HamboOJIee MIMPOKO MIPUMEHSAEMBIA TUII aBTOMATUYECKUX
PeryJsiTopoB ¢ 06PATHOM CBSA3BIO.

Paccmorpum kKpaTko, xKak paboraer IIU]l-perymarop. Ilpexnmosio-
JKUM, HEKOTOPBIN 00bEKT UMEEeT BXOJ, ITO3BOJSIONIUI YIPABIATH UM,
U JaTYNK, U3MEPAININil peakIinio 00beKTa (BBIXOAHAA IIepeMeHHasd).
Kpome Toro, Ha o0bEKT AEHCTBYIOT pasjNUYHBIE BO3MYyMIalolue (ak-
TOpBI. B pesynbTaTe BBIXOAHAA IMEepPEeMEHHAsA MOKET M3MEHATHCA JarKe
IpU IOCTOSTHHOM BXOIHOM 3amaHuu. PasHuia sagaHusa (9TAJIOHHOTO
BXOJHOTO CHTrHAajia) ¥ BBIXOJHONW IIepeMeHHOH o0pasyeT OIIHUOKY
yupaBieHus e(t). 3amaueil peryaAaTopa sSBJISETCI aBTOMAaTUYECKOe W3-
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MeHeHVe BXOJHOTO Bo3aercTBus y(t) Tak, 4TOOBI CBECTU IIOCJIENCTBUS
BOBMYIIIEHUHA K MUHUMYMY.

B saBucumocT; OT 00BeKTa YIIpPaBJIEHUSA BBIXOJHOW II€pPEMEHHOI
MOXKeT OBITH HAIIPAYKEHUe, JaBJIeHNe, TeMIIEpaTypa, CKOPOCTH IIepeMe-
IIeHuA U T. 1. B 001ieM caydyae BBIXOAHAsS IIepeMeHHas pearupyeTr Ha
n3MeHeHe BO3/[efiCTBIA 110 HEKOTOPOMY CJIO0KHOMY 3aKOHY C 3aIa3/bl-
BaHmeM. MartemMaTuyecKasa MOJeJIb TAKOTO O0bEKTa IIPEACTABISAET CO-
0oit cucremy auddepeHIINAIbHBIX YpaBHeHUM. Ha ocHOBaHUU MoOjen
00beKTa MOYKHO HAWTH ONTHMAJBbHBIN 3aKOH peryJjupoBanus. Ho aTo
IOCTATOYHO CJIOXKHAA 3aJada. B OOJBIIMHCTBE MPAKTUYECKUX CIYyUAEB
IPOMBIIIJIEHHON aBTOMAaTUKU NpuMeHdeTcsa yHuUBepcaabHBIN TN ]-pe-
rynarop. [1ysa Hero 3aKoH peryiaupoBaHusd (GopMUpPyeTcsa HACTPOH Tpex
KOHCTAHT, PACCUUTAHHBIX Ha OCHOBAHUU MOJEJIU O0BEKTa WUJIU IIOJO-
OpaHHBIX ONMBITHBIM nyTeM. Y paBHeHUe [IN]I-peryasTopa nuMeeT BUA:

1 t
YO =Y, + Kple@® + — | e + To 2D,
Tn
rae Y, — 3HaueHWe IpPU HyJieBoil omubke, e(t) — curHaa omwuoOKH,

Kp — xoapduinuenT nepemgauu, I'n — NOCTOAHHAA MHTETPUPOBaHUA,
Tv — nocrosauHad AudGePeHITNPOBAHNS.

Ha puc. 8.22 mokasaHBI pe3yJabTaThl TPACCUPOBKMU CHUCTEMBI C Pe-
T'yJIATOPOM HA OCHOBE (PYHKIIMOHAJIBHOTO Gyioka PID mpu emuHmUYHOM
CKauKe CHUTHAJIa yIpaBjeHUs. BepxXHAA KpuUBas COOTBETCTBYET Ilepe-
XOOHOW XapaKTepUCTUKe o0BheKTa yIpaBiieHus. Bropasd KpuBad —
BbIXOAHAsA mepeMeHHasa B cucteme c¢ IINII-perynsTopom. Huxnaaa
KpuBasg — CUTHAJI yIIPABJEHUA C BBIXOJa PEryJsaTopa.

Puc. 8.22. Ilpumep npumeHeHus (pyHKIHOHAIbHOrO 0oka ITH L
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IIpomoprioHa bHBIA KaHAJ peryJsTopa (OpMHPYET IOCTOSHHOE
yIpaBJsioniee BO3IelCTBME TPU TMOCTOAHHOM 3HAUEHUW OITHOKHU.
Eciu Ke TpUIOKeHHOE K O0OBEKTY BO3AEHCTBUME OKAa3bIBAETCS HEIO-
CTATOUYHBLIM, OIIMOKA COXpaHseTcs OecKoHeuHo moaro. Ha pumec. 8.23
IOKAa3aHo peryaupoBaHue o0beKTa, 00JIagaloIero TpeHneM, KOTOPBIH
«TpoTraeTrcsa C MeCTa» TOJbKO TOT[Aa, KOTrJa BeJWYnHA YIpaBIeHUS
NPEeBBICUT 3HAUEHWE eJUHUIbI. B JaHHOM Ke cjiydyae CKayoK YIIpaB-
JISTIONTETO 3aJaHusA BABOE MEHBIIIE.

S

Puc. 8.23. PerynupoBaHue 00'b€KTa C TPEHUEM

HWurerpupoBaHue na’ke MaJIOM IIOCTOSTHHOI OIIMMOKK IIPUBOAUT K
TOCTOSHHOMY YBEJIWYEHUIO YIIPABJIAIOIIETO BO3MEeHCTBUA BO BPEMEHU.
TeMm caMbIM OOCTHUTaeTCA TOYHOCTH PEryJUPOBAHUSA IIPU M3MEHEHUH
xapakTepuctTuk obmwekra. Huddepennumanbubiii kKanaa I[TU]I-peryss-
TOpa YJAyUYIllaeT AWHAMUYECKUE XapaKTEePUCTUKU, KOMIIEHCUPYSA 3a-
nasabiBaHue (hashbl YIIPaBJISIONIET0 CUTHAJIA.

HNurepdeiic pyrKknonamsbHoro 6soka [T ][I-perymaropa ompeaess-
eTCs CIAeNYIOIIUMU BXOZAMMU:

ACTUAL REAL cuUrHaJ 00paTHOH CBA3U

SET POINT | REAL 3aslaHue

KP REAL K09 (PUIINEeHT Ilepeaun

TN DWORD IOCTOAHHAA MHTEerPUpPOBaHUA (Mmsec)

TV DWORD nocrosguHas auddepeHupoBanusa (msec)
Y OFFSET | REAL CTallOHApPHOe 3HAUeHue

Y MIN REAL MUHHMAaJbHOE JOMYCTUMOE 3HAUeHUe
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Y MAX REAL MaKCUMAaJbHOE IOIIYCTUMOE 3HAUEHUE
MANUAL BOOL PYYHOI peKUM
RESET BOOL cbpoc

1 BBIXOOAaMMU:

Y REAL YIIPABJIAIOINIEE BO3AENCTBUE

LIMITS ACTIVE | BOOL NPU3HAK JOCTUIKEHUS IIOPOrOBLIX 3HAUYEHUN

OVERFLOW BOOL | mpusHak OIMINOKY IEPENOHEHU I

CxeMaTuuyHO (PYHKIIMOHAJbHBINA OJIOK MOYKHO IIPEICTaBUTH CJIEIY-
foruM obpasom (puc. 8.24).

SuB
e(t)
SET_POINT—|
ACTUAL —|
| ADD
CLOCK INTEGRAL DIV — =
TMDIFF M IN ouT I
™ ™ OTHERFLOW [—  TN—| —
—{RESET
D
DERIVATIVE MUL
—IN ouT —
™ TV—
—{RESET
L MUL ADD
—Y
KP —| Y_OFFSET—

Puc. 8.24. Cxema moctpoenus ¢yHKumonaiapHoro 6goxa ITH]

ITomumo ocuoBHOMU Gyukiuu [IN]-peryaupoBanus, B CoDeSys pe-
anms3anuy JaHHOTO (PYHKIIMOHAJHLHOTO OJI0KA IPEeIyCMOTPEH PYUYHOM
peXUM UM OrpaHUYEHUE AMAalas3oHa BBIXOAHONM MepeMeHHOI peryJsaTo-
pa. B pyuHOM peskuMe PeryJsTop BBIKJIIOUEH, sHaueHre Y aBTOMATHU-
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YecKU He peryiupyercs. Eciau 3afaHbl IIOPOTH AOIIYCTUMOI'O 3HaUe-
aua (Y _MAX > Y MIN), peryiarop aBTOMaTUUYECKU OTPAHUUYMBAET
3HAUYEHUE YIIPABJAIONIET0 BO3AEHCTBUA U aJalTUPyeT POCT UHTerpa-
JBHOI COCTABJISAIONIEH.

IIponoprimonansHO-uHTEerpanbHbIl (IIM) peryaarop momydaeTcs us
dyuxnuonanbHoro 6soka NI nmpu TV := 0. [Iya nIpomopIinoHaIbHO-
ro (IT) m mponmoprnmonanbHO-gTUDDepernansbuoro (I111) 3akoHOB pery-
aupoBauusa 6umoamorerka ytuaut CoDeSys BKJIOUaeT (PYHKIIMOHAID-
HBIN O0J10K PD.



I'naa 9. IIpumepsI mporpaMMHUpPOBaAHUA

B aroii ritaBe 6yayT HOAPOOHO PACCMOTPEHBI IPUMEDPHI TPOTPAMMMU-
poBanusi ¢ npuMeHeHueMm A3bIKOB MOK. IIpumepsl pacmosiokeHBI B
MOPsSiIKe BO3PACTAHUSA CJIOKHOCTHA. B 3arojioBkax IPUMepPOB COKpa-
IIeHHO yKa3aHbl IpUMeHeHHbIe A3BIKU U (popma peanmsanum. Coxpa-
mreane PRG roBoputr o TomM, UTO IpuMep pean30oBaH KaK IporpaMMa
B (popMe 3aKOHUEHHOTO IpoeKTa. [[pyrume mpuMepbl peasn30BaHBI B
¢dopme KommoHeHTOoB, FUN — dyuknusa, FB — QyHKIHOHAJIbHBIN
6J10K. Bce mirrocTpanuy moydeHbl HA OCHOBE Peaus3alluu IIPUMepPoB
B kKomiLzexce CoDeSys.

9.1. I'enepatop umnyascoB (PRG LD)

T'enepaTop IPAMOYIrOJbHBIX MMIIYJILCOB C 3aJaHHBIMU AJIUTEIbHO-
CTAMU WMMIYJbCa U Iay3bl MOKasaH Ha puc. 9.1. 9To sjieMeHTapHBIN
npumep LD ¢ QyHKIMOHAIBLHBEIMU GJIOKAMMU.

Impulse
X L X
| | N Q
T#1s—{ PT ET

—~
~

Pause
TP

X
N Q (/)

T#1s{PT ET—

Xx

Puc. 9.1. TeHepaTop IPAMOYroJbHBIX MMITYyJIbCOB

Taiimep Impulse 3amyckaercs mo mepemHeMy (GPOHTY X W cOpachI-
BaeT X II0 OKOHUAHWY 3aJaHHOTO BPeMeHU, 3amycKasd, TaKuM obpa-
30M, Taiimep Pause. Koner may3sl B3BBOAUT IEPEMEHHYIO X, KOTOpasd U
3amycKaeT HOBBIII MMIIyJbc (B cienyiomieM pabouem ImukJe). Ilepe-
MeHHAas X SBJIAETCS BBIXOJOM I'eHepaTopa.

BesycioBHO, 3amauy (GOPMUPOBAHUS IPSIMOYTOJbHBIX UMIIYJIbCOB
MOKHO PeIlUTh ¢ IPpUMeHeHUeM eIUHCTBEeHHOTro Taiimepa (CM. IIpH-
mep IIINMM wmanm craumaprubiii 6ok BLINK CoDeSys). Ilyrem mopa-
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0OTKM Iiemeil JaHHOrO MpUMepa MOMKHO (POPMUPOBATH HUMIIYJIbCHI,
3aBUCAINME OT 00Jiee CJIOMKHBIX YCJIOBUI, UeM OJWHOUHBIE BBIXOIBI
TaniMepoB.

Beixoger ET-rTaiimMmepoB [gaioT JMHEHNHO HapacTamollue 3HAUYEHUS
BpeMeHU. Eciu mpeobpas3oBaTh UX K IEJOMY TUITY, TO MOJYUUTCS Te-
HepaTop TPeyroJbHBIX MMIYJIbCOB.

9.2. IlociemoBaTeIbHOE yIIpaBJeHUE 10 BPeMeHHU
(PRG LD, SFC)

Ucnonbsysa 6GJOKH TaliMepoB, HECJOKHO OPraHn30BaTh IIOCJIEI0BAa-
TeJIbHOE IIePEeKJI0UeHVe BBIXOJ0B C (hasdaMm 3aJaHHON IIPOJOJIIKUTE-
JBHOCTH ¥ IIPOM3BOJILHBIM (PasoBBIM caBurom. IIporpamma, GopMu-
pyiolas TpU MOCJeIoBaTeJIbHBIX WHTEepBaia Mo 1 cexyHae, IIOKasaHa
Ha puc. 9.2.

Puc. 9.2. IlociemoBaTessHOe ympaBJjieHHe M0 BpemeHu B LD

ITo ¢ppouTy Bxoma Go omfHOBPEeMEHHO 3aIlyCKalOTCS BCe TPU TaliMe-
pa T1 — T3. Kaknawiii Talimep oTMepsAeT MOMEHT OKOHUYAHUSA COOTBET-
crBymoIreli ¢aspl. Tpu HUMKHUX e BBIAENAIOT BbIXOAbl Y1 — Y3,
COOTBeTCTBYyIoIIue (hasaM yupaBjieHUsi. Bce mepeMeHHble IPOrpaMMBI
IOJI’KHBI OBITh 00BsaBaeHBI Kak BOOL. Ilpomecc paGoThl cxeMbl Ha-
TJISITHO oTpaskaeT sKkpaH TpaccupoBku CoDeSys (puc. 9.3).
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(8] Sampling Trace M=l

Trigger
PLC_PRG.Go
Var 0
[PLC_PRG.X1 7]
Var 1
[PLc_PRGx2 7]
Var 2
[PLc_PRG.x3 7]
Var 3
[PLc_PRGY1 7]
Var 4
[PLc_PRG.y2 =]

Var b
260 280 300 IF'LC_F'RG-Y3 'l

_ i

= In-—] -~} -~} N~} In-N—] ra

2

Puc. 9.3. TpaccupoBka cxeMsbl IIOCJEI0BATEIHHOr0 YIIPABICHUI

B mamHyI0 cxXeMy HECJIOXXHO I00aBUTH IIEIIb aBTOMATUYECKOTO IIe-
pesanycka. Torma cxema OyzerT paboTaTh ITMKJINUYECKU, KaK «0eryIue
orau». Ecau Ke BBl HACTPOEHBI 0oJiee CEPhEe3HO, HA30BEM HAIILy IIPO-
rpaMMy MOJyJIEM YIIpaBJeHUS ABUTATEJEM C JJIEKTPOHHOM KOMMYyTa-
el 00MOTOK cTaTopa.

Puc. 9.4. Ilenp aBTOMaTHYECKOrO Imepe3amycKa

JaHHBIA TpUMep MOKHO pPeajin30BaTh 3HAUUTEJHHO IIPOIIEe C IIPHU-
menenueM SFC. B pasgene o0bABIEHUN HYKHO O0BABUTL BCErO TPU
JIOTUYEeCKUX TePEeMeHHBIX.

yl, y2, y3: BOOL;
Go: BOOL := TRUE;

Hukakux BCIOMOTaTeJNbHBIX II€EPEMEHHBIX He Tpedyercs. AJro-
pUTM peasndyeTcsa AOCJOBHO. ITociie oxkonuaHua paboTel mara S1 sa-
nyckaerca mar S2, 3a HuM S3. Kaskabpiii miar paboTaeT 3amamHOe
BpeMms. Illar Init — mycToii, o okugaeT paspelrnenus padoTel — Go.
HetictBua yl, y2, y3 cBsA3aHBI C JIOTUYECKUMU IepeMeHHBIMU. [Ipo-
rpamMma meankoM orpaskeHa B SFC-guarpamme Ha puc. 9.5.
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- Go

[s1

HN

[yt |

T S1.t>T#ls

[s2

HnN

[y2 |

T S2.t>T#1s

[s3

HnN

[y3 |

Init

Puc. 9.5.

T S3.t>T#ls

Tpexdasunaa kommyranusa 8 SFC

9.3. Komossrii 3amorx (PRG LD)

Ilpumep memMoHCTpPHUpPYET 3aMeHY pPeJIeHOro aBToMaTa IIpPorpaM-
mMHOM peanusarnueit Ha I[IJIK 6e3 mepepaboTKu ajaroputrMa paboOTHI

ycTpoiucTBa.

Ha pwuc. 9.6 mpuBenena
OPUHIUNNAJbHAS dJIEKTPpUUe-
cKasg cxeMa KOJOBOTO 3aMKa
HA 9JeKTPOMArHUTHBIX peJie.
Onsa OTKpLIBAHUA 3aMKa He-
00xoauMO HAOpaTh KOJ IIOCJe-
IOBaTEJbHBIM HaKaTueM KHO-
mok K2, K3, K4, K5. IlepByio
KHOONKY Koma K2 mHy)XHO Ha-

JKUMaTh  OJHOBPEMEHHO C
KHOIKOI JBEPHOTO 3BOHKA
K1. Bce mpome)xXyTouHbBIE pe-
ae P2 — P5 paboratoT ¢ ca-

MoUKcaIueil, OJHOBPEMEHHO
0oCBOOOKIasA pesie Tpenbiay-
mieit menu. OmubouHOoe HaXKa-
e KHOIMOK K6 K9 wan
orkpeiBanue asepu (Kj) copa-
ChIBAIOT B3aMOK B HCXOIHOE
cocrossume. Taxum o0Opasom,
«CBOI» OTKpPBIBAET B3aMOK C

K1 3BoHOK
m

Pam

Ll

Puc. 9.6.

IIpurnunuanpHasg cxeMa
KOJOBOTO 3aMKa
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X
N

K1 - KHOMKa [IBEPHOTO 3BOHKA AIIarm

_| I \
K2-K5 - kHonku Habopa koaa
P6 P3 Alarm K2 P2
—/—1 | — | {
P2
P6 P3
—1 (H
ug Q
P6 P4
—/1 \_1 {
P4

o
o
ST
(9]

!
L
=

K6 P6
I { H
K7
—
K8 KHonku cBpoca 1 faTumk OTKpbITOM ABEPU
—
K9
—
Door_open
_| |_ Plunger
Mnyrxep 3amka
Ry (-

Puc. 9.7. LD-guarpaMma KOZOBOTO 3aMKa

OuYeHb KOPOTKUM B3BOHKOM, «YYsKOW» BBIHYKIEH IIOJHATHL TPE3BOH
OpU TONBITKAX moabopa Koma. OZHOBpeMeHHOe HasKaTue BceX KHO-
moxk K2 — K9 BrisbIBaeT cOpoc B ucxomuoe cocrosHue. CeKpeTHOCTb
mudp Koma mocturaerca pacnaiikoir K2 — K5 K pasauyHbIM KJaBU-
maM HabopHOTO mosiA. CHUIoBBIE e 3BOHKA T'POMKOTO 00 U JJEKT-
POMAarHUTHOTO ILIYHIKEepa Ha cXeMe He ITOKas3aHbl.

Hna peammsanmmm KOZOBOTO 3aMKa Ha KOHTPOJLIepe Heo0XOoaum
ITJIK-umeromuii 10 guckperusix BxogoB K1 — Kn u 2 BrIxoma: 3Bo-
HOK ¥ 3JIEKTPOMATHUTHBIN IIyH:Kep. Peanuayolinas JOTUKY yIIpaBJe-
Hua auarpamMa LD mokasana ma puc. 9.7. JIerko 3aMeTuUTh, UTO Aua-
rpaMMa MIpaKTHUUYECKH IIOBTOPSET MPUHIUIHAJIbHYI0 cxeMy. EmguHCT-
BEHHOE OTJWYMe B TOM, UYTO KOHTAKThI pesie P6 pasmesneHbl Ha He-
CKOJIBKO Ilelleif. OTO JUKTYeTCs ITPaBUJaMU IIOCTPOEHUSA AuarpaMM U
He BJIMUSIET Ha PaboTy CXeMBbI.
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9.4. [lunaMuyeCcKuil 3HAKOBBIII MHIUKATOP
(FUN LD, ST)

CMBICT AMHAMUYECKONH WHAMKAIIUN 3aKJIOUAETCS B 9KOHOMUU BbI-
X0J0B KOHTpoJsaepa. OAnH MHAWNKATOP, COCTOSINUNA M3 CeMU CerMeH-
TOB, TpebyeT AJid YIIPaBJIeHUA CEMb BbIX0A0B. [lomycTM, HEOOXOAUMO
HOCTPOUTHL TabJio, cocTosIee n3 N OAHOTUIHBLIX WHANKATOPoB. Eciau
HWCIIOJIb30BATh CTATUYECKYI0 MHAWKAINIO, TO moHamoourcs 7 * N BbI-
xomoB. CoeMHUM TapajjaelbHO OAMHAKOBBIE CETMEHTHI BCEX MHAUKA-
TOPOB U N06aBUM KJIOUMN MO3BOJIAOINE YIPABIATH IIogauell MUTaHUA
Ha KaXKIBIA M3 HUX oTresbHO. Torma mocrarouno umeThb 7 + N BBIXO-
OB [IJIs1 BBIBOJA mMH(MpOpMAIUU HaA JII000H M3 MHANKATOPOB. Eciu moo-
yepesHO 3aXKUTaTh BCe MHAMKATOPBI JOCTATOUYHO OBICTPO, TO 34 CUET
OCJIECBEUCHUA U MHEPIUU 3PEeHnA 00pas3yeTrcs CTaTuYecKas KapTHUHAa.
s yopaBiaeHus UHINKATOPOM

OyZleM WMCII0Jb30BaTh BBIXOJ THIIA
5 ! 1 BYTE, rzme cemu MiaamIiuM OuTam

COIIOCTaBJI€HBI CETMEHTHI, KaK IIO-
4 2 KasaHo Ha puc. 9.8.

Paccmorpum nia mpumepa TabJio,
Puc. 9.8. Hymepanus cerMeHTOB COCTOAIIlee M3 [BYX WHIUKATOPOB.
HHIMKATOpa OrobpazkaemMasa nHGOPMAIIAA — 3TO
BOCBMUPA3PATHOE UYKCJIO, KOTOPOE
HYKHO TOKas3aTh B mIecTHaAmaTrepuuHoMm (opmare. IlocTpoeHue reHe-
paTtopa, YIpaBJIAMIINEro NUTAHUEM WNHIUKATOPOB, He IIPEACTaBJISET
ciaoxxkHOocTU. I'y1aBHAs 3amavya — co34aTh (GYHKIIUIO, KOTOPas AOJIMKHA
dopmMupoBaTh OAUT yIpaBIeHUA CerMEHTAMU U3 ABYX [IapaMeTpoB: HO-
mep maguKaropa (HD) u mwagunupyemoe suauenue (IN). IInsa Beibopa
U3 IBYX MHAWKATOPOB JocTaTouHo nepemenHoi Tuna BOOL. 3uHauenue
Bxoga HD paBuoe UICTHHA BwiObupaeT crapuinii HHINKATOP.

Pasnmen o6baBieHUt QyHRITUN:

FUNCTION DinLight7 : BYTE
VAR_INPUT
IN: BYTE;
HD: BOOL;
END_VAR
VAR CONSTANT
LightCodes: ARRAYJ[O0..15] OF BYTE :—
16#3F, 16#06, 16#5B, 16#4F,
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16466, 16#6D, 16#7D, 16#07,

16#7F, 16#6F, 16477, 16#7C,

16#39, 16#5E, 16479, 16#71;
END_VAR

M3obpakeHre HY:KHOTO IIECTHAAIIATEPUYHOTO 3HAKaA Jal0T KOIBI
rabaunpel LightCodes. Eciin B KauecTBe MHAEKCA MAacCHBA HCIIOJIB30-
BaTh umcyao otT 0 1o F, To 3HaueHMe sjaeMeHTa 00eCIeYynT BLICBEUUBA-
HUE COOTBETCTBYIONIEN Mudpbl. Bea joruka QyHKIIUM CBOAUTCA K BBI-
IeJeHUI0 HYKHON TeTpaabl 6aiiTa M MCIIOJL30BAHUIO €r0 B KauecTBe
ungerxca LightCodes. Eciu myxHa miamiias mudpa, TO cTaplias TeT-
pajga umcya mpocTo obHyJssgeTcsa. s BbIOOpa crapiieil TeTpajbl CO-
Iep:xuMoe OaiiTa caBuraercsa Ha 4 BmpaBo. Peanusanua QyHKIuu Ha
a3bike ST Oymer BHITJIALETh TaK:

IF HD THEN
IN := SHR (IN,4);
ELSE
IN := IN AND 16#0F;
END_IF

DinLight7 ST := LightCodes[INT];

dyuxnuo DinLight7 Takke meciokHo peanmsoBaTh B LD, eciu
WCIIOJIb30BATh AaHAJOTHUUHBIE OJOKU. Ilpumep mmarpamMMmbl OaH Ha
puc. 9.9.

HD AND
11 EN
IN — — byNum
16#0F —
0002
HD SHR
| | EN
IN — — byNum
4 p—
0003

MOVE
EN

DinLight7
LightCodes [byNum]—

Puc. 9.9. LD-peanusanus ¢yaxuun DinLight7
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Ha pwuc. 9.10 nokasan pabouunii MOMEHT TECTOBOM HPOTPaMMBbI JIJIs
IPOBEPKM pPaboThl AUHAMHYECKOro uHAmKaropa. B oxuHe Indicator
nso0parkeHa Buayanusanusa madeau. CerMeHTHl MHINKATOPOB OKpa-
IIMBAIOTCA KPACHBIM I[BETOM IIPU E€IUHUYHBLIX 3HAUEHUAX COOTBETCT-
Bywomux 0utoB byLightl u byLight2. Tak, manpumep, mepsBblii cer-
meHT (cM. puc. 9.8) IpaBoro MHANKATOPA BKJIKYAETCS II0 IePeMeHHON
PLC PRG.byLightl.1. Kuonka «+» ycranasinuBaer B TRUE smoruue-
ckyio mnepeMmeHHyo bAddButton, uro BBI3BIBaeT ImoOcCJemOBaATEILHOE
yBeJIMUeHNe 3HAUEHUN X B TECTOBOM IIporpamMme.

-, PLC_PRG [PRG-5T] =101 =]
000l]  x=1684E -

0002 byLightl = 16479

0002]  byLights = 16868 F2 Indicator = E3 1y

b ddButton =

xo=x+BO0L_TO_TTEMT(ha ddButton);
- - +

| ——

byLight] = DinLight7(x, FALSE);
byLighta = DinLight7rx, TRIEY,

ll_l [ [ | i

Puc. 9.10. TecroBasa mporpaMMa M BH3yaJu3anus WHINKATOPA

O6paTuTe BHUMAaHNE, UTO BMECTO OTOOPaKeHUs IeCTHaAIlaTepuu-
HOTo (popMaTa Hallla UHAWUKATOPHAS MaHeJ b CIIOCO0HA 0TOOpaKaTh Je-
cATUYHBbIe umcaa B nmanaszoHe 0..99. IInsa sToro gocraTouHo mpeobpa-
3oBaTh uncygo opmar BCD npu BbidoBe pyHKIHK. Hampumep:

Light := DinLight7(INT_TO_BCD(byNum), bPulse);.

9.5. llesounciaeHHOE JIeJIeHuEe ¢ CHMMETPUYHBIM
okpyriaenuem (FUN ST)

PeanuzoBanuast HuyKe GYHKIIUS BBHIMOJHSAET JEJIEHUE B IEJIBIX UKC-
JlaX ¢ CUMMETPHUUYHBIM OKpPyIrJieHrueM. Ecjau TOUHBIA pe3yJbTaT Helie-
HUA OJMKe K OOJIBIIIEMY IIeJIOMY, OH OKPYIJISIeTCA BBEPX, B IIPOTHUB-
HOM cyyyae — BHu3. Haiizem, Hanpumep, yactHoe 18/10. Tounsbrit
pesyabsrar 1,8. CraHgapTHOE IEJOYKNCICHHOE AeJeHUe TaeT pPesyJib-
Tar 1, OTHOCUTEJIbHASA IOTPEIIHOCTh cocTaBisgerT 44% . Haira QyHK-
WS JaeT Pe3yabTaT 2, OTHOCUTEIbHAs IIOrPeITHOCTh cocTaBasgeT 11% .
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3amaya CyMMUPOBAHUA IIeJIOUYNCIEHHBIX 3HAUEHUI, BHIUNCIEHHBIX
no ¢dopMmyJie, BKJIOUAOIEH NeJeHNe BCTPeUYaeTCA JOCTATOYHO UAaCTO,
HAIpUMep, AJA ONpPelesieHNA CPeIHero 3HAUeHUA 3a 3aJaHHBIA OTpe-
30K BpeMeHH. IIpym CyMMUPOBAaHUU CUMMETPUYHO OKPYIJIEHHBIX
Y1CeJ TOUHOCTH CYMMBI ITOBBIIIIAETCsS. IIPOMCXOMUT BTO 3a CUET KOM-
meHcanuu abCoJTIOTHBIX MOTPEITHOCTel, KOTOPhIe PABHOBEPOATHO MMe-
0T TOJIOYKUTEJHFHOE U OTpHUIlaTeJbHOe 3HaueHud. OKpyrieHue MeTo-
IOM OTOpAachIBAHMSA OCTATKA BCETa MaeT YHcJa ¢ HeZOCTaTKOM. B pe-
3yJabTaTe IPU CYMMUPOBAHUU OIMNOKA HAKAIJIMBAETCS.

DyHKIUST nMeeT 2 IapaMeTpa — YUCJIUTEIb U 3HAMEHATeb.

FUNCTION ISMDIV : INT

VAR_INPUT
iNum: INT;
iDen: INT;
END_VAR
VAR
iExcess: INT;
bSign: BOOL;
END_VAR

(*ompenmenuts 3HaK pe3ynbTara*)
IF (iNum < 0) XOR (iDen < 0) THEN

bSign := TRUE;
ELSE

bSign := FALSE;
END_IF

(*oKpyTAATH TIpoIIe aOCOTIOTHERIC 3HAYCHUS ™)
ISMDIV := ABS(iNum / iDen); (*gactHOC™)
iExcess := ABS(iNum MOD iDen); (*u ocratox*®)

IF iExcess >= ABS(iDen) — iExcess THEN
ISMDIV := ISMDIV + 1; (*ocT. HE MeHbIIIe IOJIOBUHBI™)
END_IF

IF bSign THEN ISMDIV := -ISMDIV; END_IF
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Pesynbrar paboThl (yHKIIMM XOPOIIIO 3aMeTeH Ha rpauiax (cm.
puc. 9.11).

Puc. 9.11. T'pacdux genenus y := x/3, rae x nusmensercsa or —10 xgo +10

Ha puc. 9.11 mokasaHbI pe3yJabTaThl JeJIEHUA Ha 3 ITMJI000Pa3HOTO
curHajya ¢ ammautygoii 10 egunui. IIpsamas orobpakaeT TOUHOe 3HA-
yeHUe, a JeCeHKAa — OOBIUHOe IeJOUYMNCIeHHOe AeJIeHNe C OKPYIJIeHH-
eM BHM3. YeTKO BUIHO, UTO I'paUK pPe3yabTaTOB CMEIeH BBEPX B OT-
pHUIlaTEJIbHONM 00JIaCTH 1 BHU3 B IMOJIOMKUTEILHOI.

IITupoxasa ropusoHTAIbHAA IIOJKA HYJIEBOTO YPOBHS COOTBETCTBYET
sHauvenuam —2, —1, 0, 1, 2 ucxoguoro cur"asa. 'pa@uKu moJIydeHbI
nyteMm TpaccupoBku B CoDeSys. Eciu oTpakaTh TOJBKO IOJyUYEHHBIE
meable 3HAUEHUS, TO, €CTECTBEHHO, HUKAKUX HENPEPbIBHBLIX JUHUHN
OBITH He JOJI’KHO. I[O/IPKHBI OBITH TOYKM, COOTBETCTBYIOIME BXOIHBIM
¥ BBIXOJHBIM 3HAaUeHUAM (QYHKIIMM, KaK IIOKaszaHo Ha puc. 9.12.

345 5 0 5 10

Puc. 9.12. Toueunsiii rpaduk geneHusn y := x/3 (x — TOYHbIe 3HAYEHHUH,
+—y)

C IOMOIIBIO TPACCUPOBKU HEJIb3sI HEIIOCPEACTBEHHO IIOCTPOUTH 3a-
BucumocTH y = f(x). TpaccupoBKa — 3TO pa3BepTKa 3HAUEHUH BO Bpe-
meHU. [losTOMYy IPUXOAUTCA IPOrPaMMHO 3aJaBaTh IpUpaIlleHue X Ha
eIUHUILY B KayKJIOoM Iare. B pesysbTare X IpuoOpeTaeT CMBICI JUCK-
PETHOI'0O BpEMEHM, 1 BPEMEHHAasdA 3aBHUCUMOCTDb 6yﬁ[8T COBIIQZAThH C (I)yH-
KIuoHanabHOUW. B okHe TpaccupoBku CoDeSys HaMepeHHO BBITIOJIHSAET
WHTEPIOJAINI0 OUCKPETHBIX B3HAUEHUH, MMUTHUPYS HEIPepPLIBHOCTH
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BpemeHu. B pesyisbraTe rpadpuk (puc. 9.13) mpubiukaerca K KapTUH-
Ke, KOTOPYI0 MOXKHO IIOJIYUYUTh Ha dKpaHe ocIujorpada, MOIKJIIO-
YEeHHOTO K aHAJOTOBBIM BhIxomaMm peanbHoro ILJIK.

Puc. 9.13. TI'pacduk gemenus y := ISMDIV(x, 3), rie x usMeHAeTCA
or —10 mo +10

Kpussie ma puc. 9.13 orpaskaror pabory dyurnum ISMDIV. N3z
rpaduKa BHIHO, UTO OIEpAIlMOHHAs OIIMOKA [JeJeHUs pacupeneseHa
CUMMETPHUYHO OTHOCHUTEJIBHO TOUHBIX 3HAUYEeHUN.

PeanusoBannaa ¢yHKIua ISMDIV BBITIOJHAET CHUMMETPUUYHOE
OKpYIJIeHHEe C OJHUM HCKJoueHueM. EcJau oCcTaTOK COCTaBJISET POBHO
IOJIOBUHY OT YaCTHOrO, CHUMMeTpPus Hapyiinaercs. I[is sToro ciaydas
BBI MOJKeTe JopaboTarh (GYHKIMIO OKPYTJIEHUS B COOTBETCTBUU C Ipa-
Busom Iaycca. Koppekius pesyabTaTa BBepX IIPU IIOJOBUHHOM
OCTaTKe JOJI)KHA IIPOBOAUTHCHA, TOJIBKO AJA UYeTHBIX umcesa. OKpyriie-
HUe BBePX U BHU3 B 3TOM CJIyuae PAaBHOBEPOATHO, UTO U ABJIAETCA 3a-
Jaueil CHMMETPUUYHOI'O OKPYIJIeHUS.

9.6. I'eneparop cayuaiitaeix uucesa (FB ST)

DYyHKIUOHANBHLIA OJOK TeHepUpyeT HEIOBTOPAIOIINECA IleJible
ymesa, OpuHagideskamiue wmHTepBaay [1..250], ¢ paBHOMEpHBIM pac-
npeneneraueM. Iyis GopMHUpPOBAaHUS OUYEPENHOTO UHWCIA IIPUMEHSETCS
¢dopmya BBIUETOB:

X, =bX,,caE®bX,,/a),

roe a u b — 1esble KOHCTAaHTHI, £ — (QYHKIMA, BO3BpAIAOiaa Iie-
Jy0 dYacThb aprymenra. OueBHUOHO, UTO IPU TOYHOM BBIUUCIECHUU
(6e3 E ) dopmysa Bcerga mosskHa gaBaTh 0. «CayualiHOCTH» pPe3yJib-
Tara JOCTUTAaeTCA MCKJIIOUNTEJNHHO 3a CUET IIEJIOUMCIEHHOTO OKPYTJIe-
Huda [17]. Ilocne reHepanuy OmpeneieHHOT0 KOJUUYEeCTBA PasHbIX UHU-
ceJl IOCJIeIOBATEJLHOCTh B TOUHOCTHU MOBTOpPsieTcs. Ilepuon moBTOpe-
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HUSA II0CJIeOBATEJIbHOCTU OIpeaessieTcsa BbIOOPOM KOHCTAHT a u b.
B mamrem mpumepe b sBasieTcsa MPOCTBIM ymcaoMm 251, KOHCTaHTa a
paBHa 170. BriOpanHbIe KOHCTAaHTHI OUeHBb yaauHbI. [lepuon HAaIero
reHepaTopa coctaBiaser 250. @aKTuuecKu reHepaTop IepedupaeTr mou-
T BCe [OIIyCTHUMbIe 3HAUEHUA 3aJaHHOTO MHTepBajia 0e3 IIOBTOPOB.
dopmupyemMasa IIOCJIEeLOBATEIbHOCThL 3aBUCUT OT HaYaJbLHOTO 3HaUe-
Hua X. IIpu ofMHAKOBBIX HAYAJIbHBIX 3HAUEHUSAX I'eHEepUpyeMble II0-
CJIeJOBATEJILHOCTH COBIanaroT. HavasibHOe 3HAaUeHWE IIOCJIeZOBATENb-
HOCTU MOKeT OBITH IIPOM3BOJBHLIM U3 MHTepBaJsia oT 1 g0 250.

E: Sampling Trace O] x|
Trigger

250

I jv

)‘ Var 1
Var 2
IPLC_PRG.X vl
Var 3
0 Var 4
1} 30 1] 11} 120 150 180 =l
i | i

Puc. 9.14. TpaccupoBka padoThl reHepaTopa CIy4aWHbIX YUCEJI

DYyHKIIUOHANBHBIA OJIOK MMeeT ONUH BBIXOJ X — TeHepupyemoe
3HauyeHUe u ABa Bxomga. Bxox x0 — HauanabHOe 3HaueHUe. Ilo GpoHTY
Bxoma Load 6ok sarpy:xaeT HauvaJbHOe 3HAUeHHe. Ecay HavajJbHOE
3HAUYeHNe He 3aJ]aHO, [0 YMOJYAHUIO UCIIOJb3yeTcA Yucyo 1.

FUNCTION_BLOCK Random

VAR_INPUT

Load: BOOL;

x0: USINT;
END_VAR
VAR_OUTPUT

X: USINT := 1;
END_VAR
VAR

RESET: R_TRIG;
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END_VAR

Reset(CLK := Load);
IF Reset.Q THEN x := x0; END_IF

x = x * 170 — 251 *(x * 170/251);

TpaccupoBka 200 HMUKJIOB pabOThI reHepaTopa CAYUAHHBIX UHCEI
nmokasana Ha puc. 9.14. Ha mpaxTtuke naa (GopMUPOBAHUSA PasHBIX
CIyJalHBIX IIOCJIEJOBATEIBHOCTEM B KAueCTBE CJIYUYATHOTO HAYAJIbHO-
ro umcja MOYKHO HKCIIOJb30BATH MTHOBEHHOE 3HAUEHWE HECKOJbKUX
MJIAIINX PaspsamoB cucrteMHoro tarimepa IIJIK.

9.7. Ouepens FIFO (FB ST)

Baok FIFO peanusyer ouepedb — TeEpBBIM IIPUIIEJ, IEPBBIM
yiren. PaGora 6yioxka mpocra. Ecaum sammces pasperneHa (bWREn =
TRUE), Tto Bxommoii Gaiir (byWR) momermaercsi B KOHEIl OuYepemu.
Ecnu urenue pasperieno (bDRDEn = TRUE), To 6710k oTmaeT mepBbIit
mo ouepenu 6aiit (byRD). Beixonm bReady rosoputr o Hammuum ouepe-
ou. Ilpu mombiTke urenust m3 nycroir ouepenu (bReady = FALSE)
byRD momxen 6biTh paBeH 0.

BY_FIFO
— byWR bReady —
—{ byWREn byRD [—
— byRDEn

Puc. 9.15. T'paduueckoe npeacraBiaeHue 3K3eMILIAPA PYHKIIMOHAIHHOTO
omorxa FIFO

Ha puc. 9.16. mokasaHo nmpuMeHe-
Hue Ogoka FIFO gnis BpeMeHHOTO \
caBura curtHaja. IlepBble HOATH ITUK-

JIOB UTeHUE JaHHBLIX 3ampelreHo. Jla-

Jlee UTeHME pas3pelnaeTrcs, U B KaiK-
JIOM I[MKJIe BbI30Ba 0JIOKA IIPOMCXO- N\
IUT 3aII1Ch HOBOTO U UTEHIE CTapOTO

3HaUeHHUs OTCUeTa CUruajia. Bepxusas \1

KpuBas — BXOIOHOI CUTHAJ, HUKHAA

KpuBasg — CUTHAJ, 3aJleP’KaHHBIA Ha  Puc. 9.16. 3amepixka curHaia
5 pabounx nukjaos I1JIK. 6aoxom FIFO

dx Value 5

A 4
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Paccmorpum mpumep 06JiOKa ¢ pasmepomM ouepenu no 16 oOaiir.
ITockoNBKY HUKAKUX HpPeoO0pasoBaHUIl JAaHHBIX B OJIOKEe He IIPOIC-
XOIUT, B HEro MOKHO 0e30macHO IIOMeIaTh JIo0ble OZHOOAWTHBIE
IaHHBIE.

FUNCTION_BLOCK BY_FIFO

VAR_INPUT
byWR: BYTE; (*3anmMceiBaeMble JaHHbBIC™)
bWREn: BOOL; (*pazperrenue 3amucu*)
bRDEn: BOOL; (*pazpemrenue uTeHNA*)
END_VAR
VAR_OUTPUT
bReady: BOOL; (*ouepenn xuBa*)
byRD: BYTE; (*uuraemble TaHHBIC*)
END_VAR
VAR
byBuf: ARRAY[0..15] OF BYTE;
nWRPos: WORD := 0; (*mo3wmms 3amucu™)
nRDPos: WORD := 0; (*nosunms yreHns¥)
END_VAR
IF bWREn THEN (*3anmce B FIFO*)

byBuf[nWRPos] := byWR;

IF nWRPos > 14 THEN (*WRPos aBmkeTcs 1o KOJIbITy ™)
nWRPos := 0;
ELSE
nWRPos := nWRPos + 1;
END_IF
END_IF

IF nWRPos = nRDPos THEN (*FIFO myct?*)
bReady :=-FALSE;
byRD := 0;

ELSE
bReady := TRUE;
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IF bRDEn THEN (*urenne uz FIFO*)
byRD := byBuf[nRDPos];

IF nRDPos > 14 THEN (*RDPos IBUXETCS 110 KOJBILY *)

nRDPos := 0;
ELSE
nRDPos := nRDPos + 1;
END_IF
END_IF
END_IF

AunropuTM onupaeTrcsa Ha JBa KOJIBIIEBBIX MHIEKCA, YKa3bIBAIOIIIUX
HO3UIUY UTEeHHUS W 3anucu. IIpu JoCTHIKeHUM BepXHe rpaHuIlbl 0y-
depHOTO MaccuBa MHAEKC OOHyJdgeTCA. 3alrch He JOJI’KHA OOTOHATH
yTeHHe. B 9TOM ciaydae ouepenb OyaeT mepesamucaHa. KoppeKTHas
00paboTKa TAaKOU CUTyalllil B JAHHOM IIPHMEPE He IpeaycMOTpeHa.

9.8. Bricrpasa ouepenas FIFO (FB ST)

JaHHBIA TEKCT peajus3alnuy MOT OBITh HAMKUCAH TOJBKO MOJHBIM
«4yaHUKOM», TeM He MeHee OH paboTaeT JIydIlle IIPUBEIEHHOr0 BbIIIe
npumepa. BeicTpoTa mocTHUraeTcs 3a CUeT TOr0, YTO MHAEKCHI IIO3UIIIIA
3alUCU W UTEHUsS He MMEeIOT IIPOBEPKM BepxHel rpaHuibl. PakTuye-
CKHU TEeKCT COAEPKUT TOJLKO 3alNCh U UTeHHE, HUKAKUX BCIIOMOTaTe-
JBbHBIX omepanuii. TPIOK COCTOUT B MCHOJIb30BAHUU IJIsI NHIEKCOB 0e3-
3HAKOBOTO IIeJIOTO TUIA U JOCTATOUHO OOJBIIIOTO MaccuBa. IIOCKOIBKY
BYTE#255 + BYTE#1 = 0, Bce moayuaercss aBToMaTudecku. Pasmen
00bABJIEHNII BXOJOB M BBIXOJOB aHAJOTHUUYEH IIpuMepy OaiitoBoro FI-
FO-6ydepa. Jlokanrbuble TIepeMeHHBIE TOJMKHBI 00BABIATHCA TaK:

VAR
byBuf: ARRAY[0..255] OF BYTE;
nWRPos: BYTE := 0; (*nozunus 3arnmcu™)
nRDPos: BYTE := 0; (*nosuimst uTeHUs*)
END_VAR

BrIxon rOTOBHOCTU OUepeny JUKBUIUPOBAH B JKEPTBY OBICTPOEii-
ctBuio. O KOPPEKTHOCTH IPUMeHeH!sa 0J0Ka JoJIXKHA 3a00TUTHCS BBI-
3BIBAIOIlaA IIPOrpaMMa.

IF bWREn THEN (*3amuce B FIFO*)

byBuf[nWRPos] := byWR;
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nWRPos := nWRPos + 1;
END_IF

IF bRDEn THEN (*urenne n3 FIFO¥)
byRD := byBuf[nRDPos];
nRDPos := nRDPos + 1;

END_IF

JanpHelero ycCKoOpeHus MOXKHO JOCTUYb, €CJI BEIOPOCUTH BXOJbI
paspemreruss bWREnNn u bRDEn, a 3anuch u ureHune BBITTOJHUTD OT/E-
JIBHBIMU JTeACTBUSAMU.

9.9. ®uapTp «croab3Amee cpeanee» (FB ST)

DPurbTp «CKOJb3sAINee cpemHee» (puc. 9.17) ABIAeTcA IIpoCTeli-
UM B peanmsanuu IHUQPOBLIM (GuabTpoM. TeM He MeHee OH [OaeT
OUYeHb XOPOIIKWe Pe3yJbTaThl IPU IIOAABJIEHUHU IITYMOB X BBICOKOYAC-
TOTHBIX IIOMEX.

BY_MOVAVR

—] bylLen bReady —

—] byln byOut }—

Puc. 9.17. Tpaduueckoe npeacraBiieHne IK3eMILIAPA (PYHKI[MOHAJIHHOTO
omoxa Move Average

Aunroputm paboThl GUIBTPA OCHOBAH HA YCPEJHEHUM HECKOJIbKUX
TOCJIeTHUX 3HAUEeHUU curHasga. MaTeMaTHYecKU 3TO BBITJISAUT TakK:

yli] = %fo[icj],

j=0

rae x[] — BxomHOI curHau, y[] — BBIXOAHOU curHaj, N — IIupuHa
GurbTpa UIM YUCJIO YCPeSHAEMbIX 3aMepOB.

dopmyaa mpenmoIaraeT, YTo 3aMephbl CUTHAJIa COOPAHbLI B MacCHUBE.
IIpu Berumcnenun 3Hauvenua y[i] umcrmoasdyerca x[i] u N—1 npenwigy-
mux 3HaueHuii. OueBUIHO, IpKU 00pabOTKe CUrHaJIa B PeKUMe pealb-
HOTO BpPeMEHU, BBIXOJHOM CUTHAJ OyAeT 3amasfblBaTh IO OTHOIIIEHUIO
K BXOZY.

Pucynork 9.18 memoHcTpupyer feiicTBue GuiabTpa. BepxHAS Kpu-
Bag — BXOJHOM CUTHAJ. ITO NMPAMOYTOJbHBIE NMIIYJIbChI, MOAYIUPO-
BaHHbBIE II0 aMILIUTYJe TapMOHWYECKOIl IIOMeXOi, C IIepHOJOM B IBa
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nukja. CpeaHAsS W HUKHAA KPU-
Basi — 3TO Pe3yJabTAThl 00PaAbOTKU
BXOOHOI'O CUTrHaJia (1)I/IJILTpOM

«CKOJIb3sAIllee CpeaHee», IIUPUHON
3 u 11 1uKJIoB:
dopmysa Tpebyer ToabKo N — 1

mocJefHUX B3HaueHUi, OoJjee cra-
pble 3HAUEHUS HMHTepeca He Ipej-
Avrt CcTaBJIAIOT. [[09TOMY [IJI peamsa-

VU aJITOPUTMA OKA3bIBAETCA IIOJ-
xopamum 0ydep tuma FIFO. Ecau
GUIBTP MIUPOKUIT, TO BEIUUCIEHUSI
CYMMBI B KaKJ0M IIUKJe OyAyT OTHUMATh MHOTO BpeMeHu. K cuacTbio,
3TO JIETKO NPEOJ0JIeTh, €CJAU WCIOJb30BATh IIPENBIAYIllee 3HAUEHUE
cyMMBbI. J[oCcTaTOYHO BBIYECTH M3 CTAPOM CYMMBI JIUIITHEEe 3HAUEHUE
x[j — N] u npubaBuTh HOBOe Xx[j], Bce TPOMEIKYTOUHBIe 3SHAUEHUA YKe
comep:karca B cymme. Takoil aJIropuT™M Ha3bIBAETCS PEKYPCUBHBIM.

DOYHKIMOHAJBHLIN 00K (pUIbTpa MMeeT aBa Bxoza: byln — Bxon-
HOM curHaim, byLen — mupuHa GpuiabTpa # ABa BbIxoma: byOut —
BXOmHOI curaajyi, bReady — rorosHocTs (puiabTpa. ['OTOBHOCTL MOSIB-
JsIeTcsA TOcCJe HAKOILIeHUS IIePBOHAYAJIBHOM CYMMBbI, HEO0XOAMMOI
I1s1 BbIBoZA (UJIbTpa B pabounii pe:kuM. BIOK (pUILTPa MCIOJIB3YeET
FIFO us npumepa, npuBeIeHHOro BhIllle. Pasnea 00bABIeHUI BBITJIS-
IUT TaK:

FUNCTION_BLOCK BY_MOVAVR

VAR_INPUT

byLen: BYTE;
bylIn: BYTE;
END_VAR
VAR_OUTPUT
bReady: BOOL := FALSE;
byOut: BYTE;
END_VAR
VAR
byShift: BYTE := 0;
byFIFO: BY_FIFO := (0oWREn := TRUE , bRDEn := FALSE);
wSum: WORD:;

END_VAR

Avr3

Puc. 9.18. ®Ouiabtp «CKOJIB3AIICE
cpemgHee»
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O6paTuTe BHUMAHNE, YTO IIPU 8-paspAJHOM BXOJHOM CHUTHAJe IJIs
cyMMBbI ucnosb3yercss nepemenHas tuna WORD. IIlupuna duabTpa
He MOJI»KHA IIPeBbIMAaTh 257 MCXOAsS M3 MaKCHUMAaJbHO BO3MOYKHOTO
suauenus BYTE Bxoma (255 * 257 = 65535). B mporuBHOM ciayuae
MOJKEeT IPOMBOUTHU IIepeNoJIHEHNe CyMMbI. B HaIiem nmpuMepe ImupuHa
dunbpTpa orpanmumBaerca pasmepom FIFO.

IF byShift < byLen THEN
(*pazorpeB — Ha4aJbHBIA HAOOP CyMMBI™)
byFIFO(byWR := byln);
wSum := wSum + byln;
byShift := byShift + 1;

IF byShift = byLen THEN
(*ouepenp cobpanack qocTaTouHas ™)
bReady := TRUE;
byFIFO.bRDEn := TRUE;
END_IF
ELSE (*moneT HOpMAaNBHBIN*)
byFIFO(byWR := byln);
wSum := wSum — byFIFO.byRD + bylIn;
END_IF
byOut := WORD_TO_BYTE(wSum / byShift);

IIpoBepka byShift = byLen BBemena mnsa ontumusanuu. Biaroxa-
psa aTomy paspemnenue urenus u3 FIFO um ycranmoBka rOTOBHOCTH BBI-
moJIHsIeTCsT ONWH pas. B pabouem pe)kmme BpeMs Ha 9TO He TPATUTCSH.
ITo HAKOIJIEeHU ITOJIHOUW OouepeAur yCPeIHAETCS TO, YTO ecThb. Biaroma-
pA 3TOMY (UJIBTD BKJIOYAETCA IJIABHO.

9.10. Megunauusrii puastp (FB ST)

MenuaHHBINE (QUIBTP @O AaJATOPUTMY peaaus3alliy IIOXO0XK Ha
GUIBTP «CKOJIL3sAINEe CpelHee», B HEM TaKyKe HCII0JIb3yeTCsl yCpeaHe-
HUEe HEeCKOJbKUX IOCJeIHUX 3HaueHUl curHaja. Ho BBIXOAOM (DUIb-
Tpa ABJIAETCA HE caMO yCpeJAHeHHOe 3HaueHUe, a OJusKaiiliiee K cpe-
HeMy BXOJHOe 3HaueHue. Takum obGpaszomMm, (puIbTP BhIOHMpPaeT HAMOO-
Jlee «IOAXONAINee» 3HAUEHWE W3 HECKOJBKUX HocjaefHux. MexwmaH-
HBIN (GuabTp He (OPMUDPYET IJIaBHbIE M3MEHEHUS U HCIIOJb3YeTCA B
cIyJyasixX, KOrja BasKHO COXPAHUTH KPYTU3HY (hPPOHTOB CHUTHAJA.
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Pucynok 9.19 nemoHcTpupyeT

merictBue (uiabTrpa. Bepxuasa
M KpuUBasi — BXOAHOW CHUTHAJ. ITO
””””””””””””””””””””” IIPAMOYTOJIbHEIE WMIIYJIBCBHI, UC-
m Ka'KeHHbIe UMIYJIbCHON ITOMEXOU
fffffffffffffffffffffffffffffffffffffffff u mrymom. Mogess mmryma moJryue-
m Ha ¢ IIpUMeHeHueM (QYHKIMOHa-

JBbHOTO OJIOKA «TeHepaTop CJay-

Puc. 9.19. ¥Ycpenusromumii u yaliHpIX umces». CpemgHAs Kpu-

MeIMaHHBIA (PUIBTPHI Basi — 9TO Pe3yJbTaThl 06paboT-

KM BXOJHOTO CHUTHAaJia (QUILTPOM

«CKOJIb3dIlee cpegHee», mMUpuHON 13 mukiaoB. HuskHas kpusas —
9TO BBIXOJ MEIUAHHOTO (DUIbTPA aHAJOTMYHON IITUPUHBI.

Kak BumHO M3 PUCYHKA, MEIUAHHBIA (PUJIBTP XOPOIIO IIONABJISET
KOpPOTKMe (B CPaBHEHHUM C IMMPUHOM (PUJILTPA) UMIIYJIbCHI, HO ILJIOXO
COpaBJseTcA C IMIyMaMHu. YCPeIHSIomui (GUIbTP XOPOIIo paboTaeT B
oboux ciaydasiX, HO CYIIIECTBEHHO 3aBainBaeT ()POHTHI CUTHAJIA. 3aMe-
TBTE, UTO B OTJIMYME OT CKOJIB3SIIEro CPeJHEro MeIUaHHBLIN (PUIbTD
ABJAETCA HeJnHeHHbIM, T. e. Med(x + y) <> Med(x) + Med(y).

s peanusanuu AaHHOTO (PUIbTPa MPUAETCA HECKOJLKO aopado-
tats 010K FIFO. Hy:XHO «HAyUYMTL» €ro CUMTHIBATEL 3JIEMEHTHI ouepe-
nu 6es ymamenus. IflopaboTka He BausAeT Ha 6a30Bble OIepaIUM UTe-
HUS U 3amnucu. B pasgese JIOKAJIbLHBIX IIEPEeMEHHBIX 0J0Ka HYKHO J0-
6aBUTH 00'BbABJIEHUE:

wNextPos: WORD;

K peamusamuum 6g0Ka mob6aBbTe 2 pmeitictBusda. [etictBue ClrPos
yCTaHAaBJAMBAET IIO3UIIAIO IIPOCMOTPA OUYepeay Ha IIO3UIIMI0 YTeHUd:

wNextPos := wRDPos;

HeticrBue GetNext uunraer ouepenHoit ssieMeHT ouepenu 0e3 yaasie-
HUA:

byRD := byBuf[wNextPos];

IF wNextPos > 14 THEN (*NextPos mBmxercs mo Koibiry*)
wNextPos := 0;

ELSE
wNextPos := wNextPos + 1;

END_IF
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TekcT QYHKIMOHAJIBLHOrO 0JI0KA «MEIUAHHBIA (OUIBTP» BBITJISIUAT
TaK:
FUNCTION_BLOCK BY_MEDIAN
VAR_INPUT
byLen: BYTE;
byln: BYTE;
END_VAR
VAR_OUTPUT
bReady: BOOL := FALSE;
byOut: BYTE;
END_VAR
VAR
byShift: BYTE := 0;
byFIFO: BY FIFO := (0WREn:=TRUE , bRDEn:=FALSE);

wSum: WORD; (*ckomp3siias cymma¥)
cby, (*cuerumk nukIa*)
byX, (*3HauyeHue u3 ouepenu™)
byAvr, (*ckoump3siee cpearee™)
byDifference, (* MmuHMMAaTbHAs a0cC.
pa3HOCTh*)
byXdif: BYTE; (*aOc. pa3HocTh*)
END_VAR
IF byShift < byLen THEN (*mporpeB — HavyaJIbHBIN HAOOP
CYMMBI*)

wSum := wSum + byln;

byFIFO(byWR :=bylIn);

byShift := byShift + 1;

IF byShift = byLen THEN  (*Tporaemcst HOTHXOHBKY*)
bReady := TRUE;
byFIFO.bRDEn := TRUE;

END_IF

ELSE (*enem*®)
byFIFO(byWR := byln);
wSum := wSum — byFIFO.byRD + byln;
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byAvr := WORD_TO_BYTE(wSum / byLen);

byFIFO.ClrPos; (*mouck MeuaHbI*)
byDifference := 255;

FOR cby := 1 TO byLen DO
byFIFO.GetNext;
byX := byFIFO.byRD;
byXdif := MAX(byX,byAvr) — MIN(byX,byAvr);
IF byXdif < byDifference THEN
byDifference := byXdif;
byOut := byX;
END_IF
END_FOR
END_IF

BrruucieHune cpegHero 3HAUEHUS 3MeCh HUUYEM HE OTJIUYAETCA OT
peanusanuu, ONMCAHHOU AJsA (GUIbTPaA «CKOJb3sAIee cpegHee». laee
B OUepeau IPOCMAaTPUBAIOTCA IMOCaef0oBaTeabHO byLen sHauenuit. s
Kakgoro Kauguznara byX oleHuBaeTcs abCOJIIOTHOE 3HAUYEHUE ero OT-
auuusa ot cpenuero byXdif. VI3 mpocMOTpeHHOTO XBOCTA OUePEen BBI-
OupaeTca OJMMKAUINUN K CpegHEMY 3JIEeMeHT. AJITOPUTM peajin30BaH
«B JIOO» 0€3 ONTHMMU3AIINN.

OOpaTuTe BHUMAaHUE, YTO IMU(PPOBbIE (QUILTPHI MOMKHO KCIIOJJIb30-
BaTh TOJBKO IIPU HAJIWUUU aHaJoroBoro ¢uiabrpa Ha Bxone AIIII. Bri-
COKOYACTOTHBIE COCTABJSIOIINE CUTHAJA, MJISA KOTOPHIX HE BBIMOJIHS-
IOTCA YCJOBUS TeopeMbl KoTelbHUKOBA, HE OCJHA0IAITCA IUMPOBBIM
duapTpoMm. Xy:Ke TOT0, HUPPOBOH GUIBTP BHIAEJIUT HEKOTOPOE HU3KO-

YacTOTHOe KoJjebaHUe, He WMeo-
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Iee HUYEro OOIMero ¢ MCXOMHBIM
curasoM. JlaHubIA adhderT Ha-
3bIBAETCS MEePEKPBLITUEM CIIEKTPOB

gopy - L (moppoGuee cm. [13], [20]). D-
Av9_/ \ / \ / ~ dexT mpexacrasieH Ha puc. 9.20.

. 7 Bepxusas xkpuBasg — mnepuomuye-
100 CKUI CUTHAJI C IIeEPUOJOM B 8 pas
Medo Kopoue IIMKJa paboThl (DUIBTPOB.

00 50 n 60 0 100 IIBe HU)KHIE KPUBBbIE — BBIXOIbI

YCPEIHAIIEro MW MeIUaHHOIO
Puc. 9.20. IlepexphiTuHe CIEKTPOB nudPOBHIX (GUIBTPOB.
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9.11. Jluneapusanusa usmepeauii (PRG ST)

JlaHHBIA TPUMEDP AEMOHCTPUPYET METOAUKY NpUMeHeHUud (QyHKII-
onaabpHoro 610ka CHARCURVE.

PaccmoTpuM A5 KOHKPETHOCTH MpaKTHUYecKyio 3amauy. Heobxo-
IUMO M3MEPUTh KOJHUUECTBO TOILIMBa B O0ake emkKocThio 220 ji. Bak
UMeeT HeNPaBUJILHYI0 reomerpuueckyio ¢opmy. Ilorenmumomerpuue-
CKUM JaTUYUK MHOAKJIOUEH K aHAJOTOBOMY AECATUPA3PATHOMY BXOIY
IIJIK. Heob6xomuMo MOJNYYUTHL 3HAUEHHUSA B JIUTPaxX, OTHOCUTEIbHAS
OT'PEIIHOCTD aJTOPUTMa YPOBHS He IOJIXKHA IIPEeBBIIaTh 5% .

OmpenesnuTh aHAJIUTAYECKOE BBIPAYKEHNE B JaHHOM CJIydYae CJIMIII-
KOM CJIOJKHO. ByZeM HCII0oIb30BaTh 3aBUCHUMOCTh, CHATYIO OIBITHBIM
nyrem. [ia sroro mo:kHO nmpuMeHuTsh [IJIK u CoDeSys B pe:xkume mo-
HUTOPUHTA BXOJHBLIX II€PEeMeHHBIX. ByleM cuuTaTb, 4TO JaTYUK YPOB-
HS yiKe MOAKJII0UYeH K KOHTPOJJIEPY.

I 06paboTKM MCXOOHBIX MAHHBIX U OIITHMAJILHOTO BBIGOpA BEK-
TOpa y3J0BBIX TOUEK B JaHHOU 3azade ya0O0HO MCIIOJIb30BATh MaTeMa-
TUYecKue KoMIlaeKchl [11] smbo cmenmanu3dmpoBaHHBIE HayUYHBIE Ka-
apKyaATopsl [12]. Ho gmaBaiiTe yMBINIJIEHHO OTpaHMUYMMCs 0OoJiee J0-
CTYOHBIM O(pUCHBIM MHCTPyMeHTOM — Microsoft Excel.

B mepByI0 ouepeab HYKHO CHATHIE 9KCIIEPUMEHTAJILHO JaHHbIe, 3a-
Hectu B Tabauny Excel u mpoBecTu criakuBaHue (HampuMmep, MeTO-
IIOM CKOJIB3AIero cpeaHero). Ha puc. 9.21 mokasaHa criakeHHas 3a-
BHCHMOCTb B (h)opMe TabJHUIILI U rpaduKa. OTO CTaHAapTHAs TOUeUHAS
ImarpaMMa CO CTJIa’KUBAIONIUMU JMHUAMU (CIIJIAAHBI).

Tabauma ys3/0BBIX TOUEK MOJyUYaeTCA CIAeTYIONIUM 00pasom:

e IIepBasd W TOUKaA OeperTcsA M3 UCXOTHOUW TAOJHUIILI, AJIS HYJEBOTO

apryMeHTa;

e najiee HYKHO OIPENEeIUTb HeCKOJIbKO (5 — 10) Touek mo rpadu-
Ky «Ha rJaasd». 9TO HYKHO IJA TOT0, YTOOBI He MMepeonpeneaThb
pan orobpakaembix Excel maHHBIX BCAKUII pas OpU IIOATOHKE
OoYepesHON TOUKMH;

e Temephb CTPOMM TOUEUHYIO AUATPAMMY IJid IMOJYUYEeHHOI TabJiu-
1bl. OTO MOJIMKEeH OBITH BTOPOU PN HAHHBIX B TOM K€ OKHe aua-
rpaMMbI, CTaHAAPTHASA TOUeUHAas quarpaMma 0es CriaaKUBaHUST;

e IJIS MCXOMHOTO PsAfa AAHHBIX HYKHO BKJIIOUUTH PEKUM OTOOpa-
JKeHUS BEePTUKAJIBbHBIX IIJIAHOK OTHOCHUTEJNHHOM IIOIPEIIHOCTH II0
Y (5%);

e Tajiee TOCJEIOBATENHBHO KOPPEKTUPYEM Y3JI0Bble TOUKHU Tak,
YTOOBI OTPE3KU BIMCHIBAJINCH B IOJIOCY, OTPAHMUYEHHYIO IIJIaH-
KaMu ImmorpeirHocTu. IIpu HeoOXoguMOCTU J00aBIsgeM JOIIOJIHU-
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Ed Microzoft Excel - FuelQuantitylndicator_xls

J Faiin MNpaeka Bug Bcoraeka HPopmar Cepewc Ouarparasa Okno Cnpaska ;lilﬂ|
DSHSRY|sBRS|w-=-|@= 5 4 i H - 3
Pag 1 | =| =PAL[: Mnet! 15AF2: §A527; Muct! 15B52: 56527 1)
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1 |Hzm. TuTpel Tl
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| 11 | 345 0 -
12 | 299 70 =
13 | 260 a0 00
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| 20 | 102 150 .
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Puc. 9.21. T'paduk 3aBucumMocTu 00beMa TOmIUBa OT 3HAweHHUit AIIIL

TeJabHble TOuKM. OKHO AuMarpaMMbl HEOOXOAUMO PACTAHYTH IO
yno6HOTO MacIirada.

VBenuueHHBIH (parMeHT rpaduuecKoil AuarpaMMbl, IeMOHCTPHU-
pyIoImIuii ONMCaHHBINA IIPOIlece, moKasaH Ha puc. 9.22.

ITonryueHnHbIe pe3yabTaThl HeoOxomumo mpoBepuTh B CoDeSys. [ia
3TOTO [MOCTATOYHO UCIIOJNb30BaTh pexxkuM smynadanuu IIJIK. TecroBas
nporpamMa Ha s3bike ST OyaeT BbITJIANETH TaK:

PROGRAM PLC PRG

VAR

curvLIN: CHARCURVE;

x,y: INT;

BP:ARRAY][0..10] OF POINT :=
(X :=0,Y := 220),(X :=10,Y := 220),
(X :=160,Y :=112),(X := 300,Y := 68),
(X :=480,Y := 39),(X := 700,Y := 22),
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(X := 960,Y := 8),(X := 1023,Y := 0);
END_VAR

IF x > 999 THEN

x = 0
ELSE

X 1= x+5;
END_IF

curvLIN(IN := x, N := 8, P := BP, OUT => y);

Ed Microsoft Excel - FuelQuantitylndicator.xls

Pain Opaeka Bua Boraeka Popmar Cepeuc Auarpatsda Oedo
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Puc. 9.22. ITog60p y3J0BBIX TOUEK

PesyabTaT TpaccUpPOBKM TECTOBOM MporpaMMbI IIOKasaH Ha
puc. 9.23. ITo ocu X 3mech yKasaHbl IIMKJILI pPaboThbl IIPOrpPaMMBbI,
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E: Sampling Trace M=] B3
Trigger
230 PLC_PRG.x
Yar 0
IPLC_PRG.y v[
Var 1
Yar 2
Var 3
Yar 4
Varh
0 I vl
0 30 60 90 120 150 180
Var k
KT " 2
Puc. 9.23. TpaccupoBka 3aBUCHMOCTH
OIVH ITMKJ YBEeJIWUYMWBAET apryMeHT Ha 5 (X := x + 5). Bug momyuen-

HOTO TrpaduKa COOTBETCTBYET MCXONHOII saBucumocTu (puc. 9.21).
9TO CBUIETEJILCTBYET 00 OTCYTCTBUU NMPUHIIUINAILHBIX OMINOOK B pe-
IIeHUN.

Hcnonb3oBaHHbIN 37ech rpa@uuecKuii MeTon IoAdopa 3HauYeHHd,
KOHEYHO, HaIJIANeH, HO He JaeT TapaHTUU AOCTUKEHUS 3aJaHHOU
TOYHOCTHU. IIpn HEOOXOAMMOCTU BBI MOXKeTe 3amucaTh B Excel dopmy-
Jay KycouHo-auHeiiHoit nHTepnoaanuu (cm. onucanue CHARCURVE)
¥ IPOCUUTATH 3HAUEHUA ITOTPEITHOCTY BO BCEH 00JIACTY OIpeNesIeHus.
Hnsa 10 paspagaoro AILII sto unTepsan [0—1023].

9.12. IIIupOTHO-UMITYJILCHBIA MOJYJISITOP
Ha 0a3e taiimepa (FB IL)

Biok mupoTHO-uMIyabcHOTO MoayaaTopa (IIIMM) remepupyer um-
TyJIbChl, KOA(PUIIMEHT 3aII0OJHEHUS KOTOPHIX MOYKHO U3MEHATh. BJIok
MOXKHO IIPUMEHUTH IJIA aHAJIOTOBOT'O YIPABJIEHUA C MCIOJIH30BAHUEM
OUCKPETHOTO BBIXOZA. BpeMsa peaknuu o0beKTa YIPaBIEHUA LOJKHO
OBITH 3HAUUTENbHO OoJsibilie mepuoga IIMMM-uMIyJabCOB. OTO MOMKET
OBITH, HAIIPUMED, AJIEKTPUUYECKUN HarpeBaTelb, JaMIa HaKaJINBaHUA,
IBUTaTeJb IIOCTOSHHOTO TOKA, CTPEJIOYHBIN WHAWKATOD U T. [.

B mamem npumepe nepuon umnyJsabcoB paBeH 100 mc. Koadduim-
ear 3amosimenusi byRate sesxur B mpemenax or 0 mo 100%. Ha
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puc. 9.24 mnorasaunsl (opmupyemsbie O0soKoM IIIMM wumMnyabchl mpu
byRate pasmom 30, 50 u 70.

30

sol I I \_I
| L LI

Puc. 9.24. BpIX0oasl HMIMPOTHO-UMILYJIbCHOTO MOIYJISATOPA

DYHKIIMOHAJBHBIN GJIOK IIOCTPOEH Ha 0ase CTaHZAPTHOTO Taiimepa
TP. Bxoauoit mapamerp Tuna SINT npeo6pasyercs 8 TIME. Ilpu uc-
moJib30oBaHUM mepuoga paBHoro 100 aIuTeJ bHOCTh MMIOYJabCa PaBHA
byRate, giurenpHocTs mayssl paBHa 100 — byRate.

FUNCTION_BLOCK PWMTP

VAR_INPUT
byRate: USINT;
END_VAR
VAR_OUTPUT
bOUT: BOOL;
END_VAR
VAR
PERIOD: TP;
tPulse: TIME;
tPause: TIME;
END_VAR
CAL PERIOD
LD PERIOD.Q
EQ FALSE
RETCN (*HeT n3MeHeHuH ™)
LD bOUT (*KOHYMIICS MMITYJIbC WITH T1ay3a?™)
EQ TRUE
JMPC pause
LD TRUE (*umrimybe™®)
ST bOUT

LD byRate
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SINT_TO_TIME

ST PERIOD.PT
JMP oscillation
pause:
LD FALSE (*mayza*)
ST bOUT
LD 100
SUB byRate
SINT_TO_TIME
ST PERIOD.PT
oscillation:

CAL PERIOD(IN := FALSE) (*mms 3amycka Taiimepa™)
CAL PERIOD(IN := TRUE) (*nyxeH uMiyibc*)

9.13. YnpaBjieHue peBepCUBHBIM IMPHUBOIOM
(FB SFC)

Ha puc. 9.25 nokasana cxema peBepCUBHOI0 3JIEKTPOIIPUBOIA ITBU-
raTeJsis ITOCTOSTHHOTO TOKa 6e3 00paTHOM CBA3UW C yIIpaBJIeHUEM pPasTro-
HOM M TOPMOXKeHUeM 1o BpeMeHU. CxeMa COAePIKUT CIAeAYyIOIIne dJe-
MEHTBI YIIPaBJIEHUS:

e Pwr — cuigoBoOil mycKaTesb, IIOJaeT HaNpsKeHNe TUTAHNUST;

e Rew — 0610k peBepca. Eciu 60K peBepca BKJIIOUEH, TO IIPOBOJA

MUTAHUS COENUHAIOTCS MePeKpPecTHO, obecmeunBas H3MeHEHUe
MOJSAPHOCTH. VI3MEHATh HAIIPABJICHNE BPAIEHNIS MOYKHO TOJBLKO
[P OCTAHOBJIEHHOM JBUTATEJI€ M BBIKJIIOUEHHOM HUTAHUU Pwr;
Start — 1ens pasrona. ObecreunBaeT MJIABHBIN CTapT ABUTATEJSA
0e3 meperpysku. BKiiouaeTcss Ha 3aJaHHOE BpeMs IIPU IIYCKe;
Break — 070K TopMmoskenusa. IloaxkamouaeT HArpy3Ky K Bpalrjaio-
IeMycs B pesKuMe TeHepaTopa ABUTATe] 0, o0ecrIeunBas 3JIEKT-
poMaruuTHOe TOpMOsKeHue. BKIouaeTcsa Ha 3aJaHHOe BpeMs II0-
cje OTKJIIUEHHUA NUTAHUA. IIpu BKIIOUYEHHOM IUTAHUUA BKJIIO-
YaTh TOPMOKEHUE HeJIb3d.

Kak BUIHO M3 ONMMCAHUSA, AJTOPUTM YIIPABJIEHUS IIOJyUaeTCsa He
CJIMIITKOM IIPOCTBHIM. 3a7ada 3aKJJYaeTCs B TOM, YTOOBI CO34aTh (PhyH-
KIIMOHAJIBHBIN OJIOK, MMEIOIUH JBa BX0Ja — BKJIOUUTH IpuBox (On)
u pesepc (Direction). IlepekouaTs BXOAbI MOYKHO B JII000€ BpeMs U B
gobom mopsaaxe. Bxoaer tStart m tBrake samaror Bpemsi pasrona u
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=] Motor =]
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]

Puc. 9.25. Busyaamusamusa cxemsl npusoga B CoDeSys

TOPMOXKEHUA COOTBETCTBEHHO (II0 YMOJUYaHUIO 5 ceKyHnI). BiIoKk nmeeT
4 BbIXOIa, yIIpaBJIA€MbIX BBIIIEOIIMCAHHBIMU CHUJIOBBIMU 3JIEMEHTaMM.

dyuknuonagbublii 00Kk ReversibleEngine peanmsoBan B Buue
SFC-pumarpammer (puc. 9.26). Illaru 1 ycaoBuaA mepexof0B peasns3oBa-
el Ha ST.

FUNCTION_BLOCK ReversibleEngine

VAR_INPUT
Direction, On: BOOL;
tStart: TIME := t#5s; (*Bpems pasrona™)
tBrake: TIME := t#5s; (*BpeMst TOpMOKEHHUS*)
END_VAR
VAR_OUTPUT
Power, (*BriroueHME*)
Reversal, (*peBepc*)
Starting, (*pazron™)
Braking: BOOL; (*ropmo3*)
END_VAR
VAR
Tm: TON; (*raiimep pasrona u Topmosa*)

END_VAR
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Stop

—I—Tm.Q ORNOT On OR Reversal <> Direction

—I— NOT On OR Reversal <> Direction

Braking

[e]  [x]
™™.Q
Stop

Puc. 9.26. SFC-guarpamMmva 6/I0Ka ynmpaBJIeHHS PeBE€PCUBHBIM IIPUBOIOM

Cmon

Hauansusiii mar (Stop) He melaeT HMUYero, TOUHee TOBOPS, *KIET
BKJIIOUYeHUA On.

TRANSITION FROM Stop TO Run:= On

END_TRANSITION

Pa3szon

IIlar, BeIOJHAIONNN pekum pasrona (Run), mokeH ObITh aKTHU-
BeH He Oojee Bpemenu tStart. Ecam Bo BpeMs pasroma mpous3ounjer
BBIKJIIOUEHE WU M3MeHeHUe HalpaBJIeHUs, IIar JOJIKeH 3aKOHUUTD-
ca pocpouno. Takum ob6pasom, hopMupyeTcsa yCJIOBUE IIepexonaa:

TRANSITION FROM Run TO Motion:=

Tm.Q OR NOT On OR Reversal <> Direction

END_TRANSITION

Ilpn akTuBamum 1mIara B3BOAUTCA TaWMep, BKJIIOUAETCS BBIXOJ
CTapTOBOTO perKmMa, o0llee MUTaHMe U BHIXOJ PeBepca B 3aBUCUMOCTH
OT HYJKHOTO HampaBjeHUs. Bcs paboTra Bo BpeMsA aKTUBHOCTH IIara
CBOJIUTCA K BBI3OBY 9K3eMILIApa Talimepa:

STEP Run: (*pazron*)
Tm;
END_STEP
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ENTRY_ACTION
Tm(IN := FALSE, PT:= tStart); (*3amyck Taiimepa*)

Tm.IN := TRUE;
Starting := TRUE;
Power := TRUE;
Reversal := Direction;
END_ACTION
Heuscenue

IIlar, orBeuatomiuii 3a pe:xuM Apm:kenus (Motion), akTuBeH, moka
He IIPOM3O0MAeT BBIKJIIUEHNE WM M3MeHeHHe HAIpPaBJIeHUSA. ¥ CIOBUe
mepexofia OT ABMXKEHUA K TOPMOKEHUIO:

TRANSITION FROM Motion TO Braking:=
NOT On OR Reversal <> Direction
END_TRANSITION

Ecnu miar pasrona 0bL71 IPepBaH JOCPOYHO, TO JAHHOE YCJIOBUE IIe-
pexoma taxsxe Oymer MCTUMHA, msurartenb Iepeizer K oTpabOTKe
TOPMOYKEHU .

IIpu axTuBaIUu IIara HYKHO BBIKJIOUNUTH pasroH. Bo BpeMs OBU-
JKeHUs, KpoMe OKUAAaHWUS YCJIOBUI Ilepexoja, HUUero JejaTb He Tpe-
oyercs.

STEP Motion: (*pexum*)

END_STEP

ENTRY_ACTION
Starting := FALSE;
END_ACTION

Topmosxcenue
TopMmoskeHme Bcerma oTpabaThIBaeT 3aJaHHOE BPeMs II0 TaliMepy U
IEePeXOoUT K HAYaJbHOMY IIary:
TRANSITION FROM Braking TO Stop:=
Tm.Q
END_TRANSITION
HauanpHoe feficTBue miara B3BOAUT TaliMep, OTKJIIOUAET IMUTAHUE

W BKJIOYAeT TOpMOKeHue. Bo BpeMsa OoTpabOTKU TOPMOKEHUS HUKAa-
KUX OeiicTBUIi, KpoMe KOHTPOJISI BpPeMeHW, AesaTh HeHYKHO. 3aBep-
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4, CoDeSyz - ReversibleEngine. pro*

Fil= Edit Project Inzert Egtraz Online  Window  Help
Bl ke R s e S = L Y Y R i

S 0001 TeIN = FALZEPT = tStart), -
0002 Tm IN = TEIUE, |
0003|3tarting = TRITE,

0004 F ower = TEUE,
0005 Feversal .= Direction,

— Ay Action Bun [S g ] 4 LI—A

E] 0001 T,

| |

-4 Action Motion - Entry [ST]SE
0001 [Starting = FALEE,

El | |

ot on >
0001 ToIN = FALSEFPT = tBrake),

Erdking 0002 Tm IN = TEIUE,

=] [ Q003|F ower = FALZE,

0004Eraking = TRTIE,

- I hcion oking IR

o 0001 T,

T OR[>

0001[Bratine = FALSE:
i

[OMLINE [0 [READ

Puc. 9.27. IloxHoe mpencraBiaenue (pyHKIHOHAJIHFHOIO GIOKa
ReversibleEngine

mraeTca IIar OTKJIOUEHMEM TopMoikeHuA. Ilo okoHUYaHMu Irara Bce
BBIXO/JBI BBIKJIIOUEHBI, YTO COOTBETCTBYET HAUAIBHOMY COCTOSHUIO.
STEP Braking: (*ropmoxeHnue*)
Tm;
END_STEP

ENTRY_ACTION

Tm(IN := FALSE, PT := tBrake);
Tm.IN := TRUE;
Power := FALSE;
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Braking := TRUE;
END_ACTION

EXIT_ACTION
Braking := FALSE;
END_ACTION

Biaromapa npuMeHEHUIO BXOAHBIX U BBIXOJHBIX NEHMCTBUI aJiro-
putM paboThl OJIOKA MOJYUYMJICS AOCTaTOUHO s(ddeKTuBHBIM. Kpome
KOHTpPOJA TaliMepa, maru «Pasrom» u «TopmoskeHue» He comepKarT
HUKAKUX MOeHCTBUIH, MOBTOPAMINUXCA B KaiKIOM paboueM IIHKJIE.
IIpomomxurensubie maru «Crom» u «l[BUKeHME» BaHSITHI TOJBKO
IIPOBePKOI yCJIOBUH Iepexoja.

ITeuaTHoe mpexacraBaeHue meiictBuii SFC-muarpaMMbl BBITJIAIUT
HECKOJbKO rpoMo3ako. B cpeme CoDeSys kakgoe meiicTBue oTpasKaer-
cA B OTAeJbHOM OKHe ©0e3 kiamoueBbix cyoB (END_ACTION,
EXIT ACTION). ITomumo sToro, 6jaromapsa MacIiTaOMpPOBaHUIO Aua-
rpaMMbI M BBIOODPY HEOOXOAMMOI'O PACIIOJIOKEHUA OKOH aHaJIU3UpPO-
BaTh paboTy AMarpaMMbl JOCTATOYHO ymob6HOo (puc 9.27).

9.14. CpaBHeHUE A3BIKOB C MO3UIIUH MHUHMUMU3AIUA
koxa (IL, ST, FBD, LD)

Kaxkoit u3 a3bIk0B mporpammvupoBanusa MOK mosBossgeT cos3maBaTh
HamnboJiee KOMIAKTHBINA KoA? OTBeT Ha STOT BOIPOC AOCTATOYHO IIPO-
ct. Pasmep Koja He 3aBHUCUT OT S3LIKA PeaIn3al[in.

ITepeBom mporpaMMbI ¢ OSHOTO A3bIKA Ha APYroii He mMMeeT HUKA-
KOr0o CMBICJIA C TOYKHU 3PeHus onTumusanuu. IIppMeHeHre METOK H
IepexosoB B rpapuuecKuX sI3bIKaxX JaeT BO3MOXKHOCTL (DOPMAJIBLHOTO
(MaImmuHHOTO) ImepeBoga pasBerTBaeHHBIX ST- u IL-mporpamMm B rpadu-
yecKkue A3bIKK. KoHeuHo, Takas rpajuueckas guarpamMma 0OoJjee Ha-
nomuHaeT IL, rmge TeKCTOBble MHCTPYKIMM 3aMEHEHBI KAapPTUHKAMH.
Kopn, remepupyeMbIii TakKMMU IIpOorpaMMaMu, COBIIafaeT M0 OuTa.

EnuncrBenHbIM uckaoueHueM saBiaserca SFC. IIpoBepka yciaoBuii
IepexoloB, yIIpaBjeHle aKTHBHOCTBIO IIIAroB B 0O0IleM cjayuae Tpedy-
eT MOCTATOYHOTO Pa3BUTOTO MeXaHU3Ma ympaBieHus. [losTomy Kom ¢
npumenenueMm SFC Bcergma mmeeT ompenesieHHble u3nep:kKu. Ho B
9TOM HeT Huuero yausuteabHoro. Asvixk SFC mpegHaszHaueH aasd ObI-
CTpO# paspabOTKM BEPXHETO YPOBHA. [[OMOTHUTENbLHBIA KOM SBJSIET-
cdA IJIaTON 3a YHHBEPCAJbHOCTH, HATJIAJHOCTHL M OBICTPOTY peamsa-
UK IPOeKTa.
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Bosiee KOMIaKTHOTO KOJla MOKHO JOCTUYb TOJBKO 34 CUET PYyUYHOMH
mepepaboTKu ajsroputMa. lIpaBUbHOE WMCIOJH30BaHUE DPA3HBIX SA3BI-
KoB MOK TpebOyeT pasHOTO HOAXOJa ¥ PasHOro obpasa MBICJENH.
B pesyabrare s(peKTHBHOCTH, KOHA 3aBHUCUT HCKJIOUNTEJIHLHO OT Ka-
YyecTBa MPOPAOOTKU M OT CTEIEHU BJIAJEHUS MPOTPAMMUCTOM JaHHBIM
SABBIKOM.

BesyciioBHO, pasmep Koga — dTO caMoe IIOCJefHee TPeOOBaHme K
IIJIK-tmporpamme. Heo6xXxoAMMOCTh MUHUMU3AIUU MOJKET OBITh BBI-
3BaHa HemocraTkoM namsaTu nporpamm IIJIK. Kpome Toro, mepepa6oT-
Ka aJropurMa, HalIpaBJIeHHAs HA yYMEHbIIeHWEe KOIa, KaK IPaBUJO,
OPUBOAUT K MOMCKY OITHMMAJLHOTO AaJTOPHUTMa U COOTBETCTBEHHO K
YBEJIMUEHUIO TPOU3BOAUTEIbHOCTU CUCTEMBI.

BrimensiosKeHHbIE YTBEPIKAEHUA HE CJIOYKHO IPOBEPUTH HA IIPaK-
Tuke. JlaBaiiTe cgenaem aTo Ha 0ase IpuMepa «YIIpaBJIeHUE PEeBEPCUB-
HBIM mpuBogoM». IlompoOyeM peaysn3oBaTh IIPUMEP Ha Pa3HBIX S3bI-
Kax ¥ pasHbIMU crnocobamu 0e3 nmpumeneHus SFC.

Bce npumepsr peanunzoBanbl B CoDeSys (Bepcus 2.2) m OTKOMIIH-
JIUPOBaHBI JJIA ABYX IIUPOKO PACHIPOCTPAHEHHBIX MUKPOIIPOIIECCOP-
HBIX maaTdopMm: 8-paspsangHoe cemeiictBo Intel 8051 u 16-paspsagHoe
Infineon 16x. IlpuBemeHHBIe HaHHBIE O pasMepe Kozxa (B OamnTax)
BKJIIOUAIOT TOJBKO pasMep (GYHKIMOHAJIBLHOTO OJIOKA U €ro MOXTYJIA
HavYaJbHOU MHUIMAINI3AIINY ITIepeMeHHBIX. Ko TecToBOil mporpaMMBbl,
BCIIOMOTATEJbHBIX (ZDYHKIIUNA TeHepaTopa Koja 1 OHOJIMOTEK He yUu-
THIBAJICA.

9.14.1. IIporpaMMupoOBaHNE IOCIETOBATEILHOCTH COCTOTHMI
(ST, IL)

Ilpu peanusanuu ajJropuTMOB, 0A3UPYIOIIMXCA HA IOCJTEIOBATE-
JbHBIX COCTOSHUMAX B yHUBepcaabHBIX sa3biKax (C, accembiiep), mpu-
XOIAUTCS CTPOUTH CEJIEKTOP COCTOSHMII. Bo MHOTMX ciaydadx mocTa-
TOYHO MMETh OIHY IIePEMEHHYIO, KOAMUPYIOIIYI0 COCTOSHNIE IIPOrpaM-
MHOTO MopayJisd. IIlar, cOOTBETCTBYIOIIUI OIPENeIeHHOMY COCTOSHUIO,
IOJI’KeH BKJIIOUATH MPOBEPKY YCJIOBUA MEPEeXola W COOTBETCTBYIOIee
u3MeHEeHIe CeJIeKTOPHOU mepeMeHHOW. OJHOBpPEMEHHO MOKHO BbI-
HOJIHUTH BBIXOJHOE JAelicTBUE, ecJau OHO Tpebyercs. BxomHble melicT-
Bua (Tepmunosiorus SFC) morpebyroT OTOEeIbHOTO COCTOAHUSA C 0esy-
CJIOBHBIM II€PEXO0J0M K OCHOBHOMY Iary. IIpu HeoOXOauMOCTU IIepe-
XoJa K IIPOM3BOJIBHOMY IIIAry CeJeKTOPHOII MepeMeHHON HYKHO
IPUCBOUTH HeOOXoamMoe 3HaueHme. Eciu Iepexoj MPUBOAUT K CJe-
OyIOIleMy IlIary, TO JOCTATOYHO YBEJIUYUTH CEJEeKTOPHYIO IIepeMeH-
HYI0 Ha eIUHUILY.
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IIceBgokom mporpaMMHOTO KOMIIOHEHTA, peanusyolnero (a3sik ST)
TAKOM aJITOPUTM, OyZeT BBITJIALETH TaK:

VAR
state := 0; (*HavanpHOE COCTOSIHUE™)
END_VAR
CASE state OF
0: nelicTBue;
ecJii yCJOBUe mepexofa He MCTUHA, TO 3aKOHUYUTH
Bo3Bpar (return) ;
BBIXOJHOE JeliCcTBUeE;
1: BXOJHOe AelicTBue Immiara 2;
2: nIelicTBUe;
ecJi yCJIOBHUE BeTBJIEHHUS MCTHHA, state = ‘Homep
miara’, BO3BpAarT;
ecJi yCJOBHE Iepexoja He MCTUHA, TO 3aKOHUYUTH
BO3BpAT;
BBIXOJHOE JelicTBue;
ELSE
IeficTBUE II0 YMOJIYaHUIO;
state := 0;
BO3BpAT;
END_CASE
VYBesuuuts state ma 1; (*BBIMOJIHSACTCS, €CITU HE OBLIO

BO3Bpara’*)

Hcmonba3ysa omrMcaHHBIA METO, IepeBeieM (PYHKIIMOHAJIBHBIA O0JIOK
Reversible Engine mommocteio Ha siseik ST. BesycioBHO, B Takom
mpeobpasoBaHUM HET MHOTO HPAKTUYECKOTO CMbICJA, KpOMe HAIIIero
«CIIOPTUBHOT'O MHTEPeca» — NOCTUIKEHUS MUHUMAaJILHOTO KOJa.

Pasmen o0bABIEHUN IIepeMEHHBIX HEeOOXOAUMO JOMOJHUTL OMHOI
JIOKaJIbHOII mTepemMenHoii State mesoro Tuna. IlponymepyeM mo mopsn-
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Ky Bce JelicTBusA aumarpamMmbl. Ilepemennas State Oymer orpaskaTh HO-
Mep aKTUBHOIO [OelcTBUA. AJTOpuUTM O0JIOKA HE HN3MEHUTCH, eCJIH
BXOJHBIE [IefCTBUA IIAroB BBINOJHSATL B MPEABLIAYINEM IUKJE, UTO
IaeT cokpalneHue HeoOxoauMmbix coctosHuii. Coorsercrsue ST Tek-
cra u SFC-geiicTBUil yKa3aHO B KOMMEHTAPUAX.
CASE State OF
1: (*STEP Run¥)
Tm;
IF Tm.Q = FALSE AND On AND Reversal = Direction
THEN RETURN; END_IF

(*EXIT Run*)
Starting := FALSE;

2: (* STEP Motion*)

IF On = TRUE AND Reversal = Direction THEN
RETURN; END_IF

(*EXIT Motion*)

Power := FALSE;

Braking := TRUE;

Tm(IN := FALSE, PT := tBrake);
Tm.IN := TRUE;

3: (*5: STEP Braking*)

Tm;
IF NOT Tm.Q THEN RETURN; END_IF
(*EXIT Braking*)
Braking := FALSE;
ELSE
State = 0; (*Ha Besikmii cimyqaii™®)

(*STEP Stop™)
IF NOT On THEN RETURN; END_IF

(*EXIT Stop*)

Tm(IN := FALSE, PT:= tStart);
Tm.IN := TRUE;

Starting := TRUE;
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Power := TRUE;
Reversal := Direction;
END_CASE

State := State +1;

IITar «cTom» SBJSIETCS IITaroOM II0 YMOJYAaHUIO ¥ COOTBETCTBYET HY-
JeBOMY 3HAUEHUIO CeJIEKTOPHOU mepeMeHHON. Bripaskenue State := 0;
He ABJAETCA 00A3aTeJIbHBIM, HO IPUAAET OJIOKY YCTONYMBOCTH IIPU
CIyuYallHbIX U3MEHEHUSX CeJIeKTOPHOU IlepeMeHHOI. Ipyrum croco-
0OM B3aIlUTHl MOXKET CJIY:KUTh IPUMEHEHUe IIePeMEeHHOM C OrpaHUYeH-
HBIM JUANa30HOM MU IepeuncieHue. [laHHaa peanusanusa GyHKINO-
HaJbHOTO 6JI0Ka paboTaeT coBepienHo aHamoruuuo SFC, uTo Heca0xK-
HO npoBepuTh B pexxkume smyaanuu IIJIK CoDeSys.

IlepeBemem Temeph PyHKIMOHANLHBIA 00K Reversible Engine ST
Ha a3bIK IL. IlepeBos BBINIOJHEH BPYUYHYIO C HE3HAUUTEJIHLHOU OUeBU/I-
HOII ONTUMU3AIINe.

LD State (*Cenexrop cocTostHUi State™)
EQ 1
JMPC casel
LD State
EQ 2
JMPC case2
LD State
EQ 3
JMPC case3
LD 0 (*Ha Besikuii cmydaii™)
ST State
caseQ: (*STEP Stop*)
LDN On (*IF NOT On THEN RETURN¥)
RETC

(*EXIT Stop*)
CAL Tm(IN := FALSE, PT := tStart)
LD Direction
ST Reversal (*Reversal:= Direction;*)
LD TRUE
ST Starting (*Starting := TRUE;*)
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ST
ST
JMP

casel:
CAL
LDN

AND
AND
EQ

RETC

LD
ST
JMP

case2:
LD

AND
EQ

RETC

CAL
LD
ST
ST
LD
ST
JMP

case3:
CAL
LDN
RETC

Power
Tm.IN
NextState

(*STEP Run*)
Tm
Tm.Q

On
( Reversal
Direction

(*EXIT Run*)
FALSE
Starting
NextState

(*STEP Motion*)

On

( Reversal
Direction

(*EXIT Motion*)

(*Power := TRUE;*)
(*Tm.IN := TRUE¥*)

(*IF Tm.Q = FALSE AND On AND
Reversal = Direction THEN RETURN¥*)

(*Starting := FALSE;*)

(*IF On=TRUE AND Reversal =
Direction THEN RETURN¥*)

Tm(IN := FALSE, PT := tBrake)

TRUE
Tm.IN
Braking
FALSE
Power
NextState

(*STEP Braking*)

Tm
Tm.Q
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(*EXIT Braking*)
ST Braking (*A=FALSE¥)
NextState: (*State := State +1;*)
LD State
ADD 1
ST State

Ha puc. 9.28 nmokasaHna cpaBHUTeJbHAs AuarpaMMma pasMepa Koja
dyurnmonampHOro 6sioka Reversible Engine mcxoguoit SFC-peanusa-
nuu u nepeBeneHHbix ST- u IL-peanusainii.

08051
1400 | 1268 D16x
1200 4
4 918

100 821 28 793

800 - 7 680

600 ~

400 -

200 A

0 T T T
SFC ST IL

Puc. 9.28. Pasmep roma Reversible Engine B mociemoBaTeapHOI
peaiusanmuu

VMensniienue pasmepa Koga IL mo cpasuenuio ¢ ST mocTuUrayTo 3a
CUeT ONTMMUBAIMU CeJeKTOpa IePEeX00B U OIlepaluy IPUCBANBAHUA
gormueckux sHauveHwuii. (Omepatop LD TRUE um 3a HUM HECKOJBKO
omepanuii npucBauBaHusa. B a3pike C cyIlllecTByeT aHAJIOTUUYHAs KOH-
crpyknuda: Starting = Power = Tm.IN = TRUE. B ST Tak genarts
HeJIb3.)

Henocpencreennbiii mepeBos manHoro ajaroputma B LD FBD npu-
BOAUT K I'POMO3IKNM, HEKPAaCUBBLIM AUarpaMMaM, KOTOPble KOMITUJIK-
PYIOTCS B aHAJOTMYHBIA KOJI.

9.14.2. ITapannejsHOe pellieHNe B BUAE JOTHUYECKUX
Beipaskenuii (FBD, LD, ST, IL)

Hns cosmanuda «mpaBuiabHO» FBD-muarpaMmber HeoOxoguMo odpa-
TUTHCA K IIEPBOUCTOUYHUKY — YCJIOBHUAM 3a7auyll M peayii30BaTh ee 3a-
HOBO, C YUCTOT'O JIUCTA.
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Pasmen o0bABIEHNI BXOJHBIX M BBIXOAHBIX IIEPEMEHHBLIX OIIpeje-
Jasger uHTepdeiic (PpyHKIMOHAIHLHOrO O0JOKA WM HeM3MeHEeH IJd BCexX
peanusanuii. O0bABIeHNE JOKAJbHBIX IMEPEeMEHHBIX TOJMKHO BBITJIS-
IeTh Tak:

VAR
TmRun: TON;
TmBrake: TOF;
END_VAR

Bymem wmcmosb3oBaTh 2 He3aBUCUMBIX Tadimepa: TmRun — gaa
pasroma u TmBrake — gas TopmoskeHus (puc. 9.29).

0001

EQ AND
Direction — Power
Reversal — On —
Braking—?
0002
AND
On — Reversal
Direction —
0003
TmRun
TON AND
Power — IN Q Starting
tStart — PT ET|— Power —
0004
TmBrake
TOF AND
Power — IN Q Braking

tBrake — PT ET—  Power —T

Puc. 9.29. Reversible Engine 8 FBD

IlepBasi memnb OmpefessieT YCJIOBUE BKJOUEHWUS BBIXOJa MUTAHUSA
Power. Iluranue momaHo, eciiu HampaBjeHue He usmensioch (Rever-
sal = Direction), nmpucyrcTByeT curaan BrJioueHusa (On) u TopMmoske-
aue 3akonueno (NOT Braking).
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Bropas menpb mepekJirouaeT BbIXOJ pPeBepca IPU OTKJIIOUEHHOM IIH-
TaHUU. 3a OTKJIIOUYEHNEeM IUTAHUA IPU U3MEeHEeHUU HAaIpPaBJIEHUS CJe-
JUT 1emnb 1.

ITens 3 3amyckaer TaiMmep pasroHa mo (GppoHTy nutauud. Ecau mu-
TaHWe BBLIKJIOUYAETCS, PasTOH OyAeT TaKiKe BBIKJIIOUEH.

IHens 4 3amyckaeT TaiMep TOPMOXKEHUA IO 3agHEMY (DPOHTY (BBI-
KJIoueHW0) mutaHus. daemMeHT AND mpegorspaiiiaeT BO3SMOKHOCTD
BKJIIOUEHUS TOPMO3a IIPU BKJIIOUEHHOM HMUTAHUU.

dakTUUECKN AUarpamMMa JOCJIOBHO BBIIOJHSIET YCJIOBHUS 3aJaul.
MeTku u mepexoabl He IPUMEHAIOTCS, cXeMa MMeeT OUeHb KOMMIAaKT-
HOe TIpeJcTaBJIeHUE.

Hamayio FBD-cxemy Hecao:xkHO mpeobpasoBaTth B LD. [asa Toro
uyT0o0bl LD-cxema 6GbLia 0ojiee IMOXO0iKell Ha HeHCTBUTENHLHO pPeIeiiHyIo
auarpaMmy, JKeJaTeJbHO He HCIO0Jb30BaTh (DYHKIIMOHAJIBHBIN OJIOK
cpaBuenua (puc. 9.30). XoTsa 3TO, KOHEUHO, IPUBEAET K yBeJIuye-
HUIO KOoja.

0001
On Braking  Direction Reversal Power
| | |
I I/1I 1T 11 \ )_
Direction Reversal
0002
On Direction Reversal
| | | (
I 11 \ )_
0003 TmRun
Power TON Power Starting
— ——N  Q
tStart— PT ET
0004 TmBrake
Power TOF Power Braking
— ——N  Q
tBrake<{ PT ETH

Puc. 9.30. Reversible Engine 8 LD

Tax:xe Hecso:kHO mpeobpaszoBaTs FBD-muarpamMvmy B ypaBHEHUS,
3anucaHHble Ha A3biKe ST.

Power := (Direction = Reversal) AND On AND NOT Braking;

Reversal := On AND Direction;

TmRun(IN := Power, PT := tStart);

Starting := NOT TmRun.Q AND Power;

TmBrake(IN := Power, PT := tBrake);

Braking := TmBrake.Q AND NOT Power;
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T'nasa 9. IIpumeps1 IporpaMMIpPOBAHU ST

Ha sasbpixke IL pyHKIIMOHAIBHBIN OJIOK OyJeT BBITVIANETh TaK:

LD

EQ
AND
ANDN
ST

LD
AND
ST

CAL
LD
NOT
AND
ST

CAL
LD
ANDN
ST

Direction
Reversal
On
Braking
Power

On
Direction
Reversal

TmRun(IN := Power, PT := tStart)
TmRun.Q

Power
Starting

TmBrake(IN := Power, PT := tBrake)
TmBrake.Q

Power

Braking

Pesyabprarel TpaHcasanuum (puc. 9.31) moATBepiKIAIOT MTPUBEEH-
HbIe BBIIIIE YTBEP/KACHUSI O TOM, UTO pPadMep KOoJAa He 3aBUCUT OT SI3BI-
Ka peaausaiiuu.

6001 08051
580
560 -
540

570
523 523 523 520
520
500 - 486 486 486
480
460
440
420
T T T
ST IL PBD LD

400

O16x

Puc. 9.31. Pasmep rkoma Reversible Engine B mapasnensHoil peanuzanmu
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9.14.3. ®yHKIUOHAJIBHBIN OJIOK IIPOTUB IIPOTrPaMMBbI

W3 npuBemeHHBIX BBIIIIE AUArpaMM BUAHO, UTO 16-paspAmHBIA KOJ
OKas3bIBaeTcsa KoMOakTHee 8-paspsaaHoro. O0bACHAETCS 3TO 0COOEHHO-
CTAMU KOMIIMJIAINN (PYHKIIMOHAIBHBIX O0JI0KOB. PYHKIMOHAJIbHBIN
0JIOK MOYKET MMETh 9K3eMILIAPHI, T. €. C TOUKHN 3PEHHUs IIPoIleccopa
pasHble TaHHBIE IJIS OJHOTO W TOTO Ke Koma. [Ipu BhI30Be 9K3EMILIAPD
GYHKIIMOHATIBHOTO 6GJIOKA TOJyUYaeT uepe3 CTeK eIWHCTBEHHBINH Imapa-
MeTp — ajpec pasMeIleHns B MaMATU «CBOUX» JAHHBIX. B pesyiabra-
Te KOMIUJIATOP BBIHYKAEH TeHepUpOBaTh KOCBEHHBIE O0pAIlleHUs K
ma"HHBIM. Anpeca obgactu nmepeMeHHBIX B 8051 16-paspsagnbie, UTO U
BBI3BIBAET POCT KOJAa MPHU AUHAMHUYECKOM BBIUMCJICHHUM aIpPeCcoB IIepe-
MEHHBIX.

600 - 523
500 4 486 08051
O16x
400 -
300 + 237 250
200 -
100 -
0 T
FB PROGRAM

Puc. 9.32. Pasmep rkoma Reversible Engine naa ¢pyakmuonaasnoro 61oka u
IIPOrpamMMbI

B CoDeSys mporpaMMbI He MOTYT CO3LaBaTh dK3EMILIADPHI, OJaro-
gaps uyeMy ajpeca MAaHHBIX IIPOTPaMM W3BECTHBI y:Ke B IIPOIlecce
TPAHCASINUYA U IOSBJISETCS BO3MOKHOCTH OTKAa3aThCs OT KOCBEHHOM
agpecanmuu. B pesynbrare mpeobpasoBaHue (PYHKIIMOHAJIHLHOTO OJIOKA
B IIpOrpaMMy [JaeT [OOCTATOYHO CYIIECTBEHHYIO 9YKOHOMMIO KOZa
(puc. 9.32).
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