ITPOTPAMMMUPOBAHMUE IIVIK B CoDeSys



A.B. JlockyToB, A.A. JlockyTOoB, /I.B. 3p1puH

IIporpammupoBanue IIJIK B CoDeSys.



COILEP/KAHUE

BBEIIEHUE. ... .o e,
1. OBIIIME CBEJEHM A O ITIPOTPAMMUWPOBAHUUA TJIK...............
1.1. Ctpykrypaum coctaB [IJIK. ...,
1.2. Uarerpamms IDIK B ACYTIL. ..o,
1.3. Texaomorus OPC ... e e e e e
1.4. OcHoBHbIe TpuHOUMEI cTaHaapTa MOK 61131-3........................
1.5. KOMIIEKC CODEBSYS... ... cii ittt et et e e e e e e e e e e
1.6. CtpykTypa mpoeKTa B CODESYS.......ccoiee it e e e e,
1.6.1. KomnoneHThI opranm3anuu nporpamm (POU)........................
1.6.2. THIIBI TAHHBIX . . . e ettt ee et et e e e e e e et e e e e e e e,
1.6.3. TIEPEMEHHBIC. . . .ot etteee et e e e e et e e eeeee e enaaeeeaas
1.6.4. Ctpykrypa nporpammuoro odecnieuenust [UIK.....................
1.7. S13p1k MOK 61131-3. ... e,
1.7.1. JuarpaMMbI SFC ... ... e e e e e e
1.7.2. Criucok MHCTPYKIMI L ... ... oot e et e
1.7.3. CTpYKTYPUPOBAHHBIN TEKCT ST....coiiiiiiiee e e e e e e e,
1.7.4. Penetiable quarpaMMbl LD...........occo i,
1.7.5. ®ynkunoHanbHbIe Auarpammel FBD...................

2.  HOAT'OTOBUTEJIIbHASI  PABOTA U1 BbBIIIOJIHEHHUE
[TPOTPAMMUNPOBAHUA TUIK B CODESYS..........cooeo i,

3. Ilpakmuueckan paboma Ne 1. PEAJIMZALUA PABOTHI
PEBEPCHUBHOI'O ITYCKATEJIE HA KOHTPOJUJIEPE PLC 150.1-M

3.1. KpaTKkue TCOPETUUECKUE CBEICHMS . . ..uuvveeeennnnnnreeeeannnnnneeeennnnsn
TR C T2 1 €21 ¢ 1 (O
3.3. Bomonnenue padotel B mporpamme CodeSys..........cccev v vvevv e e
3.3.1. Cozmanue mporpamMmsbl Ha si3bIke LD..............oooi
3.3.2. Co3anue mMPOTrPaAMMBI ABUKECHHS . ... uveennreennrennneeanneennnennn.

3.3.3. CO3IAHUE BUBYATMBAIM . . . . e eeeeeeennneeeennneeennneeeennneeennnnenn

4. Ilpakmuueckaa paooma Ne 2. PEAJINZALIUA PABOTHI ABP HA
KOHTPOJIJIEPE PLC 150.1-M (CODESYS) ... et e e e et e

36

37
37
39
40
43
47
59

65



4.1. KpaTKue TEOPETUUECKHUE CBEHACHMM . .« uuvenneenntenneeenneeenneennnennns 65

ZIC T D1 21 < 1 (< 67
4.3. Bemonnenue padoTsl B mporpamme CodeSys................... : 68
5. Ilpakmuueckan paboma Ne 3. PEAHI/BAL[I/I}I PABOTHI AYP HA
810 83
5.1. KpaTKne TEOPETHICCKUEC CBEIICHMS . . ...\ uuveenereereeenneennneannneannns 83
S JVZNIG T2 i €21 1 (U 87
5.3. Bomonaenne padbotsl B mporpamme CodeSys... e 87

6. Ilpaxmuueckan pavoma Ne 4. PEAJIN3ALINS ABTOMATHUYECKOI'O
BKJIIOYEHUSI VYCTPOMCTB KOMIIEHCAIIMM PEAKTHMBHOM

MOITHOCTH. ... e e, 93
6.1. KpaTKne TEOPETUUCCKNE CBEMCHMM. ...\ uuveenreeenreeenneennreannneannns 93
(TRC - i €2 1 (P 94
6.3. Bomonaenne padbotel B mporpamme CodeSys........occocevcevvvvevveeveee. 95

KOHTPOJIBHBIE BOTITPOCHBI. ..ot 99

BUBJIMOTPAGUYUECKUM CTIMCOK. ..o, 100



OITPEAEJIEHUS, OBO3HAYEHUA U COKPALIEHUA

IJIK — TPOTPaMMHUPYEMBIN JIOTUYECKUN KOHTPOJIIED

LT — LEHTPAIBHBIN MPOLIECCOP

AITY — apu(PpMETHIECKO-TOTHIECKOE YCTPONUCTBO

13y — TOCTOSHHOE 3alIOMHUHAIOIIEE YCTPOHUCTBO

o3y — OIIEPAaTHUBHOE 3alIOMUHAIOLIEE YCTPOUCTBO

ABP — aBTOMAaTHUYECKHUM BBOJ pe3€pBa

AYP — aBTOMAaTHUYECKas 4acTOTHAs pa3rpy3Ka

AIIB — aBTOMAaTUYECKOE OBTOPHOE BKIIOYEHUE

YAIIB — 4acToTHOE aBTOMATHYECKOE IMTOBTOPHOE BKIIOUCHUE
Kb — KOHJIEHCAaTOpHas OaTtapest

KPM — KOMIIEHCAIUSl PEAKTUBHOM MOIIIHOCTH

Ieneoit  aitn  (Target file) — wHabop (ailyioB, TMOCTABISAEMBIX

npousBoautesieM [IJIK u onmchiBaronmyx anmaparHble W MPOTrPaMMHBIC
ocobenHoctu koHkperHoro IIJIK, mo3Bossier cpene pa3paOOTKU KOPPEKTHO
B3anMoaeiicTBoBarh ¢ [1JIK

PLC — programmable logic controller

CodeSys — Controller Development System

SCADA — Supervisory Control And Data Acquisition
DDE — Dynamic Data Exchange

OPC — OLE (Object Linking and Embedding) for Process Control
POU — Program Organization Unit

IL — Instruction List

ST — Structured Text

SFC — Sequential Function Chart

FBD — Function Block Diagram

LD — Ladder Diagram

CFC — Continuous Function Chart



BBEJAEHUE

Kpynuenmme mmnepsr IDJIK mpemnmararor ceromHss O4eHb MOIIHBIE
KOMIUJIEKCBI 10  NPOrPaMMHPOBAHUIO €  moaaepkkou  MOK-3bIKOB.
KoHblOKTypa pblHKa TNpEAbABISIET HOBbIE TpPeOOBaHWS K HHKEHEpaM-
anekTpukaM. HeoOXonuMbl 3HaHHSI MUKPOMPOIIECCOPHBIX CUCTEM YIPaBICHUS
Y yMEHUE IPOrpaMMHUPOBAHUS.

[Ipomecc  pa3pa®oOTkM W  OTJIAAKH MPOTPAMMHOTO  OOECIeYeHUS
IPOUCXOAUT TPU TOMOIIM CHEIUATU3UPOBAHHBIX KOMILJIEKCOB MPOrpamm,
obecrieunBaromux KOMGOPTHYIO cpexy A padoTel mporpammucta. OgHON u3
Takux cpen mnporpammupoBanus sBisercs CoDeSys 2.3, moszBomstomias
COCTaBIIATh MPOTpaMMbl B BHUAEC (PYHKIIMOHAIBHBIX OJIOKOB, peEJIeHHO-
KOHTaKTHOM CXEMBbI, CTPYKTYPUPOBAHHOT'O TEKCTa U Jp.

B yuebHOM mocobun (IpakTUKyMe) U3JI0KEHBI KPaTKUE TEOPETUUECKUE
CBEJICHUS, TIOPSJIOK BBIMIOJIHEHHUS MPAKTUUECKUX padoT, 3aJaHus Ha
BBINIOJIHEHHE PaldOT, TpeOOBaHMS K COAEP)KAHUIO OT4eTa. PaccmaTpuBaroTcs
OCHOBHBIE BONPOCHI MPOTPAMMHUPOBAHUS KOHTPOJIJIEPOB Ha SI3bIKAX CTAHAAPTA
MOK 61131-3 B cpene CoDeSys B cucremax »3JIeKTPOCHAOXEHUS IpHU
HOPMAJIBHBIX M aBapUIHBIX PEeXKUMaX PYHKIMOHUPOBAHMUSI.

B xozie BbIMONHEHUS MNPAKTUYECKUX pabOT, OMUCAHHBIX B Yy4yeOHOM
0oCOOUH, CTYAEHThI MPUOOPETAIOT MPAKTUUYECKUE HABBIKM MPOrPAaMMHUPOBAHUS
KoHTposuiepoB B cpene CoDeSys st  aBTOMaTHYEeCKOTO  YIPaBJICHUS
TEXHOJIOTHYECKUMH MPOILIECCAMU B CHUCTEMaX 3JIEKTPOCHAOKEHUS, 3aKPETUISIIOT
MPOMACHHBIN JEKITMOHHBIN MaTepuall o padore u GyHkiuonupobanuto ITJIK u
CXEM aBTOMAaTHU3ALMK CUCTEM JIEKTPOCHAOKEHUS.



1. OBIIUE CBEAEHUA O ITIPOTPAMMUPOBAHHUU IVIK
1.1. Crpykrypa u cocras IIJIK

[IpunoOperenue MIPaKTUYECKUX HaBBIKOB IpOrpaMMHUpPOBAHUS
KOHTpoiuiepoB B cpene CoDeSys nns  aBTOMaTW4ecKoro — yIpaBieHUS
TEXHOJIOTHYECKUMU MPOIIECCAMU B CHCTEMAX JIEKTPOCHA0KEHUS. 3aKpeIIeHUe
MpoWIeHHOro Marepuayna mo pabdore u QynkiuonupoBanuto [IJIK u cxem
aBTOMAaTH3alMU CUCTEM BJIEKTPOCHAOKEHHSL.

IIporpammupyembiii  jgorudeckuid kourposiep (IIJIK) - 210
IPOTPAMMHO  YIIPABJISIEMBIM AUCKPETHBIM aBTOMAT, WMEIOIIMKA HEKOTOpPOE
MHOXXECTBO BXOJIOB, TMOJKJIIOYCHHBIX TOCPEJICTBOM JIaTYUKOB K OOBEKTY
YIPABJICHUS, U MHOXECTBO BBIXOJOB, MOJKJIIOYEHHBIX K HCHOJHUTEIBHBIM
ycTpoiictBaM. OH KOHTPOJUPYET COCTOSIHUE BXOJOB U BbIpabaThIBaeT
ONpEJICJICHHbIE TOCIEA0BATEILHOCTA NPOrPAMMHO 33JIaHHBIX  JICUCTBU,
OTPaXarUUXCAd B U3BMEHEHUHU BBIXOAOB [1].

B 3aBucuMocTu OT pemaeMoi 3ajJaud MPOMBIIIJIEHHBIE KOHTPOJUIEPHI
MOTYT IIPUMEHATBCS HA TpaHCOOpTe, JUIsl  YIPABICHHUS  KIMMAaTOoM,
DJIIEKTPOJBUIATEIAMM, IIPM aBTOMAaTU3allMM TEXHOJIOTMYECKUX IPOLECCOB,
IIO3BOJISIIOT HU3MEPATh U PEryJMpOBaTh TEMIIEPATypy, BIIAXKHOCTb, IABJICHUE,
TOK, HaIlpsDKEHUE, BpeMs U T.1.
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Puc. 1.1. Crpykrypnas cxema IIJIK



Puc. 1.2. BHemnuii Buj KOHTpoJLIepa:
a — OBEH IIJIK 150; 6 — OBEH I1JIK 160

KonTtposnep COJICP)KUT HEHTPAJIbHBIN poIIeCccop (LLLD).
BrraucauTenpHBIA TIpOIlecC MpoIlleccopa OpPraHW30BaH MEXKAY BXOJTHBIMHU
JAHHBIMH BHEIIHUX YCTPOMCTB (WM MCHOJHUTEIBHBIX MEXaHH3MOB) U
BBIXOJHBIMH  JTaHHBIMA ~HWCIIOJIHUTEIIbHBIX CHUTHAJIBHBIX W YIPABJISIONIAX
YCTPOMCTB.

BHemHne ycTpolcTBa: KHONKH, JAaT4MKH, YCTPOMCTBA JUCKPETHOTO
CUTHaNa W Ap., UCIOIHUTEIbHBIE U CUTHAJIbHBIE YCTPOMCTBA — CUTHAJIbHbBIC
UHJUKATOPBI, KATYLIKHU YIIPaBICHUS.

LlentpanpHblii mpoiieccop o00beAUHSET B cede  apudpMeTuyeckoe
JIOTUYECKOE YCTPOUCTBO, OJIOK YIPABIICHUS U CIICIIMAIbHBIE YCTPOUCTBA.

ApudmMernueckoe Joruueckoe ycrpoiictBo (AJIY) - 610k nporeccopa,
KOTOpPBIA TMOJ yopaBieHueM ycrpoiictBa ymnpasieHus (YY) CIyxuT s
BBITIOJIHEHUST apU(PMETUUYECKUX U JIOTMYECKUX MpeoOpa3oBaHUM (HAYMHASL OT
AJIEMEHTAPHBIX ) HaJl TaHHBIMH.

Brmonnser AJIY ceMb onepanuid:

e CJOXKEHHUE OalT,;

® JIOTWYECKHE Olepanuu (1, WiK, WK JOTHYECKOE CPAaBHEHUE €CIIN);
® HHKPUMEHT (YBEJIMUECHHUE HA €IUHHUILY);

e (expuMeHT (yMEHBIIIEHUE HA €MHUILY);

e unBepcus (¢ 1 va 0 u Ha060OPOT);

® CJIBUT BJICBO U BIIPABO;

® JIECSATUYHAS] KOPPEKITHSI.

Baok ynpaBiieHMsi oOTBeUaeT 3a BBI30B KOMaHJ U3 TaMATH U
ofnpeieNieHue UX THTA.

CnenuajbHble YCTPOMCTBA — YCTPOMCTBA, MOMAJIEPKUBAIOIINE paboTy
MPOIIECCOpa, — PETUCTPHI, CYSTUUKH KOMaH/I, K3II aMATh U JIp.



Bce KOMITOHEHTHI KOHTpOJUIepa COeTUHEHbI IMMHAMU. DU3NYECKH IITHHBI
MIPEACTABISAIOT cO00M HAOOP MapaieIbHO CBSI3AHHBIX MPOBOJIOB, IO KOTOPHIM
nepelaloTcs aapeca, JaHHble U curHaibl ynpasieHus. [Iuna nansasix (LLIJT)
MIPOM3BOJUT CUYHTHIBAaHUE JAHHBIX cO BXoja. lllmHa maHHBIX TOMIEpP)KUBAET
muHa aapecoB (IIIA) u mmua ynpasnenus (IITY). [lluna agpecoB gaeT TOYHBIN
ajapec OTKyJa B3ATb M Kyda MOJoxuTh uHpopmauuioo, LY mnepemaercs
YIPaBISIOMINNA CUTHAIL.

HIJT (mHBI JaHHBIX )

Tepm 1 TEepM 2
Puc. 1.3. Iluns!

Hocrosinnoe  3amomuHawmee  ycrpoucrso  (II3Y)  aBusercs
IPOrpaMMONOIIEPKUBAIOIIUM YCTPOMUCTBOM.

B oneparuBHoM 3annomuHawinem ycrpoucrse (O3Y) xpaHsaTcs T1aHHbIE
O COCTOSIHUM Ha BXOJaX.

Bxoanbeie MOAyIu ciry:kat Jyisl IpUEMa CUTHaJIa OT BXOJHBIX JIOTUYECKHUX
AJIEMEHTOB. ODTO MOTYT OBITh KHOIKH YIpaBJ€HUS, TyMOJEpbl, KOHEUHBIE
BBIKJIIOUATENM, JATYMKHA, KOHTAKThl MCIOJHUTEIBHBIX pelie, YCTPOWCTBa
JTUCKPETHOI'O CUTHAJIA.

Brixoanble Moaynu npeoOpaszyroT nomaydeHHyto uHdopmanuo ot LII u
YIPAaBISAIOT  WCIOJHUTEIBHBIMA  YCTPOMCTBAaMU. ITO  MOTYT  OBITh
IPOMEKYTOUHBIE pEJIe, YCWIMTENH, ITyCKaTeNd, CUTHAJIbHBIE WHIUKATOPBI,
KAaTyLIKH yopasiaeHus, OM U T.1I.

CymiecTByeT HECKOJBKO THUIIOB BBIXOJHBIX Monylei: Ha 8 wuimu 24
BbIXOZa. Y KaXJIOro MOJIYJsi CBOSI KOMMYTHPYIOIIAs CHOCOOHOCTh U CBOE
HaIIpaBJIECHUE B 3aBHCHUMOCTH OT HCIIOJHEHUS Ha TPaH3UCTOPAax, CUMHUCTOpax,
TUPUCTOPAX WA 3JIEKTPOMArHUTHOM peiie. MHAuKanus cOCTOSHUSA BBIXOJA
BBIIIOJIHSIETCS. C IIOMOIIBIO CBETOJIMOJAOB IO KaXJOMY BBIXOJHOMY KaHaily. B
HEKOTOPBIX UCHOJIB3YIOTCS COBMEILIEHHBIE MOAYJIN BXOJIOB U BBIXOJIOB.

[leHTpanpHBII TpoLIECCOP ONpPENEsEeT IPAKTUYECKH BCE OCHOBHBIC
napameTpsl KoHTposuiepa. I[Ipomeccop BBIONHSAET ONEPALMU CUUTHIBAHUS M
00pabOTKU KOMaH I, CAEANUT 3a MOPSIKOM BBITOJIHEHHUS IPOrPaMMBbl, YIIPABIISIET
IpolLEecCcaMy CUUTHIBAHUSI U 3allMCU NaMSTH, pachpeneisieT MHPOpMaluio B
BBIXOAHBIE MOJYJIU. OJEMEHTOM Mpoleccopa SBISIIOTCS OJHOOUTOBBIC
(paboTaroT ¢ OIHUM BUJIOM UH(POPMAIIMU) U MHOTOOUTOBBIE Oy(hephl MaMATH.



Pabouwnit ki1 1r000r0 mpolieccopa COCTOUT U3 TPEX ITAroB:

1)  3arpy3ka B HaMsTh COCTOSHHS CIIPAIIMBAEMBbIX BXOIHBIX MOJIYJICH;

2)  mociemoBarelbHas 00pabOTKa COCTOSHHM B COOTBETCTBUU C
MPOrpaMMON M 3aITOMHUHAHKE MPOMEKYTOUHBIX PE3YJIbTATOB;

3) mepenaua pe3yNbTaTOB BHIYMCICHUH B BHIXOIHBIC MOIYIIH.

PaGora mporpaMMupyeMOro KOHTPOJII IIPOMCXOIUT ITUKIMYCCKH C
MTOBTOPEHUEM PabOUHX IMKJIOB 0€3 JIOMOHUTEIILHBIX YCIIOBUH 3aITyCKa.

-

BxoaHbie Moy I
BbIxoqHbIe MOAY/II

Puc. 1.4. Pa6ounii muxu LTI

DJIEMEHTbl TaMSTH OMNPEICISIOT BO3MOXXHOCTH M XapaKTEPUCTUKHU
KOHTpOJIIEpA.

JIBa BUA MaMSTH:

1) cmyxeOHas - s XpaHCHHS INPOrPaMMbl W YIIpaBJICHUS pPaOOTOM
KOHTpoJIIepa (HeIOCTYIHA JJIsl TOJIb30BaTEs );

2) pabodas - I XpaHSHUS IPOorpamMM B HH(GOPMAITUH TT0Ih30BaTEIIs.

[To MecTy HaXOXKACHUS TAMSTH

1) Buyrpennsss [I13Y- ROM - mns oOecriedyeHuss aBTOHOMHOW pPaOOTHI
IJIK;

2) BaemHAs O3Y- RAM - g obGecrniedeHus OTJIAKU IPOrpaMM, a TaKKe
UX XpaHEHUSI.

CymiecTBYIOT KOHTPOJUIEpHI ¢ TpeMs Buaamu 113V

1) mporpammupyemsbie npu u3rotosjacHuu (o6o3Hauvarot [13Y wm ROM);

2) ¢ OJHOKpPATHBIM MPOTPaAaMMHPOBAHHEM, MO3BOJISIONIMM ITOJIb30BATEIIO
OJIHOKPATHO U3MEHHUTh COCTOSTHUE MATPHUIIbl MaMSTH JIEKTPUUECKUM MYTEM 10
3ajaHHol iporpamme (o6o3Havatot II13Y wim PROM);

3) mepernporpaMMupyemMbie (pernporpaMMHUpPyEMbIe) C BO3MOXHOCTBIO
MHOTOKPAaTHOT'O AIEKTPUIECKOTO nepenporpaMmMUupOBaHus, C
ynbTpaduoneroBbiM  (o6o3Hayator  PII3YY® wumu EPROM)  wmm
snekTpoMarHuTHBEIM (0003HavaroT PII3YDC wmm EEPROM, uan E2PROM)
ctupanueM uHpopmanuu. g obecrieueHrss BO3MOXKHOCTH OOBEIUHEHUS IO
BBIXOJly TpHU HapamuBaHuu mnamsatu Bce [I3Y wumeroT BBIXOABI C Tpems
COCTOSIHUSIMU WJIM OTKPBITHIE KOJJIEKTOPHBIE BHIXOJIBL.
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1.2. Aurerpanus IIVIK B ACYTII

KouTposiepsl TpaauiimoHHO paboTaloT B HIDKHEM 3BEHE aBTOMa-
TU3UPOBAHHBIX CHUCTEM ympaBieHus npennpusituem (ACY) — cucrewm,
HEIOCPECTBEHHO CBSI3aHHBIX C TEXHOJIOTUEH IPOM3BO/JICTBA.
[Iporpammupyembie JIOTUYECKUE KOHTPOJUIEPHI OOBIYHO SIBJISIFOTCS TEPBBIM
marom mnpu noctpoeHuu cucteM ACY. D10 OOBSICHSIETCS TeM, 4YTO
HEOOXOMMOCTh aBTOMATH3AIMK OTACIBHOIO MEXaHW3Ma WJIM YCTaHOBKHU
Bcerma HambOosee odeBuaHa. OHa JaeT OBICTPBIA AKOHOMHYECKHN A(deKT,
yIAy4dIIaeT KadyecTBO MPOU3BOACTBA, MO3BOJSET U30€XKaTh (PUINUESCKU TSHKEIOM
U pYTUHHOUM paboTbl. KOHTposiepsl Mo ONMpeAeNeHUuI0 CO3[JaHbl UMEHHO IS
TaKko palboTHI.

Jlaieko He Bcerma ynaercs co3/aTh IOJTHOCTBIO aBTOMATUYECKYIO
cucteMy. Yacto «oOllee pyKOBOJICTBO» CO CTOPOHBI KBATU(PHUIIMPOBAHHOTO
YeJioBeKa-aucneTdepa — Heooxoaumo. B oTiandne oT aBTOMAaTUYeCKUX CHUCTEM
yIpaBlIEHUsI TaKHE€ CHUCTEMbl HAa3bIBAIOT aBTOMaTu3upoBaHHbIMU. Eme 10 - 15
JeT Haz3aj IUCIETYEPCKHU MyJbT YMPaBICHUS MPEACTABISLT CO00M Tabio c
MHO)XECTBOM KHOINOK U CBETOBBIX HWHIUKATOpOB. B Hacrosimiee Bpems
NOJ00HBIE MYyJIbThl MPUMEHSIOTCS TOJIBKO B OYEHb MPOCTHIX CiydasiX, Korja
MOXHO OOONTHUCh HECKOJBKMMHM KHONKaMU W HHAMKaTopamu. B 0Oonee
«CEpPbE3HBIX» CUCTEMAX MPUMEHSIOTCS IEPCOHAIBHBIE KOMITBIOTEPHI.

[TosiBUIICST 1EBIA KJIACC MPOTPAMMHOTO OOECTIECUEHUs, PEeaTU3yIOLIEro
uHtepdeiic denoBek—Mammuaa (HMI). Dto cucremsr cOopa JaHHBIX H
OIlepaTUBHOIO JaucreTdepckoro ymparienus (Supervisory Control And Data
Acquision System — SCADA). Cospemennbie SCADA-cHCTEMBI BBITTOHSIOTCS C
00s13aTEIbHBIM NPUMEHEHUEM CpPEJICTB MyJbTuMeaua. [loMUMO 3KHUBOTO
OTOOpaXKeHUsl Ipolecca MPOU3BOJICTBA, XOPOLIME AUCIETYEPCKUE CHUCTEMBI
MO3BOJISIIOT HAKAIJIMBAaTh TMOJNYYCHHBIC JAHHBIE, MPOBOJAT KX XpAHCHHUE WU
aHalIM3, ONPENEISIIOT KPUTHUECKUE CUTYallud W TPOU3BOJAT OINOBEIICHHE
IepcoHajga MO KaHajllaM TeJIe(POHHOM M pPaJMOCETH, MO3BOJIAIOT CO3/1aBATh
CIICHapuH ynpaBlieHUs (Kak mpasuio, Visual Basic), hopMupyroT gaHHbIC IS
aHaIM3a 5KOHOMUYECKUX XapaKTEPUCTUK MPOU3BOCTBA.

Paznenenne mnpoumssoxncrea IDIK, cpeactB mnporpamMMupoBaHus U
IUCIETUYEPCKUX CHUCTEM IPUBENIO K MOSBICHUIO CTAHJAPTHBIX IMPOTOKOJIOB
oOMeHa naHHbIMU. Haunbonpliyro M3BEeCTHOCTh moiyuyuna TexHosnorus OPC
(OLE for Process Control), 6a3upyromascs na mexaumzme DCOM Microsoft
Windows. Mexanusm auHamuyeckoro ooMmena manueiMu (DDE) npumensieTcs
MOKa elIe JIOCTaTOYHO IIMPOKO, HECMOTPS Ha TO YTO TPEeOOBaHUSM CHUCTEM
peaNbHOr0 BPEMEHU HE YAOBIETBOPSIET.

Bce 310 «MHOTrOATaXXHOE» 00BSICHEHUE MPU3BAHO MOAUYEPKHYTH €111 OJHO
HemanoBaxxkHoe npeumymiectso [IJIK — cpencrBa cuCTEMHOW MHTErpanvu
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ABJIAIOTCS. COCTaBHOM 4YacThl0 0a30BOro MpoOrpaMMHOro obOecreyeHus
coBpemennoro ITJIK (puc. 1.5). Hampumep, Obu1 pa3paboTaH M OTJIaXKCH
ABTOHOMHBIM TMPOEKT Ha KOHTPOJUIEPE NPH MOMOILIM CHUCTEMBI IMOJArOTOBKU
nporpamm CoDeSys. Jlanee nopabaTteiBaTh mporpammy, uToObl cBsizath [1JIK c
CUCTEMOW JUMCHETYEPCKOrO yIpaBlieHUs, 0a30i naHHbIX uian MHTepHer-
cepBepoM He Tpebyercs. B xommexc nporpammupoBanus [1JIK Bxogur OPC-
cepep. OH momywaer goctyn K gaHHbiM [UJIK Takxke mnpo3padHo, Kak u
ornaguuk. JloctatrouHo obecneunths KaHan nepepaund aanHeix [JIK — OPC-
cepBep. OOBIYHO TaKOW KaHAT yxke cymiecTByeT. OH OB MCIOJIB30BaH TPH
ornagke. Bcesg nanpHeimas pabota CBOAUTCS K ONPEICICHUIO CIHCKa
JOCTYIHBIX TIEPEMEHHBIX, TPABUIHLHON HACTPONKE CETH, KOH(PUTYPHUPOBAHUIO
OPC-cepBepa u SCADA-cuctembl. Onepanuisi O4eHb HAIOMUHAET HACTPOUKY
OOILIETOCTYIHBIX YCTPOMCTB JIOKAIBHOM CETH MEPCOHATBLHOIO KOMITbIOTEPA.
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Y OTIIAJKU
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-

Pabouee mecto Cnyx661 ACY
onepatopa ACY BEPXHET0 YPOBHSI

Cepaep
naaueix OPC

Puc. 1.5. Cesa3b cpeasl nporpammuposanus ¢ IIVIK

YacTo BO3HHKAKOILIEH 3a/1ader sABisieTcsl nHTerpauns Heckosbkux [UJIK ¢
[ETBbI0 CUHXPOHU3AIMU MX PalOThl. 37€Ch MOSBISIOTCS CETH, 00Jamaroiiue
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psigom cnemuduyeckux TpeOoBaHuM. ITO TpeOOBaHUS, aHAJOTUYHBIC
tpeboBanusiM Kk [1JIK: pexum peanbHOro BpeMeHU; HAJEKHOCTh B YCIOBHUAX
MIPOMBILIJIEHHON CpPeJbl; PEMOHTONPUTOJHOCTD; MPOCTOTA TPOrPaMMHUPOBAHUA.
Takoii kmacc cereil moaydus HasBanue mnpombinuieHHbIX cereir (fieldbus).
CymectByeT Macca GUPMEHHBIX pead3aliii U IOCTATOYHO MHOTO CTaH/IapTOB
takux cereit (Bitbus, Modbus, Profibus, CANopen, DeviceNet), o3BoJISIONINX
MHTETPUPOBATH alllapaTypy Pa3IMYHbIX (PUPM, HO HM OAWUH M3 HUX HEJb3s
MPU3HATH TOMUHUPYIOLIUM.

brnaromaps mpoIyKTHBHOMY pAa3BUTHIO CPEJICTB CETEBOM HHTErpaluu
NOSIBUJIACh BO3MOYKHOCTh CO3/IaHMS PACTIPENCICHHBIX CUCTEM YIpaBliieHus. B
80-e roger XX B. somuaMpoBanu [1JIK ¢ unciom BX010B-BBIX0/I0B B HECKOIBKO
coredH. B Hacrosmee Bpemst OoibIIMM CIpocoM NoJib3ytoTcss MHUKpOILJIK ¢
KOJINYECTBOM BXOJIOB-BBIXOZOB 10 64. B pacnpeneneHHbIX CUCTeMax KaxKIbIi
IJIK pemaer noOKaJbHYHO 3aaady. 3ajada CHHXPOHW3AUWHA YIPABICHHS
BBITIOJIHAETCS KommbroTepamu cpeaHero 3BeHa ACY. PacnpeneneHHbie
CUCTEMbI BBIUTPHIBAIOT MO HAJAEKHOCTH, THOKOCTHM MOHTaXa M MPOCTOTE
obcyxxuBanus [1].

1.3. Texnosaorua OPC

OPC (OLE for Process Control) — mnpoMBIIICHHBI CTaHIAPT,
CO3JJaHHBI ~ KOHCOPLIMYMOM  BCEMHPHO  M3BECTHBIX  IPOU3BOJUTENECH
o0opyI0BaHMS U TIporpamMmmHoro obecrieueHus npu ydactum Microsoft. Dror
CTaHJApT OINHCHIBACT HMHTEpPeiic 0oOMEHa ITaHHBIMU MEXKIY YCTPONCTBAMHU
yIpaBICHUS TEXHOJOTUYECKUMHU mporeccamu. [aBHOM 1enbio  ObLIO
IpEeJOCTaBICHUE pa3padOTUYMKaM CHUCTEM JUCIHETYEpHU3allMd  HEKOTOpPOU
HE3aBUCHUMOCTU OT KOHKpEeTHOro tuna KoHtposuiepoB. OPC ocHOBbIBaeTcs Ha
texHosiorun OLE/COM/DCOM kommanuu Microsoft.

Cranmapt OPC paspabarbiBajcsi C LENbIO COKpallleHHus 3aTpar Ha
CO3/IaHUE U COIMPOBOXKJICHHUE MPHUIIOKEHUM MPOMBIILJIEHHON aBToMaTu3anuu. B
Havase 1990 r. y pazpabotunkoB mpombiisieHHOro 10 Bo3HUKIIa TOTPEOHOCTD
B YHHMBEPCAJIbHOM HHCTPYMEHTE OOMEHa JaHHBIMH C YCTPONCTBAMM Pa3HbIX
MIPOU3BOJUTENICH WM IO Pa3HBIM MPOTOKOJIAM OOMEHa JTAHHBIMHU.

Cytp OPC — mpenoctaBuTh pa3paboTuMKaM MPOMBIILIIEHHBIX TPOrpaMm
YHUBEpCAJIbHBIN (PUKCUpPOBAaHHBIN HHTEpdeiic (To ecTh Ha0op (yHKIUIN)
oOMeHa JaHHBIMM C JIIOOBIMH YCTpoilcTBaMu. B To ke Bpems pa3paboTyukKu
YCTPOUCTB MPEIOCTABIISAIOT MPOTPAMMY, PEATU3YIOITYIO 3TOT UHTEPPEIiC.

B cocrae SCADA — cucreM BXOAUT OIpEACICHHOEC MHOXKECTBO
IpOrpaMM-KJIMEHTOB, KOTOPbIM HEOOXOUMO TOJIy4aTh JAHHBIC OT Pa3JIMUHbBIX
UCTOYHUKOB — KOHTPOJUIEPOB, TIUIAT PpACHIMPEHUS, HWHTEIICKTyaIbHBIX
JATYMKOB — TIOCPEJCTBOM JpaiBEpPOB, HAMHMCAHHBIX pa3pabOoTUYUKaAMU
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obopynoBanusi (puc. 1.6). Ho mpu 3TOM BO3HHKAIOT CIEAYIOIIUE MPOOIEMEL,
KOTOpbIE MOCTY WK npuunHamu coznanust OPC:

. KaXJas nporpaMMa JIACTIETYEPU3ALNU TOJKHA UMETh panuBeEp IS
KOHKPETHOI'0 YCTPOMCTBA BBOJIa-BBIBOJA;
. BO3HUKAIOT  KOHQJMKTBI ~ MEXKIy  JpaliBepamMu  Pa3IUYHbBIX

Pa3pabOTUYNKOB, YTO MIPUBOJANUT K TOMY, UTO KAaKUE-TO PEKUMBI UJIU MMapaMETPhI
paboThl 000PYIOBAHUS HE MTOAACPKUBAIOTCS BceMU pa3zpadotunkamu [10;

. Monudukauu  000pyIAOBaHHS MOTYT TPUBECTH K IOTEpe
(YHKIIMOHAILHOCTH JIpaiiBepa;
. KOH(MJIUKTBI TpU OOpalllEHUU K YCTPOWCTBY — pa3jIUYHbIC

MpOrpaMMbl JUCIIETYEPU3AMM HE MOTLYT MOJYYUTh JOCTYIl K OJHOMY
YCTPOUCTBY OAHOBPEMEHHO HM3-32 UCIIOIb30BAHUS PA3JIUYHBIX JAPaliBEPOB.

Moacucrema Moacucrema Moacucrema
orobDpaxeHns apXUBaLMM panopros

Dpaisep Dpaisep Dpassep IpasBep
BBOJa-BbIBOJa BBOJa-BbiBOJa BBOJa-BbIBOAa BBOJa-BbIBOAa

Puc. 1.6. Ilpumep cxembl paboThbl MHOKECTBA Pa3JIMYHBIX IpaiiBepoB

[TpousBoauTenu 00OpPYIOBaHMS CTaparOTCAd PELIUTh 3Ty MpodieMy ¢
MOMOIIIbIO Pa3pabOTKU JOMOJIHUTENBHBIX JpaiiBepoB. OAHAKO ATH TOMBITKU
BCTpPEYAIOT CUJIbHOE COTPOTHUBJICHUE pa3pabOTUHKOB CUCTEM
JTUCIIETYEpU3allUd, KOTOphIE JIOJDKHBI B OJTOM CIIydae YCJIOXHATh CBOU
KJIMEHTCKUE TTPOTOKOJIBI.

OPC mnpoBOAUT HYETKYH0  pasrpaHUYUTENbHYIO JIMHUIO  MEXKIY
MPOU3BOJUTESIMIA  O0OpPYIOBaHUST W paszpadoTuukaMu JpaiiBepoB. JlaHHas
TEXHOJIOTHSl TPEJOCTABISIET MEXaHU3M cOopa MaHHBIX U3 Pa3IUYHBIX
HMCTOYHUKOB M TIepefady OTUX JaHHBIX JIO00M KIMEHTCKOW Mporpamme,
HE3aBUCHUMO OT THIIA UCIIOJIb3YEMOT0 000PYI0BaAHUS.
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Moacucrema Moacucrema Moacucrema
orobDpaxeHua APXMBALMM panopros

Dpaisep Dpasnsep Dpasisep Dpaisep
BBOJa-BbIBOAa BBOJa-BbIBOAa BBOAa-BbIBOAa BBOJa-BbIBOAa

Puc. 1.7. Ilpumep cxembl pemieHusi Ha 6aze OPC

Cranmapt OPC 0bu1 pa3paboran 1y 00ecIeueHns TOCTyIma KIMSHTCKON
IporpaMMbl K HIDKHEMY YPOBHIO TEXHOJOTMYECKOTO Ipoliecca B Hambosee
ynoonoit ¢opme. Illmpokoe pacmpoctpanenne TexHojgormn OPC B
IPOMBIIIJIEHHOCTA UMEET CJICIYIOIIHNE MPEUMYIIECTBa:

. HE3aBUCHMOCTh B TPUMEHEHUM CHUCTEM JUCIEeTYEpU3alUN  OT
MCIIOJIb3YEMOTO B KOHKPETHOM MPOEKTE 000PYI0BAHUS;

. paszpabotunku [1O He MOMKHBI MOCTOSIHHO MOAU(PHUIIMPOBATH CBOU
IPOIYKTHI U3-3a MOJAU(UKAIIUYA 000PYIOBaHUS WIIA BBITyCKa HOBBIX M3/ICIUH;

. 3aKa3uuK TOJIydaeT CBOOOAY BBIOOpa MEXIy IOCTAaBIIUKAMHU
0o0Opy/OBaHMs, a TaKXe WMEET BO3MOXHOCTb HWHTEIPUPOBATH  ATO
o0opyoBaHre B MH()OPMAITMOHHYIO CHCTEMY MPEANPHUATHS, KOTOpask MOXKET
OXBaThIBaTh BCIO CUCTEMY IMPOU3BOCTBA U YIIPABJICHUS.

Cranmapt oomena manabiMu OPC Oasupyercs Ha pacmpocTpaHEHHOMN
obomenpunaTorn cxeme Kiment-CepBep. DJTa apxXuTeKkTypa IO3BOJISICT
TIOJIKJTFOUYUTh MHOKECTBO KJIMEHTOB K OJHOMY cepBepy. I HaoOopoT, naHHBIN
CTaHJApT TI03BOJISIET WCIOJB30BaTh OJHOMY KIHEHTY pasnuunbele OPC-
CEpBEpHI.

SCADA-tiporpammbl ~ nucnierdepusanuu — siBisitorcst  OPC-knuentamu,
MOJIy4arOIMMHU JIaHHbIE TeXHoJIornueckoro npoiecca u3 OPC-cepsepos. OPC-
CEpBEpPHl OMUPAIOTCS HAa KOMMYHUKAIIMOHHBIM TPOTOKOJI TPEICTaBICHHOTO
obopynoBanus. Coenunenue ¢ OPC-cepBepamu npoucxoauT Ju00 JIOKAJIbHO B
mpejenax OJHOTO KOMIbloTepa, JHOO Yepe3 CeTh, YTO pacuIupsieT
BO3MOXXKHOCTH B IIOCTPOCHHUHU TOIOJOTHM cOopa maHHBIX mpu momoiru OPC-
cepsepos (puc. 1.7).
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Hekoropeie SCADA sBIsIOTCS BEPTUKAIbHO-UHTEIPUPOBAHHBIMU, B UX
COCTaB  BXOJAIT  CHUCTEMBl  MPOrPaMMHUPOBAHHMS  JJii  CBOOOJHO-
MPOrpaMMHPYEMBIX KOHTPOJJIEPOB. B HHUX Takke HCIONB3YIOTCS BHYTPEHHHE
npaiiBepsl s cBsi3u ¢ KoHTposuiepoMm. Takme SCADA mo3BomsIOT c0O3/1aTh
MPOTrPAMMHO-TEXHUUYECKUE KOMILUIEKCHl C HCIOJIb30BaHHEM 000pYAO0BaHUS
PAa3HBIX MTPOU3BOIUTEIICH.

1.4. OcHoBHbIe npuHIMILI cTanaapra MIOK 61131-3

MDBOK 61131-3 — MexayHapOoIHbId CTaHAAPT, OMUCHIBAIOIIMMN S3bIKU
MPOTPAMMUPOBAHUS IJI POTPAMMHUPYEMBIX JIOTUYECKUX KOHTPOJIIEPOB.

Crangapt Mo3BOJISIET pa3pa0OTUMKy HE 3aBUCETh OT MPOU3BOAMUTENS
CHUCTEMbI MPOTPAaMMHPOBAHUS U OMNPEICISCT MPUHIUIIBI MTPOTPAMMHUPOBAHUS
TJIK:

®  [ISTh PA3JIMYHBIX S3BIKOB MPOrPAMMHUPOBAHUS;

®  THUIIBI IPOTPAMMHBIX KOMIOHEHTOB (POU): pyHKIIMHU, IPOrpaMMBbl U
(yHKIMOHAJIbHBIE OJOKH;

e  MpaBuja OOBSBJICHUS U TUIHI IEPEMEHHBIX.

CranpapTHbI€ SI3bIKA TPOTPAMMHUPOBAHUSA

o IL (Instruction List) — TEKCTOBBIN SI3bIK — alllapaTHO-HE3aBUCUMBII
HU3KOYPOBHEBBIM acCeMOIEPONO00HBIN SI3bIK;

o FBD (Function Block Diagram) — rpaduieckuii s3bIK.
OynakimoHa bHbIN 010K (PB) BeIpakaer Hekyro noanporpammy. Kaxnpiii @b
uMeeT Bxoabl (ciaeBa) W BeIXOAbl (cmpaBa). IIporpamma  cozmaércs
ccoequHeHueM MHoKecTBa Ob;

o LD (Ladder Diagram) — rtpaduyecKuil sI3bIK — MporpamMMHas
peanu3aius AIEKTPUUECKUX CXEM Ha 0a3e ANEKTPOMAarHUTHBIX perie;

o ST (Structured Text) — TEKCTOBBIA — TMACKaJEMOMOOHBIA S3bIK
IPOrPaMMUPOBAHUS;

o SFC  (Sequential  Function Chart) —  rtpaduueckuit
BBICOKOYPOBHEBBIN $I3bIK, CO3/IaHHBIA Ha 0a3e MareMaTHYecKOro arrmapara
cereil Ilerpu. OmnuceiBaeT MOCIENOBATEIIBHOCTh COCTOSHHM M YCJIOBUU
IEPEXO0B.

NuxeHep, COpOEKTUPOBABIIMK MAIMHY, JOKEH UMETHh BO3MOXHOCTH
CaMOCTOATEJIbHO HAMUCaTh MpOrpaMmy yIpaBieHus. HUKTO mydiie ero He
3HAaeT, Kak JO/bKHAa paboTarh JaHHas MamuHa. HWHXeHep, TPUBBIKIINN
paboTaTh C DJIEKTPOHHBIMU CXEMaMH, TOpa3/io Jierde CMOKET BbIpakaTh CBOU
Mpicad B LD wiam FBD. Ecimm on 3HakoMm c¢ s3eikamu PASCAL wim C, 1O
UCIIOJIH30BaHUE sI3bIKa ST HE COCTaBUT YISl HETO CIOKHOCTH.
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1.5. Kommiekc CoDeSys

CoDeSys - 5TO COBPEMEHHBIA HWHCTPYMEHT [JIsi MPOrpPaMMHUPOBAHMS
koHTposuiepoB (CoDeSys obpasyetcs ot cinoB Controllers Development System)
Ha si3bIkax cranaapra MOK 61131-3 [1,2].

Hcnonbs3yemble pemakTopbl W OTIAJAOYHBIE CpeAcTBa Oa3upyroTcs Ha
IIAPOKO M3BECTHBIX M XOpOIIO ce0s 3apEeKOMEHJIOBABIIMX IPUHIIMUIAX,
3HAKOMBIX TI0  JPYTUM  TONYISIPHBIM  cpedamM  MpodeCCHOHAILHOTO
nporpamMmupoBaHust (Hanpumep, Visual C++).

Jlnst npuBsizku k koHKpeTtHoMy [IJIK TpeOyercsa aganTanus, Kacaromasics
HU3KOYPOBHEBBIX PECYpCOB paclpeeieHue MaMaTH, HHTEpPEHC CBSI3U U
IparBEPbI BBOAA-BBIBOJIA.

Cpenu 0COOEHHOCTEHN KOMILIEKCAa MOXHO OTMETUTD CJICAYIOIIIEE:

e [mpsMas TeHeparus MamuHHOTO Koja. I'eneparop koma CoDeSys -
ATO KJIACCHMYECKUH KOMIWISTOP, YTO OOECHEYMBAET OYEHb BBICOKOE
OBICTPO/ICHCTBUE TPOTPaMM TOJI30BATENS,

e monHOUEHHas peanu3zanus MOK-S3bIKOB, B HEKOTOPBIX CIydasix
JaXke pacllvpeHHas;

®  «pa3yMHBIE» PEHAKTOPHI S3BIKOB MOCTPOEHBI TAKUM OOpa3OM, YTO
HE MO3BOJISIIOT J€NaTh TUNHWYHBIE s HaumHaromux MOK nporpammuctos
OIIIMOKY,

®  BCTPOEHHBIM JMYJATOP KOHTPOJUIEpA TO3BOJIIET MPOBOJUTH
OTJIAJIKy MpoeKTa ©0e3 amnmaparHbIX CpEICTB. OMYJIUPYETCd HE HEKui
a0CTpakTHBIM KoOHTposuiep, a KoHkpeTHbd IIJIK ¢ yduerom anmapaTHoi
wiatgopMbl. [Ipy TOIKIIOYEHWH peaabHOro KoHTposuiepa (pexxkum online)
OTJIaTYMK PadOTAET aHAIIOTMYHBIM 00pa30M;

®  BCTPOEHHBIE DJIIEMEHTHI BU3YAIN3AIMU JA0T BO3MOXKHOCTh CO3/1aTh
MOJIeJIb 00BbEKTA YIIPaBJICHUS U MTPOBOJUTDH OTIAAKY MPOEKTa 0€3 U3rOTOBICHUS
cpeacts umutanuu. CyliecTByeT «omnepamnuonHas» Bepcus CoDeSys. Oto
KOMITAKTHOE MPHUJIOKEHUE, BHIMOIHAIOIIEE TOJIBKO BU3yaln3alinuio, 0e3 CpeIcTB
pa3paboTku. Bo MHOTHUX MPOCTHIX ClydasiX HET HEOOXOAUMOCTH MPUOOpETaTh
ornenbHo SCADA-cucremy. Cepsepbl nanubix (DDE u OPC) Takke BXOAAT B
CTaH/IAPTHBIN MMAKET MTOCTABKH;

®  OUYCHb IIUPOKUN HAOOP CEPBUCHBIX (QYHKIIMI, YCKOPSIONUX padboTy
nporpammucra [1];

ba3oBelii cocraB komruiekca nporpammuposanusa [IJIK cocrout u3 aByx
o0si3aTeNbHBIX  YacTed: CHUCTeMbl MCIOJHEHUs u  pabodero  Mecra
nporpammucra. Cucrema HCHOMHEHUS (DYHKIIMOHMPYET Ha KOHTPOJUIEpE W,
KpPOME€  HENOCPEIACTBEHHO  WCIOJNHEHUS  YIPABISIIOMIEH  IPOTPAMMOM,
o0ecrieurBaeT 3arpy3kKy Kojaa TMPHUKIATHON MporpaMMbl M OTJIAJIOYHBIE
¢byukiuu. CBsi3b  MEXKAY CHCTEMOW UCIOJMHEHHS W pabounM MECTOM
OpraHu3oBaHa uepe3 craHjaaptHbie uHTepdericel (RS 232, RS 422, RS48)5).
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[Tocpenqaukom Mexay cpemoit paspabotku u I[LUJIK ciayxur mumo3 cBsa3u
(gateway). 111103 CBSI3U B3aUMOJICHCTBYET ¢ MHTCTPUPOBAHHON CpEION depes3
Windows coker-coeuHeHne, MOCTPOCHHOE Ha ocHOBe mporokona 1CP/IP.
Takoe coeauHeHWe  OOeCHeUMBACT  CIMHOOOpPA3HOE  B3aMMOJICHCTBHE
IPUJIOKEHUH, pabOTAIOIMX HA OJHOM KOMIIBIOTEPE WK B ceTH (puc. 1.8).

Pabouee mMecTo nporpammMucTa ITUIK
o3 A4
CBS3U
- =
WnrerpupoBanHas cpena Cucrema UCIOJTHEHUS

Puc. 1.8. CBs3b cpennl nporpammupoBanus ¢ IIJIK

CoDeSys O/IJIeP )KUBaET CJIeIYIOIINE TEKCTOBBIC SI3BIKA
IIPOTPaMMHUPOBAHUS
e Instruction List (IL);
e  Structured Text (ST).
e u rpadpuueckue MOK s3b1ku:
e Sequential Function Chart (SFC);
e Function Block Diagram (FBD);

e Ladder Diagram (LD).

Kpowme Toro, CoDeSys BxiirogaeT moyiep>kKKy OCHOBAHHOT'O Ha (PYHKIIMOHAIBHBIX
0JIOKOBBIX auarpammax, peaakropa Continuous Function Chart (CFC).

1.6. Ctpykrypa npoexrta B CoDeSys

IIpoekT comepxuT psa pazHOPOAHBIX 00bekTOB POU, naHHBIX pa3HBIX
THUIIOB, DJIEMEHTOB BU3yan3anuu u pecypcos (puc. 1.9) [3].

IIpoexTt
POU Tunsl Buzyanmu- Pecypcbi
JaHHBIX 3auus
JlokajibHbIE N Bxoabl u
—>»| (BHyTpeHHHE) BbIXO/IbI
nepeMeHHbIE
bubauorexu
IIporpammsel, Tos
L] dynx. 610Km, N 100anbHbIE
dymKcmm nepeMeHHbIE

Puc. 1.9. Crpykrypa npoekra B CoDeSys
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1.6.1. Komnonenmot opzanuzayuu npocpamm (POU)

POU (Program Organization Unit) — KOMIOHEHTHI OpraHH3aIUH
mporpamMm, o0pa3yrooInue Koa MpUKIaaHoro mporpammuoro ooecneuenus [JIK.
NMeHHO Ha ypOBHE KOMITOHEHTOB JIOCTYITHO COBMEIIECHUE PA3IMIHBIX SI3BIKOB
MOK. Kaxnplii KOMOOHEHT MPOrpaMMbl UMEET COOCTBEHHOE HAMMEHOBAHUE,
ompeielIeHHBIN HHTepdEiic 1 onrcanue Ha ogHOM 3 MOK-s13bIKO0B.

KoMmoHeHTBI opraHu3aiiiy mporpaMM SBJISIOTCS 0a30BBIMHU dJIEMEHTAMU,
U3 KOTOPBIX CTPOUTCS KOJA MpPOeKTa. AHAJOTHYHBIM 00pa3oM 3JICKTPOHHBIC
YCTPOMCTBA COCTAaBJISIIOTCSI OOBIUHO U3 Mojayieil. Kaxapiii KOMITIOHEHT
IporpaMMBbl IMEET COOCTBEHHOE HAaMMEHOBAHUE, OMpeae/ICHHbIN HHTEpdeic n
onucanre Ha oxHOM u3 MOK-a3bikoB. OIMH KOMIIOHEHT MOYKET BbBI3BATh
npyrue. BeizoB camoro ce0s (pekypcus) B ctangapre MOK He paspenieHa.
KoMmOuHMpOBaTh pa3iuyHbIe SI3BIKA B OJHOM IMPOCKTE MOXKHO TMPH ONMHCAHUHU
Pa3IMYHBIX KOMIIOHEHTOB, HO OT/ICJIbHBIN KOMITOHEHT IIEJIMKOM peau3yeTcs Ha
omaoM si3pike MOK. Tlpu BBI30BEe KOMIIOHEHTA SI3BIK €70 PeaTn3allid 3HAYCHUSI
HE UMeeT.

K kxomMnonentam opranuzanuu nporpamm B MOK-crangapre oTHOCATCS:
GyHkuuu, pyHKIMOHAJIBbHBIE 0JIOKH W NporpamMmmsbl. Bce oHM BO MHOromM
MOXO0H, HO UMEIOT ONpeJIeIEHHbIE OCOOEHHOCTH U Pa3JIMYHOE HA3HAYEHUE.

OpHoil U3 3amay, pelaeMblX KOMIIOHEHTaMH, SIBJIACTCS JIOKAJIU3aLUs
UMEH TEPEMEHHBIX. DTO O3HA4YaeT, YTO B PA3IUYHBIX KOMIIOHEHTaX MOXKHO
UCIIOJIb30BaTh TMOBTOpsIOIIMEcs uMeHa. Tak, JO0MMYyI0 TIEPEMEHHYIO C
OpUTHMHAJBLHBIM UJAECHTU(DUKATOPOM X MOXKHO HCIOIb30BaTh B KAXKIOM
KOMITIOHEHTE, U BCSAKUI pa3 3T0 OyaeT HoBas nepemeHHas. O01acTh BUAUMOCTH
JIOKAJIbHBIX MEPEMEHHBIX OMPEEISIETCS paMKaMHi OJTHOIO KOMIIOHEHTA.

Peanuzanmu mo6oro POU Bcerma momkeH NpeAlIecTBOBATH pas3iedt
o0bsBJeHnii. O0bsaBIeHU QYHKINH, QYHKIIMOHAIBHOTO 0J0Ka U IPOTPaMMBbl
HAYNHAIOTCS COOTBETCTBEHHO C KITFOUEBBIX CJIOB FUNCTION,
FUNCTION_BLOCK u PROGRAM. 3a Hum cienyet uneHTudurarop (ums
komnoHeHTa). Jlanee onpenensercs uarepdeiic POU.,

K untepdeiicy komnonenta otnocsarcs Bxoasl VAR INPUT, BeIxob1
VAR _OUTPUT wu mnepemennsie Ttumna Bxoa-Beixon VAR _IN_OUT.
3aBepIaroT paszzen o0bSIBISHNM JTOKaIbHBIC iepeMeHHbie VAR.

B  o¢yaxkumsax  pasmenst VAR _OUTPUT wu VAR _IN__OUT
OTCYTCTBYIOT. BbIxomoM «GyHKIMHM CIY>KUT €IUHCTBEHHAs TIEepEMEHHas,
COBMajaromass ¢ wuMeHeM (QyHKIMU. Tul  BO3BpallaeMoro 3HAYCHUS
YKa3bIBAETCSA MPHU OMPEICTICHUN UACHTU(DUKATOpPA Yepe3 JBOCTOUHE.

Hanpumep: FUNCTION iNearby INT

Crpykrypa paznena oobsBienuit POU nmoka3ana B Tadm. 1.1.
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CtpykTypa pa3aena odobsaBaenuii POU

Taoauna 1.1

Tun POU OyHKIUA q)yHKHgfI);IEHBHHH [Iporpamma
FUNCTION mvs: THIT FUNCTION__BLOCK PROGRAM
UMt UM
VAR _INPUT VAR _INPUT VAR _INPUT
Wurepdeiic — VAR OUTPUT VAR OUTPUT
— VAR IN OUT VAR IN OUT
JlokanbHbIE VAR VAR VAR
TIePEMEHHBIE
@yHKUMA — OSTO MPOTPAMMHBIM  KOMIIOHEHT, OTOOpaXKarouuit

MHO)XECTBO 3HAUCHHMM BXOJHBIX IapaMeTpOB Ha BbIXOA. DYyHKIHWS Bceraa
BO3BpAILIAE€T TOJBKO OAHO 3HaueHue. [Ipu oObsABIeHUN QYHKIMH YKa3bIBAECTCS
THIT BO3BpAIIaeMOTo 3HAYCHUS, UM (DYHKIIMHM W CITMCOK BXOJHBIX IMapaMeTPOB.
Bb3oB (hyHKIIMM TTPOM3BOIUTCS MO UMEHHU C yKa3aHHWEM 3HAYCHUN BXOIHBIX
napamMeTpoB. @DyHKIHMS MOXET HCIOJB30BaTbCSd B MaTEeMaTHYCCKHUX
BBIPAXKEHUSIX HAPAY C ONEPATOPAMU U MIEPEMEHHBIMH.

Tun dbyHKIMU (TUN BO3BpAIla€MOr0 3HAYEHUS) MOXKET OBITh JIFOOBIM U3
Yyycia CTaHJAPTHBIX TUIOB JAHHBIX WM THUIIOB CO3JAHHBIX MOJIb30BATEJIEM.
Teno ¢dynkmuu moxker ObITh ommcano Ha s3eikax IL, ST, LD wm FBD.
Ucnonws3zoBare SFC Henb3s. M3 QyHKIIMHM MOXKHO BBI3BIBaTH OMOJIMOTEUHBIS
GyHKIMY U Ipyrre PYHKIIUU TEKYIIETO MPOCKTA.

@O YHKIUOHAJBbHBIN 0JIOK — MPOrpaMMHBIA KOMIIOHEHT, OTOOpaKaroIIni
MHO)XECTBO 3HAYEHUI BXOJHBIX IMAPaMETPOB HA MHOXKECTBO BBIXOJIHBIX. [locie
BBITIOJIHEHUST JK3eMIUIsIpa (PYHKIHMOHAIBHOTO OJIOKa BCE €ro IepeMEHHbIE
COXPaHSIOTCS 110 CJIEIYIOILETO BBITIOJIHCHMUSI. CrnenoBartenbHO,
(GyHKIIMOHAJBHBINA OJIOK, BBI3BIBAEMBI C OJHMUMH M TEMHU K€ BXOJHBIMU
napamMeTpamMu, MOXXET TNPOU3BOAUTH PA3JIMYHBIC BBIXOJHBIC 3HAYCHHUSI.
CoxpansitoTcst Bce IepeMeHHbIE, BKIII0Uas BXOJHbBIE U BBIXOJHBIC. TaK, €Clii Mbl
BBI30BEM DJK3eMIUISIp (PYHKIIMOHAJIBHOTO OJIOKa, HE OMNpeAesiss 3HaueHUs
HEKOTOPBIX  BXOJHBIX TapaMeTpoB, OH OyJeT HCIOJIb30BaTh paHee
YCTAaHOBJICHHBIC 3HAueHUs. BO3MOXHOCTH 3aJlaHdsl TIEPEMEHHOTO YHClia
BXOJIHBIX 3HAYEHUU 3aJI0’K€HA IO OMNPENENICHUI0 M He TpeOyeT Kakux-inbdo
JOTIOTHUTENBHBIX yCUIUi. W3BHE MOCTYMHBI TOJBKO BXOABl U BBIXOBI
(GyHKIIMOHAIBHOTO OJIOKa, TOJYYUTh JOCTYIl K BHYTPEHHUM IEPEMEHHBIM
0JIOKa HEJb3sl.

C mno3uruit 00bEKTHO-OpUEHTUPOBaHHOTO mporpammupoBanus (OOIT)
(GyHKIIMOHANIbHBIE OJOKM — 3TO OOBEKTHI, BEIMKOJCITHO PEATU3YIOIINE
WHKAICYJSINI0, T. €. COKpBITHE neranei peanuzanuu. OObeIuHEHHWE KOAa U
JAHHBIX POJHHT (PyHKIIMOHAJIBHEIE 010KH ¢ Kitaccamu OOII.

IIporpamma — ri00adbHBIM TPOTPAMMHBIN 3JEMEHT, OTOOpaKaroIUn
MHOXECTBO 3HAYEHUW BXOJHBIX I[1apaMETPOB HA MHOXKECTBO BBIXOJHBIX.
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[Iporpamma oueHb moxoxa Ha (PYHKIHOHAIBbHBIN 0510K. M3 Bcex mporpaMMHBIX
koMnoHeHToB MOK-nporpamma camblii KpynHbeid. [Ipy momomm mnporpamm
ONpENENsACTCA BEPXHUU YPOBEHb IIPOCKTA M PEATU3YETCS YIPABICHHE
MHOI'033Ja4HOCThI0. [IporpaMmMbl SIBJISIIOTCS TIIOOATILHBIMA KOMITOHEHTAMU U
OOBSBIISIOTCS Ha YPOBHE PECYPCOB.

[Ipu co3panuu nporpammel nepBbiii POU nomeniaeTcsi B HOBBIM MPOEKT
aBromarnuecku W mnoiy4daeT Ha3Banue PLC_PRG. Nmenno c¢ Hero u
HAYMHACTCS BBIMOJIHEHKUE Mpoliecca (1o aHaloruu ¢ QyHKImed main B s3bIke
(), U3 Hero OyayT BBI3BIBATHCS JAPYrue MPOrpaMMHBIE OJOKH (MPOTrpamMmbl,
(YHKIIMOHATBHBIC OJIOKU U (DYHKIIUHN).

1.6.2. Tunwt oannvix

[IporpaMMupyemblii JTOTUYECKUH KOHTPOJJIEP CHOCOOeH paldoTarh ¢
Pa3IUYHBIMU THUMAMH JIaHHBIX, KOTOPBIE ONPENCISIIOT pon HHOpMaIuHy,
JMara30H MPEACTABIICHUS U MHOXXECTBO JIOMYCTUMBIX onepaiiuii. THUITBI JaHHBIX
MOK pa3aensrorcs Ha AIEMEHTAPHBIE U MTOJIb30BATEIIbCKUE.

DneMeHTapHbIE THUITHI JAHHBIX

1. IlesiouMC/IeHHBIE TEPeMEeHHbIe OTJIMYAIOTCS Pa3InYHbIM JUAa30HOM
COXPAHSEMbIX JAHHBIX U, ECTECTBEHHO, Pa3JIMYHbIMU TPEOOBAHUSAMHU K MMAMSITH.
[TonpoOHO aHHBIE XapaKTEPUCTUKHU MTPEICTaBIEHbI B Ta0m. 1.2.

Taoauuna 1.2
IlesounciaeHHbIEe THNBI JAHHBIX
Tun Huwxruid Bepxuuii Pazmep, GaliTh
penen pene

BYTE 8 out 1
WORD 16 Our 2
DWORD 32 Oura 4
LWORD 64 Oura 8
SINT -128 127 1
INT -32768 32767 2
DINT _231 231_1 1
LINT _263 263_1 g
USINT 0 255 1
UINT 0 65535 2
UDINT 0 271 4
ULINT 0 2" 8

2. Jlornyeckue nepeMeHHble OObSBISIOTCS KitodeBbIM ciioBoM BOOL.
DTO O3Ha4YaeT MX MPUHAJICKHOCTh K anredpe bynas. OHu MoryT mpuHHMATh
TOJIbKO 3HaueHue joruueckoro Hyns («0») FALSE (JIOXKbD) wiu norudeckoi
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equuunbl  («1») TRUE (MCTHUHA). Ilpm HayanbHOM HMHUIMAIMA3AIUNA
norudeckoe 3Hadenue no ymonuanuto — JIOXKb.
3. Ilepemennblie neicrBuTebHOr0o tuma (REAL) mnpeacraBisitor

JIICUCTBUTEIILHBIC YHCIIa B JUAa30HE ilOﬂS. N3 32 Out, 3aHUMaeMBIX YHCIIOM,
MaHTucca 3aHuMaeT 23 Outa. ToYHOCTH MpeAcTaBieHUs NPUOTU3UTEIHLHO
COCTaBIIsIeT 6 - 7 IECATUIHBIX ITUPP.

4. BpemMsl CyTOK UM JaTa TUIIBI IEPEMEHHBIX, BBIPAKAIOMINE BPEMS JTHS
WJIU 1Ty, PEJCTABISAIOTCS B cOOoTBETCTBUU C [1SO 8601.

Ta6aunna 1.3
IlepemeHHBbIe BpeMeHU CYTOK M AaThl
Tun KopoTkoe o0o3HaueHue HavaneHoe 3HaueHue
DATE D 1 suBaps 1970 .
TIME OF DAY TOD 00:00
DATE AND TIME DT 00:00 1 staBapst 1970 .

5. NurepBan Bpemenu - nepemeHHble tuna TIME. B ommmuume or
BpemeHu cytok (TIME OF DAY) BpeMeHHOM UWHTEpBaJl HE OrpaHUYCH
MaKCUMaJIbHbIM 3HauyeHueM B 24 yaca. Ywucna, BhIpaxaroliue BpPEMEHHOMN
WHTEPBAJI, TOKHBI HaUMHATHCS ¢ KioueBoro cioBa TIME# (B cokpaieHHOU
dbopme T#).

6. Tun crpokoBbix mepeMeHHbIX (STRING) omnpenenser nepeMeHHbIE,
colepKallie TeKCTOBYyr0 uHpopMmanuio. PasMmep CTpoku 3amaerca mpu
OOBSIBIICHUMU.

[Tonb30BaTeNbCKUE TUIIBI TAHHBIX

1. MaccuBBbI NPEJICTABIAIOT COOOM MHOXKECTBO OJHOTHITHBIX 3JI€MEHTOB
C TMPOU3BOJBHBIM JOCTYNOM. MaccuBbl MOTYT OBITh MHOTOMEPHBIMH.
Pa3zmMepHOCTH MaccuBa 1 JUana3oHbl HHACKCOB 3aJIal0TCs IPU OObSIBICHUH.

<Uwms maccuBa>:ARRAY

[<lil>..<hil><li2>..<hi2><1i3>..<hi3> OF <mun snemenma>;
rae lil, li2, i3 ykaswiBatoT HmkHHE npenenbl uHaekcos; hil, hi2 u hi3 -
BepxHUE Tmpenenbl. WMHAEKCH JOMKHBI OBITh I1IE€J0T0 THIMA U TOJIBKO
noJIokKuTeIbHbIE. OTpHUIIaTeNbHbIE MHACKCHI UCIIOJIb30BATh HEJIb3SI.

2. CTpyKTYypBI NpeIHa3HAUYCHbI ISl CO3/IaHUSI HOBBIX THIIOB JIaHHBIX Ha
OCHOBE 3JIEMEHTOB pa3HbIX 0a30BbIX TUIMOB. C MEPEMEHHOW THUIA CTPYKTypa
MOXXHO 0O0paiarbCsi Kak ¢ €IWHBIM JJIEMEHTOM, IepefaBarh B KadeCTBE
napaMeTpa, Co3/1aBaTh yKa3aTeyu, KOUPOBATh U T. .

OObsiBJICHHE CTPYKTYpPhl JODKHO HAYMHATHCS C KIFOYEBOTO CIIOBA
STRUCT u 3akanunBarbcst END_STRUCT.
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3. IlepeuncieHne O3BOJISIET OIIPENEIUTH HECKOJIBKO MTOCIIEI0BATEIbHBIX
3HAYCHUN NIEPEMEHHONU U IPUCBOUTH UM HAUMEHOBAHUS.

Taxke CymeCTBYIOT THIIBI NIEPEMEHHBIX C OTPAHUYECHHBIM JHANA30HOM
3HAYEHUU, IICEBJOHUMBI THUIIOB H JIp.

1.6.3. Ilepemennuie

Cpenu ssiemenToB MOK-SI3bIKOB €CTh IepeMeHHbIE.

Kaxnas mnepeMeHHass 00s3aTelbHO HMMEET HAMMEHOBAaHUE M  THIL
CylIHOCTh NEPEMEHHOW MOXKET OBbITh Pa3IMYHOM: NPEICTaBISATh BXOJ WJIU
BbIxoA [1JIK, naHHBIE B OIEpaTUBHOM MJIM SHEPTOHE3ABUCUMOMN NAMSTH.

[lepeMeHHbIE TPUHATO PaA3AEiATh Ha IJIOOANbHBIE M JIOKAJbHBIE IO
001acTH BUJUMOCTH.

I100a/IbHBIEC TEPEeMEHHBbIE ONPEIEIIAIOTCS HA YPOBHE PECYPCOB ITPOEKTA
(VAR_GLOBAL) u pgocTtymHbl Uisi BCE€X MPOrPAaMMHBIX KOMIIOHEHTOB
IIPOEKTA.

JlokaJibHbIe MepeMeHHbIe ONMUCHIBAIOTCS NPU OOBABICHUM KOMIIOHEHTA
Y JOCTYIHBI TOJIBKO BHYTPH HETO.

Onucanue 1000ro NPOrpaMMHOIO KOMIIOHEHTA COJEPIKUT, KAK MUHUMYM,
OOWH pa3fen OObSBICHUS JOKaJIbHBIX IepeMeHHbIX VAR, nepemMeHHbIX
untepdeiica VAR INPUT, VAR OUTPUT, VAR IN OUT wu BHewmHux
rnoOanbHbIX nepeMeHHbIx VAR _EXTERNAL.

1.6.4. Cmpyxmypa npozpammnozo ooecneuenusn IVIK

Cpenu CpeiCTB, pCAIM3YIONIMX BBITOJHEHUE IPOTPAMM, MOXKHO
BBIJICIMTH 33]1a41, PECYPChI, KOHPHUTYPAITHUIO.

HasHadyeHue 3ama4 COCTOMT B YIIPaBJICHUU pabOTOM MPOrpaMM IPOCKTa,
UCTIOJHICMBIX OJHHMM IporeccopoM. Kak W mporpamma, Kaxjas 3ajgada
JODKHa HMETh COOCTBEHHBIM  YHHKAIBHBIM  WACHTUUKATOp. 3ajadu
HOJIPA3ICIIIOTCS Ha IUKIMYecKre U pa3oBbie (Single). BeimonHenue pa3oBoi
3a/auM  3alycKaeTcs 10 (DPOHTY JIOTMYECKOW TPHUITEPHOW TEPEMEHHOM.
HukJanyeckue 3a4a4M BBITOJIHSAIOTCS Yepe3 3aJaHHbIC MHTECPBAJIbI BPEMEHHU.
Kaxxnast 3aiada MOXKET BKJIIOYATh BBI3OB OJHOW WJIM HECKOJIBKHX IPOTPaMM.
Ecim mporpamma wumeer Bxomnble mapameTpbl (VAR __INPUT), To onwm
3aJIal0TCS B ONMCAHMH 3a/1auu. Bce mporpaMMbl OTHOM 3a/1auM BBITOJHSIOTCS B
oaHoM pabouem mukie [TJIK.

Onpenenenne 3aia4d B cucteMax nporpammupoBanusi MOK BeinosHseTcst
O-pa3HOMY. OTO MOXKET OBITh TEKCTOBOC OINHCAHWE WM Tpapuieckoe
npeacrasieHue. CoDeSYS conepXut crnenuaibHblii HHCTPYMEHT — MEHEKEp
3amad (Task configuration), npeacTaBiasiouii 3a1a4i U UX IPOrPAMMEI B BUJIC
UEPaPXUUYCCKOro JepeBa.
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C Ttouku 3peHust crangapra MOK pecypec — 3T0 oauH mpoleccop,
CHAOXEHHBIM COOCTBEHHOM CHCTEMOH HCHOOJHEHUs. 1O €eCcTh OIHa WA
HECKOJIBKO 3a7au 3arpyxaercsi B pecypc u wucnoiusercs um. B CoDeSys
MIPUMEHSIETCS] IOHSITUE TPOEKT - BCE MPUKIIAJHOE IPOrpaMMHOE 00€CIIeUeHHUE,
MpeAocTaBIsoniee paboTy KOHKPETHOro mpuiiokeHus. CIoBO ke «pecypchh»
ynoTpeoiseTcss BO MHOXXECTBEHHOM YHMCJIE W OMNpeessieT Ha0op ammapaTHO
3aBUCHUMBIX JE€TAIE mnOpoekTa. TO €eCTh NPOEKT BKIKYACT allapaTHO
HE3aBHUCHUMBIC peann3annu nporpamMm ((pyHkImu, GQyHKIHOHATILHBIEC OJIOKH B BX
JIOKaJIbHBIE JAHHBIE) U TPEOYIOLINE HACTPONKHU PECYPCHI.

Pecypcel conepxar:

o OTIpEJICJICHNE TJI00ATBHBIX U MPAMO aJAPECyEeMbIX MEPEMEHHBIX;

o koHuryparuio [UIK;

o YCTAaHOBKH 1I€JI€BOM CUCTEMBI UCIIOIHEHUS (TUIT MUKPOMpOLEccopa,
pacrpezesneHne mamsTi, IopsAI0K OalT B CJIOBE, MapaMeTPhl CETH U T. [1.);

o MEHEKEp 3aau.

Croza ke BKJIIOYAIOTCS U JIONOJIHUTENbHbIE (DUPMEHHbIE WHCTPYMEHTHI,
3aBHUCSIINE OT OCOOCHHOCTEN peann3aiii KOHKPETHONW CUCTEMbI UCTIOTHEHUSI.

Kondurypauust - 3T0 MHOXKECTBO PECYpCOB, B3aWMOJACHCTBYIOIINX
onpeaeieHHbIM 00pa3oM (CKOH(MUTYpUpPOBaHHBIX). B OMHON cucTeMe MOXKET
OBITh HECKOJIBLKO MHTEJIEKTYaJIbHbBIX PECYPCOB, KaXblii U3 KOTOPHIX 00J1aaeT
COOCTBEHHBIM TMPOLECCOPOM, MaMAThIO U CUCTEMOM HcnofHeHus. Kaxapiii u3
HUX MOXHO NPOrpaMMUpoOBaTb. ITO MOTYT OBITh pealbHbIE MOIYIH
(BO3MOXXKHO, YAAJICHHBIC) WJIA BUPTyaJIbHBIE MAalllMHBI, dMYJIUPYEMbIe OJHUM
npoieccopoM. Bce oHM UMEIOT JOCTYI K OMNpENESIEHHBIM HabopaM BXOJI0B-
BBIXOJIOB M KOOPJIUHUPYIOT CBOIO pabOTy MOCPEACTBOM TJI00ABHBIX
NEPEMEHHBIX, PACIIOJIOKEHHBIX B 00IIETOCTYITHON MaMsITH.

1.7. SI3pikm MOK 61131-3
1.7.1. luazpammor SFC

B cranmapre MOK 61131-3 muarpammer SFC (Sequential Function Chart)
CTOSIT BBIIIE M0 OTHOIICHUIO K OCTAJIbHBIM YEThIPEM si3bIKaM. [IpoToTumnom s
pa3pabotku SFC nociyxwuna cerb [Terpu [10].

Cerp Kapna Apnama Iletpu Obiia mnpemiokeHa B 1962 r. kak
OpUTUHANBLHBIN MeToA (OpPMalIbHOTO OMHUCAHUS JUCKPETHBIX cucrteM. OH
OMUPAETCS Ha pa3elICHUe CUCTEMbl WM OTIIEIbHBIX €€ YacTel Ha MHOXKECTBO
npocThix mo3uiinii. Ilo3unus onuchIBaCT COCTOSIHUE YACTH CHUCTEMBbI, PUYEM
COCTOSIHUE TIOHMMAETCsl 3/IeCh JOCTaTOYHO THUOKO — 3TO MOXET OBITh
COCTOSIHME 00OpyaIoBaHMsl, Tpoliecca win Tporpammel. Ilepexoabl Mexmy
MO3ULIUSIMU ~ TIPOMCXOJSAT TPU  BBIMOJHEHWU  OMPEJCICHHBIX  YCIOBHH.
I'padmueckn mo3uius oToOpaxkaercs B Bujae OKpyxkHoctd (puc. 1.10).
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[lepexomam  COOTBETCTBYIOT  OTPE3KH, COCAMHEHHBIE C  TO3HIIUSIMHU
HaIpaBJIeHHbIMU Ayramu. Kaxxias mo3uims criocobHa o6iiajaTb MapKepoM U
nepefaBaTh €ro JIPYrUM TO3UIUSM 10 UCXOASIIUM JyraM. Mapkepsl
oToOpaXkaeTcsi B BHJAE JKUPHOW TOuku. JlomyckaeTcsi OJHOBPEMEHHOE
MPUCYTCTBHE HECKOJIBLKAX MapkepoB. K mepexoiy NpuUXOaUT OJHA WK
HECKOJIbKO YT, MIYIIUX OT pa3HbIX mosuiui. OT mepexoma TakKe MOTYT
OTXOJUTh HECKOJBKO HCXOMANINX YT, BEAYIIUX K pPa3HBIM MO3UIUSIM.
IIpoBepka yciioBus niepexona (pa3peiieHue) Mpou3BOAUTCS, TOJIBKO €CIU XOTS
OBI OJTHA U3 €T0 UCXOHBIX MO3UIINIA BIIAJICET MAPKEPOM.

Puc. 1.10. Cerb IleTpu

B ornmuume ot cereit Iletpu ayru B SFC wumeroT BBIpakeHHYIO
HAIPaBJICHHOCTh CBEPXY BHHU3 U OTPAKAIOTCS MPSIMBIMU JHHHUSAMU. [lo3ummu B
SFC nazpBatoT maramm, wid ranamu. Ha gumarpamme oHM OTpaKaroTcs B
BUJIE TMPSMOYrOJbHUKOB. braromapss TakomMy «KyOM3My»  CYIIECTBYET
BO3MOYKHOCTD peajiM3alliy JUarpaMM B CHMBOJax riceBaorpaduku (puc. 1.11).
3ajath HECKOJIbKO CTapTOBbIX MmaroB B SFC Henb3sd, TONBKO OAWH IIar
JUArpaMMbl SIBJISIETCSI HAYAIbHBIM.
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Puc. 1.11. inarpamma SFC (ycioBue nepexona — si3bik L)
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I'paduueckas nuarpamma SFC cOCTOUT W3 MIaroB U MEPEXO0B MEKIY
HuMu. Paspemienue nepexoja ompeaensiercss ycaoBueM. C I1arom CBsI3aHbI
ompeeneHHbIe 1ecTBUsA. Onrcanus TeWCTBUI BBITIOJHAIOTCS Ha JTIOOOM SI3BIKE
MOK. Cam SFC nHe comepxkutT kakux-mu0Oo ympasistoumx komann [TJIK.
JleiicTBust MOTYT OBITh OmMHMCaHBbl U B BHUjE BiokeHHOM SFC-cxembl. MoXHO
CO3/1aTh HECKOJBKO YPOBHEH MOJOOHBIX BJIOKEHUM, HO JACHCTBHUS HHMXKHETO
YpOBHS Bce paBHO Heobxoaumo Oyaert onucath Ha IL, ST, LD wm FBD.

Hensto nmpumenenust SFC sBnsieTcs paszjieneHue 3ajaud Ha MPOCTHIC
sTambl ¢ (OpMaIbLHO OIpPEACNIEHHON JIOTMKOM padoTsl cucrtembl. SFC maet
BO3MOXXHOCTh ~ OBICTPOTO  TIOCTPOCHMSI ~ TMPOTOTHNA  CUCTEMBbI  0e3
nporpamMmmupoBaHus. [IpudeM nnsi oTpabOTKM BEPXHETO YPOBHS HE Tpedyercs
JeTaJIbHOE OIMCaHuEe ACHCTBHM, TaK >X€, KaK M MPUBA3KA K KOHKPETHBIM
anmnapaTHBIM CPEJICTBAM.

1.7.2. Cnucok uncmpykyuit 1L

3wk IL (Instruction List) — cmucok WHCTPYKIMNA. DTO THUITUYHBIN
acceMmOJiep C aKKyMYJISITOPOM M TepexoaaMu o Metkam. Habop MHCTpyKIui
CTaHJAPTU30BaH M HE 3aBUCUT OT KOHKPETHOW II€JIEBOM IIaTQOpPMBIL.
ITockonbky IL cambiii mpocToit B peanu3alud S3bIK, OH TOJYYUJ OYEHb
HIMPOKOE pacrpocTpanenue a0 npuHsatusa cranaapra MOK. A3bik IL mo3Bomsier
paboTaTh ¢ JIFOOBIMU THUITAMH JIAHHBIX, BBI3BIBATh PYHKIMHU U (PYHKIIMOHAJIBHBIC
0JIOKH, pealin30BaHHbIE Ha JOOOM s3bike. Takum oOpa3om, Ha IL moxHO
peann30BaTh AJITOPUTM JIFOOOM CJIOKHOCTH, XOTS TEKCT OYJET JOCTATOYHO
TPOMO3JKHUM.

B coctae MOK-sa3bikoB IL mpumeHsieTcss Ipu CO3IaHUM KOMITAKTHBIX
KOMITOHEHTOB, TPEOYIOIIUX TIIATEILHON MPOpabOTKH, Ha KOTOPYIO HE KaJIKO
BpeMeHu. [Ipu pabore ¢ IL ropasgo amexBatHee, 4eMm C JIPYTUMH SI3bIKaAMHU,
MOXXHO TPEJICTaBUTh, KaK OYyJeT BBIVISIACTh OTTPAHCIMPOBAHHBIN KOJI.
brnaromaps uemy IL BbiUrphIBacT Tam, T/I€ HYXHO JOCTUYb HaWBBICIIEH
s dextuBHOCTU. K KOMIUIISTOpaM 3TO OTHOCUTCA B MOJHOM Mepe.

Texkcr Ha IL — 3TO TEKCTOBBIN CHMCOK MOCIEA0BATEIbHBIX HHCTPYKIIUH.
Kaxxmast MHCTpYKLMS 3alMChIBACTCSA HA OTACIBHOU CTpoKe. MHCTpyKIMS MOXKET
BKJIFOYATh YETHIPE MOJIs, pa3/ieJICHHbIE MPOOeTaMH WK 3HAKaMH TaOyIIsIUK:

Mertka: Omneparop Omnepanpg Kommenrapmuii

MeTka UHCTPYKLIIMHM HE SIBISIETCA 00sI3aTEIbHOM, OHA CTABUTCS TOJBKO
TaM, e HyxHO0. OnepaTop MpUCYTCTBYET 00s3aTebHO. Onepana He00X0uM
noutu Bcerga. Kommentapuil — HeoOs3aTelbHOE T0JIe, 3aUCHIBAETCS B KOHIIE
cTpokd. CTaBUTh KOMMEHTAPUHU MEXK]y MOJISIMA UHCTPYKIHMK Hemb3s. [Ipumep
IL-iporpamMmel:

METKAL: LD Sync (*mpumep IL*)
AND Start
S Q
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Axxymynsatop IL saBisieTcs yHUBEpCAIbHBIM KOHTEHHEPOM, CHOCOOHBIM
COXpaHiATh 3HAUEHUS TNEPEMEHHbIX Jo0oro Tuna. KomaHawsl cpaBHEHUS
CPaBHMBAIOT 3HAYECHHE OIEpaHJa U aKKyMyJATOpa, pPE3yJIbTaT CpPaBHEHUS
NCTHUHA unu JIOXKDb BHOBB TOMEIIAETCS] B aKKYMYJISITOP.

[Iporpamma Ha IL BeImonHsieTca nmoapsn, cBepxy BHU3. JlJId u3MeHeHUs
MOPSIIKA BBINOJHEHUS M OpraHu3allMy LHUKJIOB IPUMEHSETCS Iepexo] Ha
MeTKy. [lepexon Ha MeTky MOxkeT ObITh Oe3ycnoBHbIM JMP — BemonHsercs
BCEI/Ia, HE3aBUCUMO OT 4ero-iubo. YcnoBHblil nepexoa JMPC BeimonHseTcs
TOJbKO TIpu 3HauYeHuu akkymyisitopa UICTHUHA. Ilepexon MOXHO BBITOJIHATh
KaK BBEpX, TaK U BHU3.

CrangapTHbIe onepaTopbl, Moau(UKaTOPHI cM. B [1].

1.7.3. Cmpykmypupoeannwiit mexcm ST

SAszpik ST (Structured Text) — 53To sA3BIK BBICOKOTO  YPOBHS.
Cunatakcnuecku ST mpeacTaBisieT co00il HECKOIBKO adalTHPOBAHHBIA SI3BIK
[Tackane. Bmecto mpomenyp Ilackams B ST HCHONB3YHOTCS KOMIIOHEHTBI
nporpamm crangapra MOK.

Jlis cenuanmcToB, 3HAKOMBIX C si3bIKOM C, ocBoeHue ST Takke He
BBI30BET HUKAKHUX CIIOKHOCTEH.

CpaBHEeHHE 2KBHBAJICHTHBIX ITporpamMM Ha si3bikax ST u C:

ST: C:
WHILE Counter <> 0 DO while (Counter-1=0)
Counter := Counter-1; {
Varl:= Varl*2; Varl *= 2;
IF Varl > 100 THEN if (Var1>100)
Varl .= 1; {
Var2 .= Var2 + 1; Varl = 1;
END_IF ++ Varl2;
END_WHILE }
H*while*/

B OonbmmHcTBe KOMIUIekcoB mporpammupoBanus [IJIK s3pik ST mo
YMOJIYAHUIO TIpEAJIaraeTcs il OINKWCAaHUs JCUCTBUUA W YCJIOBUHU IIEPEXOIOB
SFC. D10 Hammyuniee couyeTaHue S3bIKOB, MO3BOJIsIIONIEE A (PEKTUBHO pelIaTh
JIFOOBIE 3a1a4H.

OcHoBo#t ST-mporpamMmsbl ciy>KaT BhIpakeHus. Pe3ynbTar BBIYUCICHUS
BBIPAXXEHUSI IPUCBAUBACTCS] IEPEMEHHON MPU MTOMOIIY ONEPATOPA «:=», KaK U
B [Tackane. Kaxnoe BeipaxkeHue 00s3aTeIbHO 3aKaHYMBACTCS TOUKOM C 3aIATON
«;». BpIpakeHMe COCTOUT H3 TIEPEMEHHBIX KOHCTAHT U  (PYHKIUH,
Pa3EICHHBIX ONEPaTOPaAMHU:
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iVarl :=1 +iVar2 / ABS(iVar2);

CranpgapTHbE OMNEPATOpbl B BBIPAXKEHUSAX S| HMMEIOT CHMBOJIBHOE
Npe/ICTaBJICHUE, HAlPUMEp MaTeMaTH4ecKue AeucTBus: +, *, /, omeparuu
CpPaBHEHUS U T. 1.

I[ToMumO omepaTopoB, DJIEMEHTHI BBIPAXKEHHS MOXHO  OTIEIATH
npoOenamMu U TaOyISIUSAMU JJISL JIy4IlIero BOCHpHUATHS. B TekcT MoryT ObITh
BBEJECHBl KOMMEHTAapuu. Be3ne, rae IonmyCcTMMbl MACCHUBHBIE Pa3/ICNIMTEIH,
MOYHO BCTaBJISITh U KOMMEHTAPUH:

IVarl := 1 + (*moayuutsb 30ak*) iIVar2 / ABS(iVar2); (*nposepka na 0
ObliIa BbILIEY)

Heckonbko BbIpakeHUK MOXKHO 3amucarth MOAPSJ B OJHY CTpPOoKy. Ho
XOpPOIIUM CTHJIEM CUYUTAETCS 3aIMCh OJHOIO BBIPAXKEHUS B CTPOKE. J[mmMHHBIE
BBIPAKECHUSA MOXKHO IIEPEHECTH Ha CIEAYILIyr0 CTpoky. IlepeHoc crpoku
PaBHOLICHEH [TACCUBHOMY Pa3IECIUTEIIIO.

BripaxxeHre MOXET BKIIOYATh APYro€ BBIPAKEHUE, 3aKJIKOUYCHHOE B
CKOOKM. BplpaxeHue, 3aKIOYEHHOE B CKOOKH, BBIUMCISETCS B MEPBYIO
ouepep.

Tun BeIpa)XeHUs OIPEIEIIETCS TUIIOM PE3yJIbTaTa BEIYMCICHUM:

bAlarm := bylnpl > bylnp2 AND bylnpl + bylnp2 <> 0 OR bAlarmz;

Brluncnenue BBIpaKEHHS MPOUCXOAUT B COOTBETCTBUM C MpaBUJIaMU
npuopurera omepauuii. [lepBbIMU BBITIOJIHSIOTCS ONEpalMyd C HAUBBICIIUM
IPUOPUTETOM.

B mopsinke ymeHbIIEHUsST TPUOPUTETa OMEpalvK PacIoyiaraloTcsl Tak:
BBIpRKCHHE B CKOOKax; BbI30B ¢yHkimu; crencHb EXPT; 3ameHa 3Haka (-);
orpurtanie NOT ymHOXeHHe, naeineHne u jgeneHue 1mo moaymwo MOD;
CJIOKCHHE U BbhIunTaHue (+, -); onepamnuu cpaBHeHus (<, >, <=, >=); paBEHCTBO
(=); mepaBeHcTBO (<>); noruueckue onepanuu AND, XOR u OR.

Ilycroe BbIpakeHHe COCTOMT W3 TOYKHA C 3aISITOM <«G» g Todyku ¢
3aITOM  TPAHCHATOP HE TEHEPUPYET HHUKAKOro koxa. Ecim ciiy4alHO
MOCTaBUTH JIMIIHIOO « §)», 3TO HE BHI3OBET OLIMOKH.

Omnepatop BbIOOpa (IF-Ecam) 103BONSET BBINOJHUTH Pa3IAYHBIC
TPYIIBI BBIPQKEHUN B 3aBUCUMOCTH OT YCJIOBHH, BBIPQXKCHHBIX JIOTHUYECKUMU
BbIpakeHUsIMU. [loHbIN cuHTakcuc oneparopa |IF (ecinu) BBITIAINT Tak:

IF <normueckoe Beipaxkenue IF>

THEN

<pIpaxkenus |F> ;

[
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ELSIF <noruueckoe Boipaxxenue ELSEIF 1>

THEN
<pwipakeHus ELSEIF 1> ;

ELSIF <noruueckoe Boipaxxenue ELSEIF n>

THEN

<poipaxkenusi ELSEIF n> ;

ELSE

<pwIpakeHust ELSE> ;

]

END_IF

Ecmu <moruueckoe BbeipakeHue I|F> HCTHUHA, TO BBINOIHSAIOTCS
BBEIPDOKECHHUS TEepBOM Tpynmbl — <BbelpakeHus |F>. [lpounme BwIpaxkeHus

IIPOITYCKAIOTCS, aIbTePHATUBHBIC YCIOBUS HE MMPOBEPSIOTCS.

YacTh KOHCTPYKIIMM B KBaJAPATHBIX CKOOKAX SBJISECTCS HEOOS3aTeIbHON U
MOJKET OTCYTCTBOBATb.

Ecniu <normyeckoe Boipaxkenue IF> JIOXKDb, 1o omHo 3a apyrum
nposepsitorcss  yeinousi ELSIF. IlepBoe ucTHHHOE YCIIOBHE TPHUBEACT K
BBITIOJTHCHHIO COOTBETCTBYIOIIEH Tpyniibl BeIpakeHui. [Ipoune yciaous ELSIF
aHanusupoBatbes He Oyayr. I'pymm ELSIF MoxkeT OBITh HECKONBKO WM HE
OBITH COBCEM.

Ecnu Bce JOrMyeckre BbIPAKEHUS Jalld JIOKHBIA pPe3ysbTaT, ToO
BBITIOJTHAIOTCA BbIpaxkeHus rpynnsl ELSE, ecnin ona ects. Eciiu rpynner ELSE
HET, TO HE BBIMOIHAETCS HUYETO.

Hukaslt WHILE u REPEAT o0ecreunBaroT TOBTOpEHHE TPYIIITHI
BBIPXKECHUI, MOKa BEPHO YCJIOBHOE JIOTMUECKOe BhIpaxeHue. Ecnmu ycrmoBHOE
BBIPAXKEHHE BCET/1a UCTUHHO, TO IIUKJI CTAHOBUTCSI OECKOHEYHBIM.

Cunrakcuc WHILE:

WHILE <VYcnoBHoe noruueckoe BbipakeHue> DO <Bwipaxenus —
TEJIO IHUKJIa™>
END_WHILE

VYcnosue B mukie WHILE nposepsiercs no Havana 1mukia. Ecnu
JIOTUYECKOe BhIpakeHHe M3HadyanbHO nMmeeT 3HaueHue JIOXKD, teno mukna He
OyJeT BBIIIOJIHEHO HU pa3y.

Cunrakcuc REPEAT:

REPEAT

<BpIpaxkeHUss — TEJIO LIUKJIA >

UNTIL <YcnoBHOE TIOrHYecKOe BhIpaKCHHE™
END REPEAT
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Ycnosue B nukine REPEAT npoBepsieTcs mocie BhINOJHEHU TeJa HUKIIA.
Ecnn normyeckoe BbIpakeHHe wH3HadalibHO uMmeeT 3HadeHue JIOXKDb, Teno
IIUKJIa Oy/IEeT BHITOJIHEHO OJIMH Pas.

[Ipumep:

ci == 64;

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

END WHILE

[Mukn FOR obecneunBaer 3amaHHOE KOJIMYECTBO MOBTOPEHMM TPYIMIIBI
BbIpakeHn1. CHHTaKCHC:

FOR <llenslii cueTunk™> ;= <HavanpbHOE 3HaUYCHUC™
TO <KoHeuHO€ 3HaYEeHUE™>
[BY <Illar>] DO
<BrpIpaxeHust — TEJI0 UUKIa>
END__FOR

[Tepen BBITONIHEHHMEM IHMKJIA CYCTYHMK ITOIy4YaeT HadajJbHOE 3HAUYCHHE.
Jlanee Teno IMKIA TOBTOPSETCS, TOKa 3HAYCHHE CUYSTYMKA HE IPEBBICUT
KOHEYHOTO 3HaueHUA. CUETUMK yBEIMIMBACTCSA B KakaoM mukie. HauanpHOE M
KOHEYHOE 3HA4YeHHs W Imar MOryT OBITh KaK KOHCTAaHTaMH, TaK M
BBIPOKCHUSMU.

CdeTunK HM3MEHSETCS TOCJE BBIMOJHEHMS Tena nukiaa. [loatomy, ecinu
3a7aTh KOHEYHOE 3HAYCHHE MEHbIIEE HAYaIbHOTO, TO MPH TMOJIOKUTECIHHOM
IpUpaISHNUN UK He OyACT BBIMOJHEH HU pa3y. [Ipu oguHaKOBBIX HAYaILHOM
Y KOHCUHOM 3HAYCHHMSX TEJIO IHUKJIA OYyJIeT BBIIIOJHEHO OJIMH Pa3.

Yacte koHCTpyKIIuu BY B ckoOkax HeoOs3aTellbHA, OHA OMPEACIISIET Iar
npupanieHus cuetyrka. [1o yMoI4yaHuio CYETUYMK YBEIUIMBACTCS HAa CAMHUITY B
KaXJI0M uTepanuu. B kadecTBe cueTdyrka MOXKHO HCMOJIb30BaTh MEPEMEHHYIO
JIFOOO0T0 1I€JI0TO THIIA.

[Tpumep:

Varl :=0;

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

END FOR
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Jlauubiii nuki Oyaer BeimoiaHeH 10 pa3 u coorBercTBeHHO Varl Oymer
uMeTh 3HadueHue 10.

[Huxn FOR uckmrounTenbHO YI00€H sl uTepaluil ¢ 3apaHee U3BeCTHBIM
YHUCJIOM ITOBTOPOB.

JInst mocTpoeHHWsT TPaBWIBHOTO IMKJIA JOCTAaTOYHO COOJIOATh JBa
MPOCTHIX (OPMATBHBIX TPEOOBAHWS:

o HE U3MCHSNTE CYETUYHK IHUKJIA U YCIOBHME OKOHYAHMS B TEJE ITUKIIA.
Cderunk W MEepeMeHHbIC, 00pa3yroINe KOHEYHOE YCIOBHE B ITUKIJIE, MOXKHO
MCITOJTH30BaTh TOJIBKO JIJIsT YTCHUS;

o HE 3aJaBaiiTe B KauyeCTBE KOHEUHOIO YCIIOBHUSI MAaKCHMAJIbHOE IS
THTIa TIEPEMEHHOM CUeTYMKa 3HadeHWe. Tak, eciau Il OJHOOAMTHOrO IeJIOTO
0e3 3HaKa 3a/1aTh KOHCTaHTY 255, TO YCIOBHUE OKOHYAHUS HE OYJET BBIOIHEHO
HuKoraa. Lluki ctaHeT 6ECKOHEYHBIM.

Oneparop EXIT, nomemennsiii B Tene nukioB WHILE, REPEAT wu
FOR, npuBoauT K HEMEIJECHHOMY OKOHYAHHWIO ITMKJA. XOPOIIHHA CTHIIh
IporpaMMHUpPOBaHUs TIPU3bIBa€T H30eraTh TAaKOro MpHeMa, HO HWHOTJa OH
BeChbMa y100€H.

Omneparop RETURN ocymectisier HemeyieHHbIH Bo3Bpat n3 POU. D10
€IMHCTBEHHBIA CIOCOO MpepBaTh BIOXKEHHbIE HWTEpaluu 0Oe3 BBEJCHUS
JOTIOJIHUTEIbHBIX TMpoBepok yciaoBuil. Omnepatop RETURN  BeimonHseTcs
O4Y€Hb OBICTPO, (PAKTUUECKH ITO OJJHA MAITMHHAA KOMaH/1a MPOIECCopA.

Nuorna O6kiBaeT yaoOHO co3iaTh OE3YyCIOBHBIN UK, a YCJIOBHS BBIXO/a
dbopMupoBarh B Teie MuKiIa ¢ ucnoib3doBanueM EXIT. Hampumep, moryr
nOoTpeOOBaTHCSI HECKOJIBKO PABHOBEPOSITHBIX, HO HEB3aUMOCBSI3aHHBIX YCIOBUI
BbIxoAa u3 1ukjiaa. Co3gaTh Oe3yclOBHBIM (O€CKOHEUHBIN) MUK B ST mpoiie
BCETO0 TaK:

WHILE TRUE DO...

1.7.4. Peneiinvie ouazpammot L.D

LD (Ladder Diagram) s3bIK peJCHHBIX JUarpamMMm MM pelieHHO-
kOHTakTHBIX cxeM (PKC) — rpaduueckuil si3bIK, peaqu3yOIIUil CTPYKTYpbI
anektpudeckux menei. PKC — 310 amepukanckoe uzoOpereHue. B Havaie
70-x tomoB XX B. peseiiHble aBTOMAaThbl COOPOYHBIX KOHBEHEPOB HaYaIH
IIOCTETICHHO BBITECHATHCS MPOrpaMMUPYEMBIMU KOHTposuiepamu. Hekoropoe
BpeMs T€ W Jpyrue padoTaiyd OJHOBPEMEHHO M OOCIYXHBAJIHUCh OAHUMHU U
TEMU K€ JIFOJbMU.

Tak mosiBMiIack 3amaya Mpo3pavyHOro rnepeHoca penenHeix cxem B [IJIK.
Paznnunbie BapuaHThI NPOrPaMMHON peau3alii PEIEHHBIX CXEM CO30aBAIUCh
IpakTAYeCKu BceMu Benymumu npousBoguressimu [1IJIK. braromapst mpocrore
npeacrasieHuss PKC oOpen 3aciyeHHYIO MONyJSpHOCTh, YTO M CTaJo
OCHOBHOMW NMPUYMHOMN BKIIFOUEHHUS €ro B cTaHaapt MOK.
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I'paduuecku LD-auarpamma npeacTaBiieHa B BHJIE JIBYX BEPTHUKAIbHBIX
IIMH [WTaHusA. MeXay HUMHU  pacloyioKEeHbl IenH, 00pa3oBaHHBIC
coelMHeHneM KoHTakToB (puc. 1.12). Harpy3koi kaxx[0il Ilenu CIIy>KUT pee.
Kaxnoe peiie mMMeeT KOHTAKThI, KOTOPbIE MOXXHO HCIIOJIb30BATh B JIPYTUX
nersax. KoamyecTBO KOHTAakTOB B 1€MW MPOU3BOJBHO, pesie oaHo. Ecim
MOCJIEIOBATEIIbHO COEIMHEHHBIE KOHTAKThl 3aMKHYTBI, TOK WAET IO LENu U
pene Briouyaercs. [Ipy HEoOXOAMMOCTH MOXKHO BKIIIOUUTH [apaljIesIbHO
HECKOJIBKO peJie, OCJIEI0BATEIbHOE BKIIIOUEHUE HE JT0ITYyCKAeTCsl.

npaBH.l'leaﬂ YCTaHOBKa KOHTaKTOB BKMOMMUT namnyl

Switch1 Switchd Switch4 Switch6 Lamp1
| L ] 1 ] 1 ] | {1\
| | | | | | L
Switch2 Switch5
I L ]l 1

Puc. 1.12. uarpamma LD

B LD kaxaoMy KOHTakTy CTaBUTCS B COOTBETCTBHE JIOTHYECKas
NIEPEMEHHAsl, OMPECINAINIas €ro COCTOsiHHE. ECiiM KOHTAaKT 3aMKHYT, TO
nepemenHass umeer 3HadyeHne HMCTHUHA. Ecmm pazomknyt JIOXKDb. Hwms
TIEPEMEHHOMN MUIIIETCS HAJl KOHTAKTOM U (DaKTHUECKH CITY)KUT €r0 Ha3BaHUEM.

[TocrnenoBaTelbHOE COENMHEHHUE KOHTAaKTOB WJIM IIENeld PaBHOIICHHO
norudeckoit omepanuu M. IlapamnensHoe coenuHeHHe 00pa3yeT MOHTaKHOE
NIIN.

[ens moxeT ObITh OO0 3amkHyTOM (ON), nubO0 pasomkuytoit (OFF).
DTO oTpakaeTcsi Ha 0OMOTKE pejie U COOTBETCTBEHHO HA 3HAYEHUU JIOTUYECKOU
nepemenHoit oomotku (MCTUHA/JIOXKD).

[IpuBenennas Ha puc. 1.12 cxema 3KBUBaJICHTHA BBIPAKEHUIO

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

3purenbHoe Bocrpusatie LD-aumarpamMmm J0MKHO OBITh UHTYUTHUBHO
NOHATHBIM. [IpenMyIecTBO COCTOMT B BO3MOXXHOCTH NMPHUMEHEHHSI CUMBOJIOB
niceBorpaduku s nocrpoenus LD-nuarpamm.

CornoctaBnenue o0o3HaueHU 0a30BBIX 37eMeHTOB LD u o6Go3HaueHuii
ECKJI npuBeneno B Tad. 1.4.
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Taoauna 1.4
O0o3HayeHHus 0230BBIX 2JIEMEHTOB

D ECKJI O0o3HaueHue

L
—| I— - HopMmanbHo pa3soOMKHYTBIM KOHTaKT

—I/I— I T HopmanbHO 3aMKHYTBIM KOHTaKT

—( )— —D— O6moTKa perne

KoHTakT MoXxeT ObITh MHBEPCHBIM — HOPMAJbHO 3aMKHYTHIM. Takoii
KOHTAKT 0003HAYaeTCsl ¢ TOMOIILI0 CUMBOJIA |/| M 3aMBIKaeTCs, €ClIM 3HAYCHUEC
nepeMmeHHoM JIOXKD. THBEpCHBIN KOHTAKT PaBHO3HAYEH JIOTUYECKOW OIEPaLhH
HE.

[lepexnmovaronuii - KOHTaKT oOpa3zyeTrcs KOMOWHAIMEeW MpsSMOro u
MHBEPCHOr0 KOHTakKTOB (puc. 1.13).

I/}

= .

Puc. 1.13. Ilepekaoyauiuii KOHTAKT

OOMOTKHM pernie TakKe MOTyT OBITh WHBEPCHBIMH, YTO O0O3HAYAETCs
cumBoJjioM (/). Ecim oOMOTKa MHBEPCHAS, TO B COOTBETCTBYIOIIYIO JIOTHUECKYIO
NIEPEMEHHYIO KOIMPYETCs MHBEPCHOE 3HAUCHNUE COCTOSHUS TIETIH.

[ToMuMO OOBIYHBIX peje, B PEICUHBIX CXEMax 4YacTo MPUMEHSIOTCS
noJIIpyU30BaHHbIEe pee. Takoe pese uMeeT ABe 0OMOTKH, MEPEKIIOYAIOIIIE €T0
U3 OJIHOTO MOJIOKEeHUs B Apyroe. IlepexintoueHne nponu3BOUTCS UMITYJIbCAMU
Toka. [lpum OTKJIIOYEHHMH TOKa MUTAHUS MOJSPU30BAHHOE pEJe OCTAETCS B
3aIAaHHOM TIOJIO’KEHUH, YTO PEaTU3YET IEMEHTAPHYIO STUEUKY MaMsITH.

B LD Takoe pene peanusyeTcs pu MOMOIIM JABYX CIEIHATBHBIX OOMOTOK
SET u RESET. O6omotku tuna SET o6o3Hauarorcst OykBOil S BHYTpU KPYIJIBIX
ckoOok (S). Oomorkm tuna RESET o6osnauarorcs OykBoit R. Eciawu
COOTBETCTBYIOIIass 0oOMoTKe (S) mepeMenHas npunumaet 3HaueHue MCTUHA,
TO CcOXpaHseT ero OeckoHeuHO. BepHyTh nanHyto nepemenHyio B JIOXDb
MOJKHO TOJIbKO 00MoTKO# (R).

Jlornuecku mocnenoBarensHoe (M), mapamnensnoe (MJIN) coenunenue
konTtakToB u wuHBepcuss (HE) oOpasytor 6Gasuc byna. B pesynprate LD
UJeaIbHO TOAXOAUT HE TOJBKO JJIS MOCTPOCHUS PEICHHBIX aBTOMATOB, HO U
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JUIS  TPOrpaMMHOM  peayd3aliii  KOMOMHAIIMOHHBIX JIOTMUECKHX  CXEM.
bnarogapst Bo3moxHocTu BKItoueHUs: B LD ¢dynkumii u QyHKumoHanbHBIX
OJIOKOB, BBITIOJIHEHHBIX Ha JPYrux s3blKax, cdepa MNpUMEHEHUS sA3bIKa
MPAKTHYECKU HE OTPaHUYEHA.

1.7.5. @ynukyuonanvuvie ouazpammer FBD

FBD (Function Block Diagram) — 510 rpaduyecKuii S3bIK
nporpammupoBanus. Jluarpamma FBD oueHb HanmoMUHAET MPUHUUNHAIBHYIO
CXEMY 3JIEKTPOHHOI0 yCTpoicTBa Ha MuKpocxemax (puc. 1.14). B ortnuuue ot
LD «mpoBognukn» B FBD Moryr mnpoBoauTh curHaiel (miepenaBaTh
IIepeMeHHBIE) JTF000T0 TUTIA (JTIOTUYECKHUH, aHaJIOTOBBIN, BpeMs | T. 1.). MHoraa
TOBOPSIT, UTO B PEJIIEMHBIX CXEMaX COCAUHUTEIIbHBIC MPOBOJHUKU MEPEIAI0T
sHepruto. [IpoBognuku FBD Toxke mepenaroT 3HEpruo, HO B 0ojiee MIUPOKOM
cMbiciie. OYeBUIHO, YTO IIMHBI THUTAHUS W KOHTAKThl 3JIeCh  YXKe
HeaddextuBHbl. [IIuHbl nutanuss Ha FBD nuarpamMMe He MNOKa3bIBAOTCH.
Brixoapr 0JIOKOB MOTYT OBITH MOJAHBI HA BXOJbl APYrUX OJIOKOB JHOO
HernocpencTBeHHO Ha BbIxoAnl [IJIK. Camu 0510KkH, NpeaCcTaBIEHHBIE HA CXEME
KaK «YEpHBIE SIIUKK», MOTYT BBIIOJHATD JIFOObIE (DYHKIIUH.

FBD-cxeMbl O4€Hb YETKO OTPakarOT B3aMMOCBSI3b BXOJOB M BBIXOJIOB
auarpaMmbl. Eciay alropuT™ M3HAYAIbHO XOPOIIO OMMCHIBAETCS C MO3UIUU
curHajioB, To ero FBD-npencraBnenue Bcerna moiydyaercsl HarjisjiHee, YeM B
TEKCTOBBIX SI3bIKAX.
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Puc. 1.14. uarpamma FBD

HNuarpamma FBD crpoutcsi u3 KOMIIOHEHTOB, OTOOpa)KaeMbIX Ha CXEMe
npsmoyroibHuKamu. Bxoasl POU u3o0paxkatorces ciieBa OT IpsIMOYTOJIbHUKA,
BBIXOJIbI crmpaBa. BuyTpu mnpsmoyroiapbHuka ykassiBaeTcs tun POU wu
HAaMMEHOBAHMS BXOJIOB U BBIXOJIOB. J[J1s ax3emIsipa PyHKIIMOHATBHOTO OJ0Ka
€ro HaUMCHOBAaHUE YKa3bIBAaCTCS CBEPXYy, HaJI MPSAMOYroJbHUKOM. B
rpauyecKux CHUCTEMax MPOrPAaMMHUPOBAHUS TPSIMOYTOJbHUK KOMIIOHEHTA
MOXKET COJIepkKaTh KapTUHKY, OTPAKAOIIYIO €ro THIl. PazMep nmpsMoyrojbHHUKA
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3aBHUCUT OT YHCJIa BXOJIOB M BBIXOJOB M YCTaHABIMBAeTCS TpadUUeCKUM
PEIaKTOPOM aBTOMATHUYECKHU.

[Iporpamma B FBD He o0s3aTenpHO M0DKHA MPEACTaBIATH OOJBIITYIO
enqunyto cxemy. Kak u B LD, nuarpamma oOpasyercsi U3 MHOXECTBa IIETICH,
BBINOJIHSIEMBIX OJIHA 34 JIPYTOM.

[Ipsmoyronsuuku POU B FBD coenunens! muausimu cBsizu. CoeTMHEHUS
MMEIOT HAMPaBJICHHOCThH CJIeBa HampaBo. Bxoa 610ka MOXET OBITh COSTUHEH C
BBIXOJIOM 0JI0Ka, PacIOI0KEHHOTO ciieBa OT Hero. [loMumo 3TOr0, BXO MOKET
OBITh COEJUMHEH C TIEPEMEHHOM WM KoHCTaHTOH. CoeauHEHUE JOHKHO
CBSI3bIBATh MEPEMEHHBIE MJIM BXOJbl M BBIXOJbl OJHOIO TUMHA. B oTinume ot
KOMITOHEHTa TIEpeMEHHasT M300pakaeTcs Ha auarpaMMe 0e3 MpsIMOYTOJIbHOU
pamku. [Ilupuna coenunutensHor muHuU B FBD ponn He urpaer.
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2. MIOAI'OTOBUTEJIBHAS PABOTA U BBIITIOJIHEHUE
MNPOTPAMMUPOBAHMUA TIJIK B CODESYS

J10 BBINIOJTHEHUS MPAKTHYECKUX pabOT HEOOXOAUMO CIEAYIOIIEE:

1.  VYcranoBure 1O CoDeSys Bepcus 2.3.9.41 (PycubunmpoBaHHas
Bepcus) 1o cewplike: http://www.owen.ru/catalog/codesys v2/opisanie [3].

2.  YCTaHOBWTH ABTOMAaTHYECKUI YCTaHOBIITUK OMOIMOTEK
(TUIK100/150/154/110/160/63/73).

3. VYcTaHOBUTH yCTaHOBIIMK Target dhaiisl sl CAeayONuX MOCICH
[JIK: TUIK 100, ITUIK 150, ITJIK 154.

4.  OzHakomuTCs c «PykoBoacTBom I10JIb30BAaTEIIS o
nporpammupoBanuio [1IJIK B CodeSys 2.3» [4-6].

5. O3HaKOMUTKCS C BUJEO-YPOKaMHU.

JInst co3nanusi COOCTBEHHOTO MTPOEKTAa HEOOXOAUMO:

1. Onpenenuts koHpurypamuto ITJIK B cOOTBETCTBHMU C ammapaTHbIMU
CpeACTBaMU CBOETO KOHTPOJLIEpA.

2. Co3gaTh mporpaMMHBIE KOMITOHEHTHI, HEOOXOAUMBIC JIi pPEIICHUs
poOJIEMBI.

3. Hanucare nporpaMMHbIA KOJA JJIi CO3/JaHHBIX KOMIIOHEHTOB Ha
BBIOPAHHBIX SI3bIKAX.

4. Tlocne 3aBeplIeHUs TPOrpaMMHUPOBAHUS, CKOMIWJIMPOBATH MPOEKT U
UCIIPAaBUTh OIIMOKH, €CIIU OHU €CTb.

5. Ipuctymuts K otnaake. s 3Toro:

o BKIIIOUnTe (hiakok sMmyisnus (Simulation) u «moakimouuTechy K
KoHTposutepy. Teneps Bol B pexkume Online;

o otkpoiite okHO ¢ koH(urypamuei [IJIK (PLC Configuration) u
IpPOBEPHTE MPABUIBHOCTH BBIMOJHEHUS] TIpoekTa. JlJis 3TOro M3MEHHTE
BPYUHYIO BXOJHBIC JaHHBIE U YOEAUTECh, YTO BBIXOJIBI KOHTpOJUIEpa
OTpEarupoBav HYyKHBIM 00pa3oM.

B ciydae ommbok B paboTe Kojia Bbl MOXKETE 3a7aTh TOYKH OCTAaHOBA.
Korga nporiecc ocTaHOBJIEH B OMPEACICHHONW TOUKE, BBl MOXKETE MPOCMOTPETh
3HAQUEHMUS] TEPEMEHHBIX MPOEKTa B JaHHBIM MOMEHT BpEMEHU. BbIMONHISA
INPOSKT B TmoIIaroBoM pexume (Single step), Bl MoXeTe TPOBEPHTH
JIOTUYECKYI0 KOPPEKTHOCTh CBOMX MPOTPaAMM.

JIst mporpaMMHUpPOBAaHUST Pa3peIIaeTCsl MCIOIB30BAHUE JIFOOBIX SI3bIKOB
IpOrpaMMHUpPOBAHUs, OJAHAKO PEKOMEHAYETCS MCIOJIb30BaTh SI3BIK PEJICHHBIX
auarpamm (LD).

36


http://www.owen.ru/catalog/codesys_v2/opisanie

3. Ilpakmuueckasn pavoma Ne 1
PEAJIM3AIINSA PABOTHI PEBEPCHUBHOI'O ITYCKATEJIE
HA KOHTPOJUJIEPE PLC 150.1-M (CODESYS)

3.1. KpaTkue TeopeTuueckue cBeieHUs
Jlns 3amycka SJEeKTpOJBUTATENsl B MPSMOM M OOpaTHOM HampaBJICHUU
MIPUMEHSIETCSI pEBEPCUBHAS CXE€Ma YIIPABJICHUSI HA MATHUTHOM ITyCKaTeJe.

La Lg Lc N
o o o T
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= U:l ~ KM1 | |:|
___~

| I HA3AIT  km2

KMZ\ee\ N\ KM Kﬁ 252__[|_

~
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JBuraresnn .

Puc. 3.1. IIlpuHunnuanbHas cxeMa padoThl peBEePCHBHOI0 MyCKaTeJIsi

®a3pl 4, B u C nuTaroumero HampspKeHUs MOABOASATCS K KiIeMMam
ACMHXPOHHOTI'O JIBUTATENISl 4Yepe3:

®  TPEXMOJIOCHBIM  aBTOMAaTUYECKU  BBIKIIOYATENb,  KOTOPBIU
3allMIIAET BCIO CXEMY U MO3BOJIAECT OTKIIIOYATh MUTAIOIIEE HANIPSHKEHUE;

® [I0OYEpPETHO 4Yepe3 TPU Mapbl CHUIIOBBIX KOHTAKTOB MarHUTHBIX
nyckareneit KM1 v KM?2,;

®  TeIIoBOE petie P, KOTopoe CIyKUT JIsl 3alUThI OT IEPErPYy30K.

st U3MEHEHUS HarpaBJIeHUs BpaleHus Tpex¢azHoro
AJIEKTPOJBUTATENII HEOOXOAMMO TOMEHSTh MECTaMH MOJKIIIOUCHHE JFOOBIX
nByx ¢a3. [ns sToro B 1enb OOMOTKMA JBUTaTesisi BKJIIOYEHBI CHJIOBBIC
KOHTaKThI OT JIBYX ITyCKarelied, KOTOPbIEe MOIKIIOYAITCS MOOYEPETHO, MEHSS
yepenaoBanue ¢a3. B cxeme (puc. 3.1) npm BpalicHHMH ~BHEpes
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mocyenoBarTebHOCTh (a3 Takas - A, B, C, npu Bpamienuu Hazan - C, B, A, T.e.
yepenoBanne ga3z 4 u C MEHSIETCS MECTaMH.

Karymkyn MarHWTHBIX IyCKaTelnerd C OJHOW CTOPOHBI IOJKJIKOYEHBI K
HyJIeBoMy pabodemy mpoBOAHHKY N yepe3 HOpMaJIbHO 3aMKHYTBIA KOHTaKT
teruioBoro pene KK, ¢ npyroii - uepe3 kHOmouHkIi nocT K ¢daze C.

KHOmouyHbIM MOCT COCTOUT U3 TPEX KHOIOK:

. HOpPMaJIBHO pa3oMkHyTOU KHONKU BIIEPE/;

o HOPMAJIBHO pa30oMKHYTOM KHONIKM HA3A/L;

o HOpMasbHO 3aMKkHYyTOU KHONKU CTOIL.

K xnonke BIIEPE/] napamienbHO MOAKIIIOYEH HOPMAIbHO PA30MKHYTBIN
BCIIOMOTaTEJIbHBIM KOHTAKT myckarens KMI W COOTBETCTBEHHO K KHOIKE
HA3AJl - HOpMaJIBHO-PAa30OMKHYTBIA BCIIOMOTATEJIbHBIA KOHTAKT ITyCKATEIIs
KM?2.

Takke B 1enb NUTaHud OOMOTKM Tyckarens KM BKIIOYEH HOPMaJIbHO
3aMKHYTBI KOHTakT myckarenss KM2, a B uenb oOMOTKM myckarens KM?2
BKJIIOUYEH HOPMAaJbHO 3aMKHYTBIM KOHTAaKT Iyckarens KMI. Dto cnemnano miis
OJIOKMPOBKHM, 4YTOOBI TPEAOTBPATUTh 3aIlyCK JBHUTaTelidl Ha3al, Korjga OH
Bpaulaercsi Brepea, U Hao0opoT. To ecTh 3amyCTUTh ABUTATENb B JIIOOYIO U3
CTOPOH MOKHO TOJBKO M3 MTOJIOKEHUS OCTAHOBA.

Pabora cxembl

IlepeBoauM phIMar TPEXMOJIKOCHOIO aBTOMATUYECKOTO BBIKJIIOYATEIS BO
BKJIFOYEHHOE TOJIOKEHHE, €r0 KOHTAKThI 3aMbIKAIOTCS, CXeMa T'OTOBa K padoTe.

1. 3amyck Bnepen

Haxumaem kHonky BIIEPE/I. Ilenbs nuTanuss OOMOTKHM MarHUTHOI'O
nyckarenst KM 1 3aMbIKaeTcs, SIKOpb KaTYIIKA BTATUBAETCS, 3aMbIKAET CHIJIOBBIC
KOHTakTbl KM w BCoMOraTelIbHbI HOPMaJIbHO OTKPBITHIM KOHTakT KM,
KOTOpBIN myHTHpYeT KHONIKY BIIEPE/I.

OIHOBpEMEHHO BCOMOTATENbHBIN HOPMaIbHO 3aMKHYThIM KOHTAKT KM
pa3MbIKaeT IeMb YIpPaBJICHUS MarHUTHBIM TyckareneM KM2, Omokupys Tem
CaMbIM BO3MOKHOCTH 3aIlyCKa peBepCca JABUTATEII.

Tpu nuraromux (asel B nocnegoBatenbHocTd A, B, C momaroTcsi Ha
OOMOTKH JIBUTATEJIs, U OH HAUMHAET BPAIllaThCs BIIEPE.

Ormyckaem kHonky BIIEPE]/], ona BoO3Bpamaercss B HCXOJIHOE
HOpMAaJbHO Pa30MKHYTOE€ COCTOsHME. Tenepp nmuTaHue Ha OOMOTKY MycCKaTels
KM 1 nopaetcs yepe3 3aMKHYTBIM BCIIOMOTaTeNIbHbIN KOHTAKT KM 1. JIBurarens
3alyIlIeH U BPaIllaeTCs BIIEPEN.

2. OcTaHOB ABUraTe s U3 MOJIOKEHUS BIIepe/

JIJisi OCTaHOBKM JBUTATElIs WIM 3allyCKa B JAPYTyI0 CTOPOHY HEOOXOIMMO
cHayana Haxarb KHonky CTOII. Ilutanue nenu yrmpaBieHUs Pa3MbIKAETCS.
Axope MarauTHOTO Myckarenss KM non neicTBUEM MPYKUHBI BO3BPAIIAETCS B
UcXonHoe cocrosiHue. CuIOBBIE KOHTAaKThl  Pa3MBIKAKOTCSA,  OTKIIFOYAs
IATAIOLIEE HANPSDKEHUE OT AJIEKTPOABUTATENA. [[BUrarenb OCTaHaBIMBACTCSI.
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OIHOBPEMEHHO C 3TUM Pa3MbIKAETCSI BCIIOMOTaTeIbHbIA KOHTAakT KM B
Henu MuTaHuss oOMoTku myckarens KMI w 3aMblkaeTcss BCIOMOTATENbHBIHI
KOHTaKkT KM B uenu nutanus myckarens KM?2.

Ornyckaem kHonky CTOIIL. Ona Bo3BpamaeTcs B UCXOJHOE HOPMAJIBHO
3aMKHyTO€ ToNoKeHue. [loCKOmpKy BCIIOMOTraTeNbHBIA KOHTAKT KM
Pa30MKHYT, NMUTaHWE Ha OOMOTKY myckarenss KM He mopaercs, JBUTATElb
OCTAETCsl BBIKJIFOUEHHBIM, M CXEMa FOTOBA K CIIEIYIOLIEMY 3aITyCKY.

3. PeBepc aBuraresist

YroObl 3amycTUTh JABUTATENh B OOpPAaTHOM HAINpPaBJICHUH, HAKUMaeM
kHonky HA3AJ/IL.

[lutanne momaercs Ha oOMOTKY myckatens KM2. On cpabarbiBaer,
3aMblKasg CWJIOBbIE KOHTAakThl KM2 B 1enu TWATaHWAS JBUTATENS W
BCIIOMOTATENIbHBIM KOHTAakT KM?2, xoropeii myHTHpyeT KHonky HAS3A/L
OIHOBPEMEHHO C 3TUM JPYrOW BCIOMOTATENbHBIM KOHTAKT KM2 paspbeiBacT
uenb nuraHus nyckarens KM2.

Ha oO6MoTku naBuratenst mogatorcss Tpu ¢aswl B nopsinke C, B, A, oH
HAa4YMHAET BpallaTbCs B APYTYIO CTOPOHY.

Ornyckaem kHonky HA3AJI. Ona Bo3Bpamaercsi B HCXOIHOE
MOJIOKEHUE, HO TUTaHWE HAa OOMOTKY myckaTtensi KM2 npoaobKaeT nocTynaTh
4yepe3 3aMKHYTHIM BCIIOMOTAaTENbHBIM KOHTAakT KM?2. JIBurarens mpoJioiaxKaeTt
BpauaThCs B 00PaTHOM HaIlPaBJICHUU.

4. OCTaHOB IBUTaTEJIA U3 MOJIOKEHUS HA3A/T

s octanoBa moBTOopHO HaxkuMmaem kHornky CTOIIL Ilens nuranus
oOMoTkHu myckatenst KM?2 pasmbikaercsa. SIkopb BO3BpallaeTcsi B HCXOJHOE
MOJIOKEHUE, PA3MbIKasi CUJIOBbIE KOHTAKThl KM2. /IBUraTeib OCTaHaBINBAETCS.
OIHOBPEMEHHO C 3TUM BCIIOMOTaTeNIbHbIE KOHTakThl KM2 BO3BpalarOTCs B
HCXOJHOE COCTOSTHUE.

Otnyckaem kHonky CTOII, cxema rorosa K cienyromemy IycKy.

5. 3amuTa oT Meperpy3ok

3ammra OT IepPErpy30K BBINOIHAETCS TEIIOBBIM pee P.

3.2. 3aganue

1. Co3gaTh KOMMYTAIMOHHYIO TpOrpamMmy Il [PUHIIUIHATLHOM
ANIEKTPUUYECKON CXeMbl PabOTHI JJIEKTPUUECKOTO JBUTATENSI B MPSIMOM U
o0paTHOM HaIpaBJICHUU.

2. Cozpmare Busyanuzanuio (rpaduyeckuit  uHTEpdeEic) padoTh
anektpoasurarens. CeIMUTUpPOBaTh BpauieHue asuratens, kHonku BITEPE/,
HA3A/I, temnoBoe peie (KK).

[Tpumep oopmiieHUs BU3yaIn3alliy MPUBEACH Ha puc. 3.2.
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Puc. 3.2. Ilpumepsl opopMJieHHS BU3YATU3ALNU

3. [IoAroTOBUTH OTYET IO IUIAHY:

o 11e7Ib Pa0OTHI;

o OMMCAaHUE MPUHUUIIUAIBLHON AJEKTPUYECKOHM CXEeMbl padOoThI
anekTpoasurarens. llocimenoBarenbHOCT, JEWCTBUM IyCcKa JBUraresis B
OpsIMOM U 0OpaTHOM HallpaBJEHUH U IIpH neperpyske D/1;

o noipoOHOE TOIIArOBOE CJIOBECHOE OIMCAHWE KOMMYTAIIMOHHOM
pOTrpaMMbI (BCEX JIEMEHTOB, KOHTAKTOB KaTYIIEK PeJie);

° OMMCaHue BU3YyaJU3aIlMu M HUCIOIb3yeMbIX 11 3Troro POU. biok
cxeMa. AJITOPUTM TTOCTPOCHUS BU3yaIu3alluu;

o BBIBO/JI (HE MCHEE TPEX).

3.3. BeimostneHue pa6oTnl B iporpamme CodeSys

s coznanus nepBoro POU HeobOxoaumo:

1. OTKpBITH TpOrpaMMy ¢ oMolIbI0 sipibika CoDeSys v 2.3.

2. B oTkpbIBIIEHCS pOrpaMMe B JIEBOM BEPXHEM YIiy Haxarth «Dailin -
«Co3nate» (puc. 3.3).
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Puc. 3.3. Cozpanune POU

3. Ilpennaraercst ompeaenuTh KOHGUTYypaluioo KoHTposuiepa. OTKphIB

BhITTaaromuii cucok, BeiOpare PLC150.1-M u Haxkate kHOmKy «OK» (puc.
3.4).

Koneurypaums:  |Mone OtreHa

PLCTO0.R-L
PLCT00.R-p
PLCIAOA-L
PLCTS0.A-M
PLCIS0-L

PLCTS0.1-M

PLCIA0.U-L

PLCTS0.U-p
PLCTS4.A-L

Puc. 3.4. Hactpoiika konpurypanun IIJIK

4. Jlanee, He BHOCA HUKAKMX W3MEHEHU B HACTPOWKHA LEIEBOU
aTgopMbl, HaxaTh KHONKY «OK» (puc. 3.5).
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Hactpoiikm ueneecid naatgopmbl “

K.oHpUrypaumra; IF'LE'I 80,1k ﬂ

Uenesan nnardopma | PacnpeneneHiie I'IaMFlTHI Dﬁu.[uel Ceresan q:-gHKLLMDHaanDCTbI Buzyamizalma

[naTdopra: I Irtel Strongd Rk ;I
Fer. nepeoro uenoro naparerpa; Fer. nocn. uenoro napareTpa; Per. uenoro pesyneTara:
RO =l |rs =] Iro =]

¥ Mopanok Gaim [nkel

Ma gMDJ'I'-IaHHH:ll 0k I OTreHa

Puc. 3.5. Hactpoiika unesneBoii njaatgopmbl

5. HoBerit mporpammMHsIil kommoreHT (POU):

° «ms noBoro POUy - ocTaBuTh 0€3 M3MEHEHMIA;

o «Tumn POUy - Be1Opats «IIporpammay;

o «A3bIK  peanmzanuu» - BbIOpaTh «LD» (S3bIK  JIECTHUYHBIX
JarpamMm);

o Haxarp kHonky «OK» (puc. 3.6).

Hoewlid NnporpaMmmHbii komnoHeHT (POU)

HMra Hosora POL: IF'LE_F'FEG (] I

— Tun FOL — Asbik peanMsauHMy—————— OTreHa
' Mporparama L
7 PyHruMOHANEHER Gnok LD
™ Pynkuma " FED
THR pesynsTaTa; " SFC
[eooL L] o
" CFC

Puc. 3.6. HoBblii nporpammubliii komnonenT POU
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3.3.1. Cozoanue npozpammst na azvike LD

1. Bo-niepBrIX, HEOOXOAMMO 3a/1aTh MIEPEMEHHbBIC U UX THI. B TeKcTOBOI
00JIACTH MTPOM3BECTH OIMCAHHUE «BXOHBIX)» IMepeMeHHbIX (puc. 3.7, puc. 3.8).

% CoDeSys - (Untitled)* -8
Gaitn Mpsexa Mpoext Bcrasuts [Jononmenma Ornaiin Okwo  Cnpaska
B8 0@ a2 2] & o -] =] vl ole|e] e sE 2]
[=)
i PLC_PRG [PRE) ®, PLC_PRG (PRG-LD) E=SE=E o)

0001|PROGRAM PLC_PRG

B E R
[ [OHAAMH {346 [MPOCMOTR

Puc. 3.7. BHemnuii B CTPYKTYpHI fi3bika LD

JI71s1 TOTO BBEIUTE CIAEAYIONINUE CTPOKH:
PROGRAM PLC_PRG

VAR_INPUT
KK:BOOL;
STOP:BOOL;
GO:BOOL;
RE:BOOL;

END_VAR

) PLC_PRG (PRG-LD) E=n el =<
j@giPRGGRAMPLC_PRG

0002VAR_INPUT

0003 KKBOOL;

0004 STOP:BOOL;

0005 GO:BOOL;
0006 REBOOL,
0D07|IEND_VAR
0008

Qoog

040l

Puc. 3.8. Onucanne BXOHBIX NepeMeHHBIX
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OnucaHue UCTOJIb3yEMbIX IEPEMEHHBIX

KK - BXOHOU mapaMeTp TEIJIOBOTO PEJIE;

STOP - BxonHo# mapameTp KHONKH «CTom;

GO - Bxoano# napametp kHONKHU «IIpsiMoit myck»;

RE - BxongHol napametp kHONIKH «PeBepey.

2. IloMuMO «BXODHBIX», HEOOXOAWMMO 3aJaTh H  «TJIOOATBHBIC
nepeMeHHble. MIX MOXXHO HaWTH, Ha)KaB B JIEBOM HIKHEM YTy HA BKJIAJKY
«Pecypce», a 3aTem BbIOpaB manky «l moOajgbHbIE IEPEMEHHBIE» U MapamMeTp
Global_Variables (puc. 3.9, puc. 3.10).

% CoDeSys - (Untitled)* - a
®aiin Mpaska [Mpoext BcrasuTs Aononmenns Ownaiin  Okvo  Cnpaska

B8] 5502 2R % |50 05w

PLC_PRG (PRG-LD) o || =]
0001/PROGRANM PLC_PRG ~
0002\VAR_INPUT

KK:BOOL;

:_Lonfigur
E3- (1] futinorera ANALYZ]
E- (1] dutinmorera IECSFL. STOP:BOOL;
~Ef Boprxypran GO:BOOL;

Korpurgpaus MK o00E ReeooL, | % Global_Variables === =
A

(E Korsurypauis sans 0007|END_VAR _0004|VAR_GLOBAL
OHPUMUPALHA TREE! a ,,g END_VAR
00
0

~ () Meneanep ubiare
Meneaxep napamery
&, Meneaxep npocwmory
- 5% HacTpoiku ueneeoi H
[ NNK-Bpaysep ————1 ooc
32 Pafiousn obnacTe - o0

[ Unppoea rpaccupor

1=

.HHHHHH
EEEEEEEEE
|E'Sm\m\-nmtuﬂ~ IMEEH

. .

[ OHNAWH (34 INPOCMOTP

Puc. 3.9. Pa3znen onucanus riiodajibHbBIX epeMeHHbIX

B oTKkpbIBIIEMCSI TEKCTOBOM OKHE OMUIIHUTE «TJI00AIbHBICY MEPEMEHHBIE.
Beeaure cienyromue CTpoKu:

VAR_GLOBAL
M1:BOOL,;
M2:BOOL;
X:INT;
Y:INT;

END VAR
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% CoDeSys - (Untitled)* -8
®aiin Mpaexa [Mpoekt Bcragure  fononwenns Onnaiin  Okrio  Crpaska

alz=| @.-.g]%g% ] 8

oy PLC_PRG (PRG-LD) o [[E =]
0001|PROGRAM PLC_PRG ~
@ aiiable_Configu B003)\AR_INPUT
B dunmorexs ANALYZ KKBOOL:
B[] 6uBauorera ECSFC STOP:BOOL:
Bopmypran GO:BOOL;
Korpurypaus MNK. o008, ReBoOL; | % Global_Variables oo s
Korpurypauns sana: MHNEF|END_VAR _0009|VAR_GLOBAL
B Korepurypaums Tpes: o 0002l M1.BOOL;
(i Meveanep Gutnuore BN v2BOOL
Menevep nparrer B 2004 XINT,
~’ i 05| YINT;
&, Meneaxep npocwmory O0BEND. VAR
- 5% HacTpoiku ueneeoi 0007 -
~ [ & NNK-Bpaysep 0008
3% Patioua ofnacTs 0008
] Wvposan rpaccipo 0010
0011
0012
0013
0014
e
HHIIE
L
HIEE)
0019
sz
< [ 2 >
< >
. 3.5 < >
[ [OHMARH [2aM [MPOCMOTR

Puc. 3.10. Onucanue rjo0aabHBIX epeMeHHbIX

3HaYeHUE UCTI0JIb3YEMBIX TJI00ATbHBIX MEPEMEHHBIX:

M1 - BBIXOJTHOW MMapaMeTp KaTyIIKH MarHUTHOTrO nmyckarenss KM,

M?2 - BBIXOJHOM MMapaMeTp KaTylIKu MarHUTHOTO myckarest KM?2,

X uY - 3TOT mapaMeTp ONMUCHIBAET KOOPJAMHATHI OObEKTa BU3yalIM3alluH,
KOTOPBIM OyJeT co3iaH Jajee.

3. MOXHO TPUCTYNUTh K HAHECEHUIO JJIEMEHTOB Ha «IeCTHUIY». C
nomortipio «KoHTakToB» U «/HBEPCHBIX KOHTAKTOB» CO3/aiiTe MEPBYIO BETBb
ynpasiieHus aBuratenaeM (puc. 3.11).

LS CoDeSys - 1.pro* - [PLC_PRG (PRG-LD)] = B
%y Qaiin Mpaska Mpoext Berasums [l @

ononrenna  Ownain Okwo  Crpaska

BB B@easaRm b RemE e < s i olele| omEEE 2]
[0001|PROGRAM PLC_PRG
[0002{\AR_INPUT
[4 PLC_FRG [FRG) [0003|  KK:BOOL;

000 STOP:BOOL,
00! GO:BOOL;
[0008| REBOOL
[0007|END_vAR
0f
0f
0
0

&

=
=

=
=

=

=

v

=

0

27? 272 279
I
I

—/ {/1 {/

Bl -

Puc. 3.11. [lepBasi BeTBb dJ1eKTpUIecKOii cxembl AJl Ha si3bike LD

4. Jlnsg co3maHus BTOPOM BETBHM HEOOXOJMMO Ha)KaTh MPaBON KHOMIKOMH
MBIIIIH 110 00JIaCTH «IECTHUIILD U BbIOpaTh «llemnb (rmocmne)» (puc. 3.12).
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L CoDeSys - (Untitled)*

®aitn Mpaexa [poext Berasuts Jononmenws  Omnaiin  Owkwe  Cnpaexa | Beipesats Crl+X
B2 = 25 E25m Bl o -] Bl e ole|e| B82S Konnposara CLEC

N BcrasuTs Cirl+V
2, Pecypcel YaanuTe Del

B+ {3 MnodansHele nepeme,

Uens (nepea)
: 0001[PROGRAN PLC_PRG
Vaiable_Canfigur VAR INPUT Uens (nocae) CeT |
B Gutinorera ANALYZ KK:BOOL;
B[] 6unuorera IECSFL STOP-BOOL; KomTakr Ctri+K
X Goprxypran GOBOOL: Wneepcrsii kontakt Ctrl+G
Koreurypauna MK oo EN[?E{:SDL. TapannensHbiii KoHTaKT Ctri+R
Korepurypauss sans - MapannentHsiii KoHTaKT (UHBEpCHSI) Ctrl+D v
KoHepurypauna Tpes: < 3
(i Meveanep Gutnuore — DyHiLMOHaBHBIR BROK.. Ciri+B

Menensep naparerr goot

AeTekTop nepeanero dpoHTa
<&, Meneaxep npocwmoTy

M- Aerexrop saanero dporTa 299
- Epagees Tarimep (TON) 4._( )7
42 Patiouan ofinacTe QBmoTka CtrlsL
3] Wsposan rpaccpo Set' obmoTka Chrl+|

‘Reset’ oBMoTKa

SnemenT ¢ EN

Bcraska B Gnoxm 3

Mepexoa
Bosspar

KommenTapuii
Wnsepeus Ctri+N

e ;
Macuurab Alt+Enter
1Ba

Oripors 3ksennasp

< >

I =N=1 [loBaBuTs B cAMCOK NPOCMaTRa

[ Bcrasmer wens noce TeryLEh e Moxazars NepekpecTHLIE cebu Cirl+F3 OHAATH [3AM [TFOCHOTE

B HoBoM crncke npockoTpa
>

Puc. 3.12. Co3nanue BTOPOii BETBU JIEKTPUYECKOH CXeMbI

5. Hanecurte aHaIOrHYHBIM 00Pa30M 3JIEMEHTBI CXEMbl Ha BTOPYIO BETBb
(puc. 3.13).

L3 CoDeSys - (Untitled)* - o

Qaéin Mpaska [Mpoecr Bcraswte Jononwenns Onnadin  Oxkvo  Cripaeka

BB Bo]edEs 2 @ frr -] EE] i
52, Pecypeni '

ThafankHes nepee

tiejr| Oolo|o| X882 8] /]

0001|PROGRAM PLC_PRG

@ vaizble_Configu

[VAR_INPUT
(22 GuBnuorera ANALYZ] KKBOOL:

(1 Guucrera ECSFL. STOP-BOOL;

~E3] Boprypnan GO'BOOL;
KoHpurypaus MK RE:BOOL,
KoHgurypauma saga DOO7IEND_VAR

Kondurypauma Tpesg Q
- () Meneaep dubniare) —
Merenkep napaner;
3, Menenxep npocmon,
A2 HacTpoitkn uenesoii
-8 NNK-Epaysen
3 Pafiouan o6nacTo
(2] Upposas Tpaccupol

o001

< >

%_I < NapameTpam KOMMbED

[ [OHN&AH [3ak [MPOCMOTR

>

Puc. 3.13. /IBe BeTBH 3JIeKTPHYECKOIi ceTH

6. [IpucBoiiTe Ha3BaHUs PJIEMEHTOB, COTJIACHO cxeme puc. 3.14.
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%

®aiin Mpaska Mposkr Berasurs [Jomonwesws  Ornaiin Oxvo  Cripa

Illlll :lllllllllllllllll

PROGRA PLC_PRG.
[VAR_INPUT
KK:BOOL;
STOP:EOOL;
GO:BOOL;
REEOOL
END_VAR

<

STOP M1

—VI—M—M—[: }J (—

KK STOP

M1 RE
/A |
L5

v
B

AKT l/IEaL,MH ‘v"m

UTobb! aKT! ADOB;

e —| ndows,
< napswerpay counuoteps
OHMAKMH |34M [MPOCMOTP

Puc. 3.14. Daexrpnyeckas cxema pesepcuBHoro AJl na sizpike LD

3.3.2. Co3oanue npozpammol 08UIHCCHUA

1. B neBom HuxkHEM yriy BeiOepuTe BKIaaky «POUy» u B neBoit obmactu
9KpaHa HAKMHUTE Ha MPaBYIO0 KHOIKY MBIIIH, ITOCJIE Yero HakMuTe «J1o0aBUThH
O00BEKT.

mwwmmmmcw

[GRAATH [ [FODOTE

Puc. 3.15. Coznanne POU Busyaausanuu

2. Beeaute ums noamporpaMmbl U BeioepeTe s3bIK peannzannu SFC (puc.
3.16).
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3 Hoewli nporpamMmHubii koMmnoHeHT (POU)

Mraa Hosoro POL: |"»-"IS
Tun POU Habik pEany3anH9 OTHEHA
{* Mpaorpardraa L
{7 PyHEUMOHANBHBIE G0k " LD
" " FBD
. Tun pesysTars:; v SFC
[B00L Ll st
" CFC

Puc. 3.16. Coznanne POU o0bexkTa BU3yaan3anuu padéoTsl MPorpaMMbl

3. B mnosBuUBHIEWCS MporpaMMme 3aJaluTe «BXOJHYIO» IIE€PEMEHHYIO,
HEOOXOAUMYIO IS 00BsBIICHUs] mporpamMmbl B riaaBaoM POU (puc. 3.17). B
TEKCTOBOM I10JI€ BBEJIUTE CIAEAYIOIINE CTPOKHU:

PROGRAM VIS
VAR_INPUT

STARTGO:BOOL;
END_VAR

L CaDeSys - (Untitled)* - a

®aiin Mpaska [Mpoext Beraeuts [Jononwedns Ownadin  OkWo  Cnpaexa
el = el R e e e e e e s i = R =1 = N R s
=T | = PLC_PRG (PRG-LD) [=E=] ® Global_Variables| = || = |5

@ 0001|PROGRAM PLC_PRG ~ 0001|VAR_GLOBAL
@ WIS [PRG) 0002/VAR_INPUT 000; M1.BOOL;
000! 000: M2:BOOL;

000, XINT,

noni 1T

KKBOOL;
OOOEENS"ESOL o, VIS (PRG-SFC) =8B

0004 STOP:BOOL,
5
0007]
nooal 0001[PROGRAM VIS

GOBOOL;
< 0002)VAR_INPUT

oo

KK

[

0002

[

Init

ERER =R < >

[ OHMAWH [34M INPOCMOTP

Puc. 3.17. Onucanue BXOAHBIX NepeMeHHbIX B POU Bu3yau3anuu

4. Ilepen HanmmcaHWEM KoJa JIJIs 3TOM IPOTpaMMbl CHayajaa HeOOXOIUMO
onucarb ee B raBHoi nporpamme PLC_PRG. [Ins 3Toro Hy>kHO BEpHYThCS K
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HeM, JBaXJbl HAKAB B JICBOM 00JIACTH dKpaHa Ha COOTBETCTBYIOIICE HA3BAHHE
MIPOTPaMMBL.

5. Tpebyercs co3marth emie OJHY BETBh M pPa3MECTUTh Ha HeEH
«DyHKITMOHANBHBIA OJIOK». B mosBUBIIEMCS OKHE HEOOXOIWMO BHIOPATH
BKIanKy «[lonp3oBarenabckue mporpamMmbiy u mporpammy «VIS (PRG)» (puc.
3.18).

L) CoDeSys - 1.pro* - [PLC_PRG (PRG-LD)] -
% Caiin Mpasca Mpoexr Beraswts  [Jonoawenna Ownaiin Oxro  Cnpaska p—
Bl BEednsm » ek e <] | ] ole|e|| o)|2E8] /|

| [0001PROGRAN PLC_PRG
A POU VAR_INPUT

u]

[ | 0003 KKBOOL
WIS PRG) STOP:BOOL;
000! GO:BOOL; AccucTeHT BBOAA H
0008 REBOOL
0007|END_VAR %ﬁnﬂaw—«b\eqﬂyHKuMoHaanme 33 Noneaosareneciye Nporpavel 0K,
wora
< ~[#] PLC_PRG [PRG) 3
| Ormena
[poo1
KK STOP M2 GO
—/1 1/} 1/t f —
m
I

8TOP M1 R

KK E
H/l—m—m—[: z— —
Mz

I Crpysryprio

{0003

Puc. 3.18. Co3nanue Tperneii BeTBU B 0cHOBHOM POU 11t pyHKIIMOHUPOBaAHUSA
POU Busyanuzaunuu

[Ipu sTOM AOMAKEH MOSBUTHCS (DYHKIIMOHAIBHBIN OJIOK C 33JIaHHBIM B HEM
nepemeHHoit STARTGO (puc. 3.19).

LY CoDeSys - (Untitled)* - o IER
Fedn Mpssea  Ngoest  Borpsamy pnamgvies  Uviagde Dwng Onpases
e e e e Y e I e - T e e T T C T Y
= | [® PLC_PRG (PRG-LD) f= ER | % Global Variables| = | & | i
o T | saodrrocrsu FLE_PRS - BOUY A _GLOBAL
] s PR R_HPUT B0
KRBOOL g MFBOOL
STOP-BO0L KT
GOROOL YT
RE BOOL = @ =
END_WAR
S sTop uz oo u i
A —/ [ ()
1]
=
W ST0E ut RE [T+
{71 i/ 17t i1 i}
l “J |
L
]
WIS
STARTGD
L ¥
N f! E : “ »

Puc. 3.19. ®yukuuoHanbHblii 6,10k POU Bu3yaim3anuu
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6. Bepuutech k mporpamme «VIS (PRG)». B obiactu QyHKIUH HaXKMHUTE
Ha Haamuch « TransOy. Ilocne Toro, Kak OHa BBIAEIUTCS IYHKTUPOM, IO LICHTPY
BBEpXY BbIOEpUTE «AJIbTEpHATUBHAS BETBB (cripaBa)» (puc. 3.20).

Bl flelednisEn & leomE o - miefallmE|vls] o

DODA[PROGRAN VIS
=G 0002)VAR_INPUT
bR 0003 STARTGO:BOOL;
o W15 [PRG] D0D4{END_VAR

0005

0006

_(

Init

>
Init
%

%gaﬁn MNpaeka Mpoekr Berasute Joncanenwa  Ownan Qwkno  ©

2|8 B8 ElSE{R| & [E|@|m|H o

D001[PROGRAM VIS
3 Pou 0002)VAR_INPUT

18] 0003 STARTGO:BOOL;
------ W15 [PRG) 0D04|END_VAR

0005
0006

£

W

—Transi

>

—Trans

Init

Puc. 3.20. Co3nanue BTOpO# napasieibHON BeTBU B MPOrpaMMe OMUCAHUS
BU3yaJM3alUU

JleBass BeTBb OyneT 3ajaBaTh Bpallalolleecs JBIKCHHUE IBUTATENS MO
4acOBOM CTpPEJIKE, a ITpaBasi — MPOTUB YaCOBOM CTPEIIKHU.

7. C nomompr «lllar mepexom» Ha NOJyYMBUIMXCS JBYX BETBSX
co3jaiTe 1o mATh 1maros (puc. 3.21).
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— Tramss

St 2

— Trar=s
=T

—t TrarsL
T}

— Trarm==
e _a k]

—Trar=z
S

=t TS

— Tram=11
= gl

— TramsA0
=l

=t TS
]

— Trars=s
i

—Trar=T
=5 P

=t TrErs1

g =

Puc. 3.21. lllaru nporpaMmMbl BU3YyaJIH3alHH



8. Ilepeumenyiite mepexonbl «Transé» u «Trans/i» B «MI» n «M2»
COOTBETCTBEHHO, YTOObI AKTMBUPOBATh BETBH NIPH TI0Jaye MHUTAHHUS Ha

karymku M1 u M2 (puc. 3.22).

%

— PROGRAM VIS

Init

— M1

Stepd

—M2

Stepll

Puc. 3.22. YcioBue BbI00OpA HANIPABJIeHUS BPallleHUsI 00beKTa

BU3ya/IM3allMH

9. IlepenmeHyiTe IIard, COTJIACHO BBITOJIHSAEMOTO UMHU JIEHCTBUS (pHLC.

3.23):

«Step6» - «<RIGHTGO»
«Step5» - «kDOWNGO»
«Step4» - «KLEFTGO»

«Step3» - «UPGO»
«Step2» - OcraBbTe 0€3 U3MEHEeHUIt

«Step11» - kDOWNRE)>
«Step10» - <KRIGHTRE)»

«Step9» - «<UPRE»

«Step8» - «LEFTRE»

«Step7» - OcraBbTe 0€3 HU3MEHEHHH
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%

— PROGRAM VIS

—T-M1 —S-MZ
RIGHTGD DOWMNRE

==Trans 5 =t=Trans1l
DOWNGO RIGHTRE

b Tran g e TrARR S
LEFTGD UFRE

et Trging 3 == TrRnEE
UrRGO LEFTRE

—Transz —=Trans?
Step? Step’

—Transi —Trans1

>

Puc. 3.23. HazBanue maros

10. 3anporpammupyiite maru. Jaxael menkaute no «RIGHTGOy». B
OTPBIBILIEMCSI OKHE BBIOEpUTE SI3BIK peanu3auuu «ST» u Haxmute « OK» (puc.
3.24).
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i

] VIS (PRG-SFC)
__ PROGRAMVIS
Init
M1 M2
................................................ Hoeoe nelcTeme
RIGHTGO DOWMNRE
A geficTEnA: DNecrewe RIGHTGO
L
—+Trans 3 —+Trans10 LD OTrena
" FBD
DOWMNGO RIGHTRE C SFC
+ 5T
" CFC
—+Trans4 —+Trans9
LEFTGO UPRE
—Trans3 —Transa
11O | CCTDC

Puc. 3.24. Co3nanue nporpamMm /JJisi BbINOJTHEHUSI 00bEKTOM BH3YaIU3aLNU
He00XOAUMBIX JIeiicTBHIl

11. B texkcroBoM nose 3anporpammupyiite mar «RIGHTGOy». Beenure
CTPOKHU:

IF M1=TRUE AND Y=0 THEN
X:=X+1;

ELSE RETURN;

END_IF

3nech ucnoasdyercs ycinosue IF (ecim), 1.e. ecniu M1 — BepHo, a Y =0, To
BBIMONTHSIETC KoMaHga X:=X+1 (yBenuuuBaeTcs koopauHata 1o X), TeM
CaMbIM BBITIOJIHSISL JABWKEHUE BrpaBo. Ecim XOoTs Obl OJHO U3 YCIOBHM HE
BeInoTHsAeTC, TO KomMaHmod RETURN mpoucxomur Beixom uz «RIGHTGO»
(puc. 3.25).

CkopocTh M3MEHEHUsI KOOPJWHAT (BpAlllCHUs JBUTATENs]) MOXKET OBITh
M3MEHEHa MyTeM 3a7anus Oosbliero, yem 1, uncna. Hanpumep: X:=X+10.
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Puc. 3.25. On

® Neiictene RIGHT (ST - MA.. | = || @ |23
000F M1=TELE AMDY=0 THEM
00020 =X+1:

D003 ELSE RETURN:
Q00YEMD _IF

HCaHUe MepeMellleHus1 00 beKTAa NMPH IBUKEHUN BIIPABO
10 YaCOBOil CTpesIKe

12. Tlocne »Toro aABakapl INMENKHUATE 1O «1ransy, TeM caMbIM BBI
3anporpammupyere Beixo u3 1mukia «RIGHTGO». 3neck BbI JOMKHBI 33/1aTh

YCIOBUS, IPA KOTOPBIX

MIPOUCXOJIUT MEPEXO/] Ha CAeayrourid mar (puc. 3.26).

JIBax /bl HIETKHYB 10 « Transjy, B BBINAJAIOIIEM OKHE BBIOMpANTE SI3bIK
«ST» u menkaiire « OK».

B TexcToBOM mosie HEOOXOIUMO BBECTH

X=100 OR Y<>0 OR M2=TRUE

%

0001
0002
0003
0004
0005
0008

X=100 OR ¥==00R M2=TRLE

Puc. 3.26. 'panuyHOe yCcJja0BHE NPH IBUKEHUU BIIPABO

3IIGCB 3a4ar0TCA TPH YCIIOBHA IICPCXOJa Ha CJ'IGI[}’IOIHI/Iﬁ mIar.

° JIIOCTH KeHne nkcoM 3HadeHus 100;
o ecinu Y He paseH 0;
o KaTyika M2 aKkTUBHA.

13. Ilo ouepenu mporpaMMHpPYETCSl KKIbIA IIAr W YCIOBHUE MEpexoia

(puc. 3.27):

«DOWNGOy —

IF M1=TRUE AND X=100 THEN

Y:=Y+1;
ELSE RETURN;
END IF
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ITepexon 4 —
Y=100 OR M2=TRUE OR X<>100

«LEFTGO» —

IF M1=TRUE AND Y=100 THEN
X:=X-1;

ELSE RETURN;

END IF

ITepexon 3 —
X=0 OR Y<>100 OR M2=TRUE

«UPGOy —

IF M1=TRUE AND X=0 THEN
Y:=Y-1;

ELSE RETURN;

END _IF

ITepexonm 2 —
Y=0 OR X<>0 OR M2=TRUE

«Step2» — HE TPOT'AEM! Ecnu TpoHY/IHM, TO HaKUMaWTe MO HEMY
paBOi KHOIMKOW MBIIIH U BbIOUpaiTe «OUUCTUTH ACUCTBUE/TIEPEXOI».

[Tepexon 0 — Ilepenmenyiite « TransO» B TRUE.

«DOWNRE» —

IF M2=TRUE AND X=0 THEN
Y. =Y+1,

ELSE RETURN;

END _IF

ITepexon 10 —
X<>0 OR Y=100 OR M1=TRUE

«RIGHTRE» —

IF M2=TRUE AND Y=100 THEN
X:=X+1;

ELSE RETURN;

END IF
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[Tepexon9 —
X=100 OR Y<>100 OR M1=TRUE

«UPRE» —

IF M2=TRUE AND X=100 THEN
Y:=Y-1;

ELSE RETURN;

END _IF

[Tepexon8 —
X<>100 OR Y=0 OR M1=TRUE

«LEFTRE» —

IF M2=TRUE AND Y=0 THEN
X:=X-1;

ELSE RETURN;

END IF

ITepexon 7 —
X=00R Y<>0 OR M1=TRUE

«Step7» — HE TPOI'AEM! Eciu TpoHynIHM, TO HaXHUMaWTe MO HEMY
paBOi KHOIMKOW MBIIIH U BbIOUpaiTe «OUUCTUTH ACUCTBUE/TIEPEXOI».

ITepexon 1 — Ilepenmenyiite « Trans/» B TRUE.

OOparuTe BHMMaHWE, KOTJa MPOTrPaMMHPYETCS IIar WIA IepPeXoJ, TO
nosiBiisieTcs 4epHwld TpeyronbHuk. Hanmuer «TRUE» mnocne nanmcanus
IIPUHUMAET KPACHBIN LIBET.

Ilpumeuanue:

3aoams  Oeudicenue mena ModHCHO Opyeum cnocooom. He uzmenss
Koopounamy no ocam X u Y, umumupys 0sudiceHue no Keaopamy, d UMeHsis
yeon komanooti Ang:=Ang+1.0, 3adasas mpaexmopuro 08udxiceHus no Kpyey.
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-
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Puc. 3.27. OxonuatenbHbiii Bua1 POU Bu3yaauzanuu



3.3.3. Co30anue su3yanuzayuu

1. CoznmaiiTe OKHO C BuU3yanu3aluei. BpiOepure BKIAIKy B JIEBOM
HIWOKHEM yriay «Busyanuzanus» W B JIeBOM 00JIaCTM SKpaHa HaXKMUTE
«Jlo0aBuTH HOBBIN 00BEKT». B mosBHBIIEMCs OKHE BBeauTe uMs. Hampumep,

«GO» (puc. 3.28).

o, CoDeSys - 1.pro* =

®aiin Mpaeka Mpoewr Beraeka [ononwenna  Ownain  Oxwo  Cnpaeka

BlelE| D@ e e - T Ealel

N % VIS (PRG-SFC) =1=1C

DOO0AIPROGRAM VIS
<

GO =5 =R )

HEEEEEEE
EEEEEEES

o
=)
=)

000

3arpyaka GuGnuoTeku
3arpyaka GnbnuoTekn

oDeSys V2 3\Libran\IECSFC LIB -
eSys V2. 2\Library\ANALYZATION.LIB

[ %383y 341 [Frewerr [Mpsmouronens [BHAARH [3&M [TPOCMOTE
Puc. 3.28. Co3nanue 00beKTa BU3yaIU3aAIUU

=N~
oo
0 o
o o

EX

2. C nomol1bto UHCTPYMEHTOB «IIpsSAMOYTONBHUK» U «DJUTUIICY CO3TanTe
YeThIpe KHOMKHU U ABMKUMBIN 00beKT (puc. 3.29).

L CoDeSys - 1.pro* - a

®aiin Mpaska [Mpoext Berasea [Jononvenna Onnaiin  Okwo  Cnpaska

el R e N e N e W el = 1 P e P P e e

(ST
=[]

o = e ER T =

% VIS (PRG-SFC) [=ree
DO0AIPROGRAM VIS
<

EEEEEEEER
EEEEEEEE

o
e
=)

3arpyaka Gnbnnotekn ‘D38 SoftwarelCoDe
3arpyaka GuEnnoTekn ‘D138 Software\CoDe:

V2.3\LibrarIECSFC.LIB
2 3WLibrary\ANALYZATION LIB

[®B22v: 241 [Fnemer: [Faminc [ORNEAH [3&M MPOCKOTP
Puc. 3.29. Co3nanue KHONOK yNpaBJieHHs
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3. JIBaXKIbl LIETKHUTE IO OAHOMY M3 IPSIMOYTOJIBHUKOB. B mosiBuBIIEMCS
OKHE BbIOepuTe BKJIaAKy «Tekct». B mpaBoiif 4yacT B TEKCTOBOM TOJIE BBEIUTE
Ha3BaHUE KHOMNKHU (puc. 3.30).

L CoDeSys - 1.pro* =

a
®aiin Mpacka [Mpoext Beraeka [ononHenna Ownaiin  Okvo  Cnpaska
el = sl e R e e s e Y [ =1 =] e o e % e S
EE— =T
o > VIS (PRG-5FC) ==
—= D00AIPROGRAM VIS
L <
0] =—=
=
00
00 KondurypvposaHue 3nemenTa (#0)
ood w
00 ——
000 [ Karerapua (== =]
=] Era—
— col Lol
000 - B TekCTa Crpoka 2 N
Witpura maris J M N
ABE“ TOPHEOHTE/BHDS BbIPAEHHESHIAE
[
Nonookenme " Bpeso & Mouermpy " Bopaso
[ Depopmawin
T || | Repsmertee BepTansHos BpasHUBarS RSN i
— Beon C Beepx O Mousmrpy O Brws | | bee.ooooooiiliiTiiloon ool
Teket noackasim
BesonacrocTs -
= TpOrpaMMUpYEMOET b Wpng. Crarnaprhet
000 s
M DLl
S
{=
<
3arpyaka GuGnuoTekn ‘D38 S 2 3\LibrarlECSFC LIB ~
3arpyaka Ondnnotekn DA3S S V2. 3\Library\ANALYZATION. LIE
— v
e =N < >

[ [%7728¥" 43 Fnever 80 [Sonanc [ORAEAH [36M [FOCMOTE
Puc. 3.30. [IporpammupoBanue kHonku GO

4. CHoBa cpenaiiTe IBOMHOM IIENMYOK MO 3TOM KHOmKe. BriOepute
BKJIAAKY «BBOom». B mpaBoi 4acTu MOCTaBbTE TaKy HanmpoTuB «llepeMeHHas
KHOINIKa» W LIEJIKHUTE JIEBOW KHOIKOW II0 TEKCTOBOMY IoJir0. Haxmure Ha
KJIaBuaType KHOINKYy «F2». B HoBOM okHe BbIOepuTe mepeMeHHyr «GO
(BOOL)» u mHaxxumaem «OK» (puc. 3.31, puc. 3.32).

L CoDeSys - 1.pro* - a
Oaiin Mpaska [Mposkr Bevaeka flononnenun Ownalin  Okwo  Crpasea
el L= Tl e e e I e ) N [ =] o os
®e VIS (PRG-5F) ==
= 57 0001 PROGRAN VIS
<
Komdwrypuposarie anemenTa (#0)
[=r=]r=]
oK. .
[
ACCHCTEHT BBOAA
‘3 BepaxenuAnpochoTpa
- Global Vaiiables
@ M1 BOOL) M
% M2(B00L)
@ XINT)
aaaaaaaaaaaaa - YINT)
B[ PLC_PRG (PRG)
?
" 4 KK@OOL]
% FE BOOL)
 STOP(BOOL)
VIS (PRG)
5 V2 3\LibranIECSFC LI
3a s V2 3Libran\ANALYZATION LIB
JEI R = I - I

i ¥ Crogcrypro

Puc. 3.31. [IpuBsizbiBanue KHONKHA GO K COOTBETCTBYIOIIEMY KOHTAKTY
(mepBoe 1UATOr0OBOE OKHO)
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k.aTeropua

P opkia

Tekct

Bua tekcTa

I MpHA AAHMHK
leeTa
MNepereHHBIE LEETA
MNonoxerye
Hedopraaumna

HEEEMEHHI:-IE

TekoT noackaskM
bEesonacHocTe
MNparpatarddpyerocTe

KoHpurypywpoeaHue 3nemeHTa (#0)

EIKlé
_Omee |

—Beon

[T Nep-a nepermoueHka I

¥ MNepereHHan-kHoNKE IF'LE_F'FIG.GEI

OTreHa

[~ Hamarme FALSE

[™ Nepexon & Btz I

=

[ Ebin. nporpass: I

[T Beoa & nepemenHyio ‘Brie_Tekcta'

Mir: I—
——

ITEKDT

[T Crpemem wpbdax:

Jarnaeue naHenM;

Puc. 3.32. [IpuBsizpiBanue KHONKU GO K COOTBETCTBYIOIIEMY KOHTAKTY

(BTOpOE N1MAJIOT0BOE OKHO)

5. AHQJIOTMYHO CO3/IaiiTe KHOMKHU «PEBEPCH U «CTOM», BBIOMpAs IPU ITOM
nepemerabie «RE» u «Stopy (puc. 3.33).

%

CoDeSys - 1.pro*

®aiin [paska Mposkr Beraska Jononwewma Opnain Owvo  Crpsska

e T N e e =) P F W o 9 e

3arpyaka Gnbnnotekn 'D\3S Software\CoDeSys V2. 3\Library|ECSFC.LIB' ~
3arpyaka 6uBnuotern ‘D38 SoftwarelCoDeSys V2.3\Library ANALYZATION LIB"

R 329, 188 ne

06.11.2015

Puc. 3.33. [IporpaMmMupoBaHue KHONOK yIIPaBJIeHUs

6. Co3pmaiire kHONKY «KK», OTBeHaollyr 3a pabOTy TEIJIOBOrO pele.
Coznmaiite ee ananoruyHo kHomkaM «GOy, «Pesepc» u «Crom», OIHAKO

CIEAyeT BO BKIJIAJIKE

«BBom» BwIOpaTh He «llepemeHHass KHOIKay,
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«Ilepemennas mepekitoueHus’». HeoOxoaummo 3TO 1 TOro, YTOOBI
MPUOM3UTE PAOOTy MPOrpaMMBbI K paboTe TemioBoro pene (puc. 3.34).

L] CoDeSys - 1.pro* - a
@siin Mpaska [Mpoext Berasks Jomonenws  Ownain Okwo  Crpasks

e == T e o e e === P o o S = o [ o el =

% VIS (PRG-SFC) ==
- GO 0c ==
-3 D00AIPROGRAM VIS
N <
oo
o ]
o EX
oo Konourypupoeanwue snementa (#3)
o0 m
o Kareropua .
g Fopma R 0K
| gem W Meps nepexnoveris | PLC_PRG KK Lm® ]
000| Temas ua TekeTa
= Wipsiria mran I™ Meperermasgronka iners
) Ueera
Monowerne
_ I~ Heperoa 6 sus
_L I Ben mporpare o
. porp ocTs
00| T [Texer Mir [
v
3arnasue naHen:
Trenaz
{=>
<
3arpyaka Gudnuateku 'D13S S &5ys V2 31LibraIECSFC LI "
3arpyaka Gnonuoterm DS S 0DeSys W2 3\Libra\ANALYZATION.LIB
—— v
] = < >

I [« 41.¥: 4 [Gremerm#3  [Gnnne [OHNEAH [254 [TPOCMOTP

Puc. 3.34. [IporpammMmupoBaHue TENJIOBOI0 peJie

7. 3anporpammupyiTe Bpamaromeecs teno. [lenxkanre no HemMy ABaK bl
Bribepere Bkimanky moniokeHue. B mosummsax «X» u «¥» ¢ momomipio «F2»
BbIOEpHTE TJI00ATBHBIC IEPEMEHHBIE «X» U «V» (puc. 3.35).

%

CoDeSys - 1.pro* - a

@aiin Mpaexa Mpoext Beraska Aenonkenns Ownaiin  Oxno  Cnpaeka
BB BleledaEdm bR o < [F
E— =
-0 O‘; L VIS (PRG-SFC) (==
—= 00AIPROGRAM VIS
L <
L
L
L .
ooc KongurypuposaHue snemenTa (#4)
00 R —
o [ EIE=)
nd [T r— o |
— % R
200, CasirnoX: | Twea [ |} -0 0ooiirinininiiion
Cosrroy: [Y | DLttt
Macurrat:
eHHsie
Bern Uron — AccucteHt BBOgA I
TeKeT Noackaskl
BeonacHooTe Sbi0aHEHAA NpOCHOTDS {3 Bripaena npochorpa [i13
W MporparvHpYEMocTE E . Global_Variables =
i M1E00U
% M2(B00L)
@ XINT)
i EY 7 (INT)
B-[f) PLC_PRG (PRG)
(€] WIS PRG]
000|
<
3arpyaka GMGNUOTE! 0DeSys V2 J\LIbranIECSFC LIE
3arpyaka GuGNUOTE! 0DeSys V2 3\LIbranANALYZATION.LIB
R =NER <

[ ¥ CrpucypHo

Puc. 3.35. [IporpaMmmMupoBaHue ABHKYIIET0Csl 00bEKTA

8. CozmaiiTe BH3yalu3allui0 HaxaTus KHOMOK. Mcmosb3yilTe npu 3ToM
MPSIMOYTOJIbHUKH WK 3JUTUTICH (puc. 3.36).
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- o EEM

L CoDeSys - 1.pro*
Daiin TMpasxa Mpoexr Ber ononme Oxwo
=H]| @I®I'+II_|§@J %Ihlal lﬁ T malosl s
B LY PLC_PRG (PRG-LD) [= '@ |[=] % Global Variables[ = |[& |[&
0001|PROGRAM PLC_PRG 0001/VAR_GLOBAL .
0002\VAR_INPUT M1:BOOL;
0003  KK:BOOL: MZBOOL;
0004 STOPBOOL; XINT;
0005 GO:BOOL: YINT;
0008 REBOOL; [D00B|END_VAR
DOOT|END_VAR
0008 >
— < >
w01 = Go (=] =]
W
— ‘ Go ‘ ‘ RE ‘ sTOP ‘ KK ‘
2002 i SEREEES EEREE EEREE
) O
W
—
<
el =HER < N
I % B0V 162 [Fremen [Fipavoaroscrn [OHTAVH [360 [TPOCMOTE

Puc. 3.36. Co3nanue Bu3yaan3anuu padoTbl KHONOK

[IlenkHYB IBa)KIBI MO MPSAMOYTOJBHUKY Mo KHOTKoW «GOy», mepeianTte
B Kareroputo «l[Beta». BeiOepure 1BET 3aJMBKM B HOPMAJbHOM PEXUME U B
TPEBOXXKHOM. Hanpumep, LIBET HOPMAJILHOTO PEXKUMA «3EJIEHBIN», a TPEBOKHBIN

— «kpacHslii» (puc. 3.37).

L) CoDeSys - 1.pro* - a
©aiin Mpaska Mpoexr Beraska [ononvenma  Otnaiin  Ono Cnpasa
Jl@ﬁi%g@ hﬂ IR N S =l 4
—_——
% PLC_PRG (PRG-LD) [=|l= = | % Global_Variables [ = | = ][=
0001|PROGRAM PLC_PRG (000 VAR_GLOBAL
0002|VAR_INPUT (0002 m1:BOOL;
0003 KkBOOL: M2:BOOL;
0004 STOP:BOOL, (0004 xINT,
0005 GO:BOOL; [0008  YiNT:
0008 RE:BOOL, END_VAR
0007|END_VAR
[ KondurypuposaHue anemeHTa (¥5) >
“nanal
| <
ot = User. ===
K Ama (i | Crmens \
] R ‘ GO ‘ ‘ RE ‘ STOP  mpoon I mpozpas
R . A ﬂmumau
------ Bl O 0 [ [repevmrmee T
Beon
o002 Texcr nanckasi
BE30nacHocTs 3aniexa M
Mpor
) O
0003
[— DLl L ——
-
= E ] |l )
[X 124Y. 84 [Brewenr #5  [Mpavouronora [JANERH [38M [MPOCMOTE

Puc. 3.37. OnpenesieHne HBETOB HOPMAJIBHOI0 M AKTUBMPOBAHHOI'0 PeKUMA

KHOIIOK

[Tocne sroro mepeiinute B Karteroputo «llepemenurie». Bribepute B
napametpe «M3m. [[Beta» kHomkou «F2» nepemennyto «M1» (puc. 3.38).
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%

Gsitn Mpaska Mpoext Bcrasxa [ononwernn  Ornaii Oxno  Crpaska

CoDeSys - 1.pro*

=1 “3|@|“|‘II_Ié‘@J %Ihlal lﬁ =

(=] Brisyamizauim L9
0001|PROGRAM PLC_PRG

0002\VAR_INPUT

0003 KK:BOOL
0004 STOP.EOOL;
0005 GO:BOOL;
000§ REBOOL
0007/END_VAR

000¢]

o«

0001 =

0002
K
— {
foos
—

<

Kareropus

Papia

Teker

Bua TekcTa

WnpkHa AHKI

Ueera

Meperetsie upeTa
onoieHE

Beog,
TeKeT noackaskl
BesonacHocTe.

- |Nporparmupyeracets

PLC_PRG (PRG-LD)

KoHdurypuposaHue anemeHTa (#5)

[= I[=][="| % Global Variables[ = |[& | &
.

M1:BOOL;

M2:BOOL,

KINT;

display

Fasmep koga: 10 Gaifr

TrEET ||

Nepemerttie oK )
Hesuguraocre |
Ormena S =]=]
[T — L
s ‘ ...............
n 7 E—
ﬂeﬂ)OEMéuMR CEEUBEES
s r ] ACCUCTEHT BEOAA
Care
Ease - JbipaxeHiA TpoctoTha {3 BupakeriA npoctioTpa
onversian .
faelor ] &4 GlbaL Vaiats
Moackaska: [°] 1 (EOOL)

= @ M2([B00L]
@ R(NT)
@ Y(NT)
B[] PLC_PRG [PRG]
@ GO(BOOL)
@ KK(BOOL)
~ @ RE ([BOOL)
@ STOP(BOOL)
YIS (PRG]

Puc. 3.38. [IporpammupoBaHune U3MeHEHUsI LIBETA KHOMOK
B 3aBHCHUMOCTH OT COCTOSIHUS KATylIeK

3.3.4. 3anyck npozpammot

1. B BepxHel UEHTpaJbHOM 4YACTH OHKpaHa HaxmuTe «OHIANH» U
MIOCTaBbTE TANKY HaJ «PeXuM dMyISIHAN».

2. 3arem B «Onnaiin» BeiOepuTe «I10aKITIOUUTDY.

3. B «Ounaiin» Beioepure «CtapT» WM NPOCTO HAXXMUTE Ha F5.
4. B pexume sMyJsiiud MOKHO HaOXKMMAaTh Ha KHOMKK M HaOIIOJaTh 3a

paboToi IpOorpaMMBl.
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4. Ilpakmuueckasn paooma Ne 2
PEAJIM3ALIUSA PABOTBI ABP HA KOHTPOJUJIEPE PLC 150.1-M
(CODESYYS)

4.1. KpaTkue TeopeTH4ecKue CBeACHUS

OcHoBHBIE TpeOOBaHUS K CXEeMaM aBTOMAaTHYECKOTO BBOJAa pe3epBa
(ABP) cexumonnoro Beikmouates (CB) (ITYD, m. 3.3.30 — 3.3.42) [7]:

1. Cxema ABP pomxHa npuxonuTh B ACUCTBUE NPU UCUYE3HOBEHHH
HalpsDKEHUsT Ha IIMHAX TMOTpedJieHus Mo 0ol mNpuuyuHe (aBapuiiHOE,
OmMMUO0YHOE UITH CAaMOIIPOU3BOIFHOE OTKIIIOUYCHHE Pab0dero HCTOYHHKA),

2. Jlo oTkmodeHHs pabodero MCTOYHHMKA PE3EPBHBIM HCTOYHHK HE
JIOJKEH BKJIFOYAThCS BO M30eKaHue ero BKiIoueHus Ha K3;

3.  Jlnsg ymeHbIIeHUS ITUTEIRHOCTH TIepephIBa MUTAHUS TIOTPEOUTEICH
BKJIFOUCHUE PE3EPBHOTO HCTOYHHMKA IMUTAHUS JIOJDKHO IMPOM3BOIUTHLCSA Cpasy
MOCJI€ OTKJIFOUCHUS pabouero UCTOYHUKA,

4, Jeticteue ABP 10kHO OBITH OJTHOKPATHBIM, UTOOBI HE JOIMYCKaTh
HECKOJILKMX BKJIIOUEHUN PE3epPBHOI0 HCTOYHUKA Ha HeycTpaHusieecs K3.

5. Jlna neiictBust ABP npu MCY€3HOBEHUH MUTAIOIIETO HAIPSHKEHMUS,
HE COMNPOBOXKIAIOIIETOCS OTKIOUEHHEM BBIKJIIOUATENsI pabovyero MCTOYHHUKA,
cxeMa ABP nomkHa JOMOJHATHCS MYCKOBBIM OPraHOM IO HANPSDKEHUIO U
(1K) Mo YacToTe.

6. Jng yckopeHHs OTKIIOUEHHS PE3ePBHOIO HMCTOYHHKA TPH €Tro
BKJIIOUCHHM Ha HeycTpaHuBiieecs K3 10/bkHO npenycMaTpuBaThCsl YCKOPEHUE
3allIUThl pe3epPBHOIO0 UCTOUHMKA rociie ABP.

7. Cxema ABP He nomkHa JedcTBOBaTH MPU  OJHOBPEMEHHOM
MCUE3HOBECHUH HAIPSDKEHUS Ha 000UX UCTOYHHUKAX ITUTAHMUS.

8. JleiicteBue ABP pommkHO OBITH corjiacoBaHo ¢ JaeiictBueM P3 u
JPyrol aBTOMaTUKH IIPaBUJIBHBIM BEIOOpOM ycTaBok ABP.

9. Cxema ABP nomxHa npeaycMaTpuBaTh OJJOKMPOBKY JACHCTBHUS.

B cxeme nHa IIC nBa BBoanbIX BhIKIIoUaTelrss Q1 m Q2 u ceknuonnsli Q.
Ha xaxmoit cekmuu TpaHcgopmaTopbl HampspkeHus TV1 m TV2, xoropsie
MUTAIOT pejié MUHUMAJIBHOTO HamnpsokeHus. [Ipy yMEHbBIICHUH HampsDKEHUS
HIDKE 3aJaHHOro YypoBHS OHU cpabarteiBator. KV1, KV2, KV4, KV5 -
OTCJIKUBAIOT HamnpsbkeHue Ha padbodyem ucrounuke, KV3, KV6 - nanpsokeHue
Ha PE3epPBHOM HMCTOYHUKE.

Ha puc. 4.1 uzo6paxxena cxema ABP nByxcTopoHHEro aeicTBusl.
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71 T2 . ]
A?P KVé KT1
| Kvi KV2? = |
01 0 Q2 I ¢
|
1CII - 2CHI I K71 Q1 YATI
SA
2
V1 Kvi KVS ;V‘? Krn2
. ™~
oT K12 02
VI | » 2 ur |
- - KB
o1 0 ¥4C
.
KV1i KV2 KV3
02
™~
oT
Q1 02
V2 l s s KB

KV4 KVs Kve

Puc. 4.1. lIpunnunuajbHas cxema ycrpoiictB ABP Ha cekIluOHHOM
BBIKJIIOYATEJIE!
KV1, KV2, KV4, KV5 - pere MUHUMaIbHOTO HaIPsHKEHUS pabodyero NCTOYHUKA,;
KV3, KV6 - perne MUHUMaIBLHOTO HaNpspDKeHUs pe3epBHOTo ncroununka; Q1, Q2, Q -
BCIIOMOTaTeNbHBIM KOHTAKT BhiKItovatens; KT1, KT2 — pene Bpemennu; YATL, YATZ2 -
KaTyliku oTkiIroueHus Beikimouareneid Q1 u Q2; YAC - kaTymika BKIFOYCHHS BBIKIIOYATEIS
Q; KB - pene 61okupoBouHOE (pesie OJHOKPATHOCTH BKIIOUCHHS); SA - KITFOY yIIpaBICHUS
(IepexITroyaTes )

Omkniouenue 00H020 U3 evlKI0OUaAmeI1e

[Ipu otkmtoueHun oxHoro w3 BeiKIrouaTtesne Q1 umu Q2 pasmbikaercs
koHTakT Ql (umm Q2), OnmoxkupoBounoe pene KB tepsier murtanue. Ero
3aMBIKAIOIIMNA KOHTAKT C BBIJIEPKKON BPEMEHHM Ha pa3MbIKaHUE Pa3MBIKACTCS,
HO CUTHAJI yCIIE€BAET MPOMTH MO LN, U KaTyIIKa BKIIOYEHHUS CEKIMOHHOTO
Boikimtouarenss YAC monydaetr mnurtaHue. CeKIMOHHBIM BhIKIOYaTeN b Q
BKitoyaeTcsi. M3-3a BBIJICP)KKHM BpPEMEHU CHUTHAJ YCIIEBaeT MPOWTH, HO
3aMBIKAIOIINM KOHTAKT «OTBAJIMBAETCS», U 1I€Mb OcTaeTcs 0e3 mutaHus. Tem
caMbIM 00€CTIeunBaETCsl OJIHOKPATHOCTH BKioueHust Q (cpabarwsiBanust ABP).

Ycnosue cpabamviganua npu ucuesnogenuu nanparcenun Ha WUHAX
nompebumeei

[Ipu wucuesnoBenun HampspkeHuss Ha 1 cam. pene KV1, KV2 tepstor

nuTaHue. Pa3MbIkaromme KOHTAKThl 3aMBIKAIOTCS U MOJAIOT MUTAaHHUE Ha pele

BpeMenn KT1. 3ambikaeTcs KOHTAKT C 3aMeJICHHEM Ha cpabaThiBaHHE U

Karymka orkiaodeHus Boikatouarens Q1 - YAT1 momywaer nutanue. Takum
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oOpa3zom BbIkIOYaTenb Q1 oOTkIouaeTcs, W Jajnee BCE MPOUCXOIUT IO
CIICHAPUIO, ONTUCAHHOMY BHIIIIC.

4.2. 3agjanue

1. Co3gaTth KOMMYTAIIMOHHYIO MPOTpaMMy IS TMPUHIMITHAIBLHOM
ANEKTpUUYECKOi cxeMbl paboTsl ABP nByxcTopoHHero aeicTBusl.

2. Cozmars Busyanuzanuio padbotsr ABP.

Hanpuwmep:

Kaonku, wmutHpytomue  cpabaTblBaHWE  pelieé  MHUHHUMAaJIBLHOTO
Hampsokenus KV1, KV2, KV3, KV4, KV5, KV6. KHonkm OTKIHOYCHUS
BeIKTIOUaTenein Q1, Q2, Q.

[Tpumep odopmiteHHs BU3yaIu3aluu cM. puc. 4.2.

6o [F=5 Eol =<~

AUTO

Puc. 4.2. llpumep untepdeiica (BU3yaau3anmnu)

3. HOI[FOTOBI/ITI) OTYCT IIO INIaHY:

o 1[eJIb paOOTHI;

° TpeOOBaHMS K CXeMaM aBTOMAaTUKH BKIoueHus pe3epBa CB;

° npuHImn aecteus ABP;

° moApOOHOE TOIIAroBOE OIMKMCAaHWE KOMMYTAIIMOHHOHN IPOTrpamMMbl
(KOHTAKTOB KaTYIIIEK peje, TaliMepOoB);

° OMUCAaHWE BU3yaIHM3alUu. bIOK cxema. AJNTOpUTM TOCTPOCHUS
BHU3yaIu3alluu;

° BbIBOJIBL. [IpeumytiectBa peanuszanuu ABP Ha KoHTposiepax o
cpaBHeHUIO ¢ ABP Ha peneitHol Joruke u T.1I.
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4.3. BeinoJiHeHHe pa6oThl B mporpamme CodeSys

1. Coznaiite HOBBI TpoekT B mporpamme CoDeSys, BbiOpaB mpu 3TOoM
onny u3 konpuryparuit [IJIK, sanpumep, «PLC150.1-My». He mensist Hudero B
HACTpOMKax I1ieJIeBoi miaTdopmsl, HaxxMute «Ok» (puc. 4.3, puc. 4.4).

Hactporkw ueneeoi nnatGopmMel

Konpurypauma:  |Mone OTreHa

FLE100.R-L
FLET00.R-M
FLC150.A-L

PLE150.4-M
FLE150.0-L

PLCT50.-L
PLCT501M |
|PLC154.4L v

Puc. 4.3. Boioop kondurypanun ILJIK

HacTtpoiku uenesoi naatgopmel “

F.oHpurypau e

Uenesan nnardopra I PacnpenensHuye nardari I D6wme I Cetesan qJ';IHKLLMDHaﬂbHDC‘TbI Eusganusauuﬂl

[ nargopraa; I Intel StrangaR b ;I
Fer. nepeoro Wenoro NapameTpa: Per. nocn. uenoro napateTpa: Fer. uenoro pezynstara:
RO =l Irs =] |ro =

¥ Mopagok Gai [ntel

Ma gManaHm:ul 0k I OTrmeHa

Puc. 4.4. Hactpoiika nesneoii niaardopmsl IIJIK

2. Beemutre B paboTy mepBbii mporpammHbiii komroHeHT POU Tuna
«IIporpammay Ha sa3bike peanuzainuu «LDy», npu 3ToM He uzMmensite «Mms
HoBoro POUy (puc. 4.5).
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Hoewll nporpamMMHeld komnoHeHT (POU)

Mraa Hoeoro POL: QK.
Tun POU Asbik peanisalA OTreEHa
{* Mporparma 7L
{7 PyHrLMOHaNEHBE Gnok. v LD
" PyHruMa " FBD

Tun pesyneTara:; " SFC

EOOL L] cst

{" CFC

Puc. 4.5. Co3nanue HOBOro NporpaMMHoOro kommnonesra POU

3. Co3naiiTe Ha JIGCCTHUYHOW JUarpaMMe d3JIEMEHTBI, HEOOXOAUMBIC IS
paboTel mporpamMMmsbl (puc. 4.6). Micrions3yiTe Takue 3JIEMEHTHI, KaK:

® KOHTAKT;
® VHBEPCHBIM KOHTAKT;
e MapajuieJIbHbI KOHTAKT;
® [1apajuIeJIbHbIA UHBEPCHBIM KOHTAKT;
® KaTyuika,
e TaiiMep (HaxOAUTCS B TOU )K€ CTPOKE, HO OJIMKe K KOHILY).
= ) ) CoDeSys - (Untitled)*
B = ey A e e e - < e e R L e R e M 3 o e e
%‘ %F’ROGR&MF’LC PRG il EI\EAI
A A v - ;
_|I Lif: LI . F’TET \)_
/|
il —T =

0003

0004

— 1 Py o j {1
7774PT ET}
/|
,

S — O

0005
— / / (—
/
0008
— @ 9 (]
277 T ET|

< >

Puc. 4.6. HaneceHue 3/1eMEeHTOB 3JIeKTPUYECKOH cXeMbl B IpOorpaMmme
Ha 13bIke LD
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4. OnuuTe ucnoiab3yembie nepemenHsie B mporpamme PLC_PRG (puc.
4.7).

PROGRAMPLC PRG
VAR
KV1: BOOL:=TRUE;
KV2: BOOL:=TRUE;
KV3: BOOL:=TRUE;
KV4: BOOL:=TRUE;
KV5: BOOL:=TRUE;
KV6: BOOL:=TRUE;
T1: BOOL;
T2: BOOL;
KB: BOOL;
TOF1: TOF;
TON1: TON;
TONZ2: TON;
END VAR

Onummre rinodanbHble iepeMennbic B Global Variables.

VAR_GLOBAL
Q1: BOOL:=TRUE;
Q2: BOOL:=TRUE;
Q:BOOL;
YATL1: BOOL;
YAT2: BOOL;
YAC:BOOL;
AUTO: BOOL,
END_ VAR

% Cc
®aiin Mpaeka T[poext Berasute [fonondenns  Ounaiin Okdo  Cnpasxa
2| E| | eel 6| S| R % || ||
:
32, Pecupcel LY PLC_PRG (PRG-LD)
B3 MnodansHsie nepere|| | [0001|PROGRAM PLC_PRG
0002)vAR % Global_Variables [-= | = |[s5s]
- @ variable_Configur|| [ 2003 KV1:BOOL=TRLUE, 0004|VAR_GLOBAL
B-[E3 fubnuorexa anaLyz| | 2004 K2 EOG'—-:TF-:-:E 0002 Q1: BOOL=TRUE;
B[ tutinmarera Ecsrc| | 2008 WS_EOGLETF_I"E‘ B Q2 BOOL=TRUE
B s cprmgpmran 000E| Kv4: BOOL:=TRUE; 0004 QBOOL,
{520 Ko spauss TTE 0007 KV5:BOOL:=TRUE; 0005 YAT1: BOOL;
) ypau 0008| Kv6: BOOL:=TRUE; 000B|  YAT2: BOOL;
Koneurypauna sana 0009 T1:BOOL; 0007| YAC:BOOL;
Koreurypauma Tpes 0010 T2:BOOL; 0008 AUTO: BOOL;
(il Merenmep Gromore 0011 KB BOOL; 0009|END_VAR
Meneamep napamerg| | 0012 TOF1. TOF, 0010
0013 TON1:TON; 0019
0014] TONZ2: TON; D012l
0015[END_VAR 0013
0016 o4l
Patiouas ofnacte 0017 %
Uuspposaa Tpaccupol 0018 < >
0019

Puc. 4.7. Onucanue nepeMeHHbIX
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5. Hanecute Ha3BaHWsA Ha COOTBETCTBYIOIIME 3JIEMEHTBHI CXEMBbI (pHC.

4.8).
) PLC_PRG (PRG-LD) = Eon==
0001|PROGRAM PLC_PRG A
0002)VAR
0003 Kv1: BOOL:=TRUE; v
£ >
0001
TON1
AUTO KV KV6 on T1
I /1 [ 1 (3
[ | 1/ [ 1 IN e!ii. Q { )
229-PT ET—
K2
/1
/]
0002
AUTO T1 Q1 YAT1
| I 1 [ 1 /
— | | | 1 | { F—
0003
TON2
AUTO K4 K3 —on T2
| /1 [ 1 /
— | 1/ [ | IN elii. Q { F—
279 |pT ETl—
KVS
I /1
1/
0004
AUTO T2 Q2 YAT2
| I 1 [ 1 (
— | | | 1 | { F—
0005
AUTO KE Q1 a YAC
| I 1 [ /1 /1 /
— | | | /| /] { F—
Q2
[ /1
1/
0008
TOF1
Q1 Q2 om KB
| I 1 : ¢
— | 1| N Q!iﬁ Q : —( —
222PT ET—
£ >

Puc. 4.8. DuexTpuyeckasi cxema Ha si3bike LD

6. Ycranosute 3Hauenue taitmepoB TON1, TON2 u TOF1 (puc. 4.9) Jlns
ATOTO HAXMUTE Ha BXOJ TaiMepa PT mo 3Hakam Bompoca U BBEIUTE TaM
CJIEIYIOIIUMN TEKCT:
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T#1s

TONT TON2 TOF1
TON TON TON

— N ] e — T e a—— 1IN a—
T#1sqPT ET—  T#1=PT ET—  T#1s-{PT ET}—

Puc. 4.9. Hactpoiika TaiimepoB

7. B taitmepe TOF1 naxxmute Ha Hagnmuch «TON» u u3MeHuUTe ee Ha
«TOF» (puc. 4.10).

% PLC_PRG (PRG-LD) [E=N|EER
0004|PROGRAM PLC_PRG -
0002|VAR
0002 Kv1 BOOL=TRUE: v
£ >
0001
TONA
AUTO KV KV ToN 1
[ [ /1 [ 1 (3
[ | 1/ [ | I i!i} Q { )
T#isPT ET—
KV2
[ /1
1/
0002
AUTO 1 a1 YATA
| [ 1 [ 1 {
— | I | I | {
0003
TON2
AUTO K4 Kva ToN T2
[ [ /1 [ 1 ST
[ | 1/ [ | I i!i} Q { )
T#isPT ET—
KV5
[ /1
1/
0004
AUTO T2 Q2 YAT2
| [ 1 [ 1 {
— | I | I | {
0005
AUTO KB al a YAC
| [ 1 [ /1 [ /1 [
— | I | 1/ 1/ {
Q2
[ /1
1/
0006
TOF1
a1 Q2 oF KB
| [ 1 {
— | {1 IN ﬁi!;. a {
T#1sPT ET—
< >

Puc. 4.10. Co3nanue Taiimepa, cpadaTbIBalOIIero Npu OTKJIIOYEHHHU
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8. Heobxoaumo co3narh BTOPYIO MPOTrpamMmy C MPOU3BOJIBHBIM HUMEHEM
Ha s3bike SFC 1 mporpaMMUpOBaHUs JIOTUKH pabOThl BhIKIOUarenei. s
ATOTO HAXMUTE MpaBoi KHOMKOW MbIH B manke POU u naxkmute «J[06aBUTH
o0BekT» (puc. 4.11).

%

Daiin [Mpaeka [poekr Beraewte  [Jonendedwa  Odnadin OkHe  Cnpaska

B8 BeelDs SR & ElemE 0 -]

3 PoU % PLC_PRG (PRG-I
= ] 0001|PROGRAM PLC_PRG
0002NAaR
0003  KV1: BOOL=TELE;
_(
0001
AUTO A KWE
| | /] | |
—l | IJ"'!I 11
T#1:
JoBaenTe oBbeKT... K2
MNepermeHoBaTe OBLEKT.., If:
PegakTnpoeate obbexT
KonnpoeaTte obbekT
¥ganuTe obbexkT T Q1
| | | |
KoHeepTupoeate obbekT... 1 1 ||
TODD:Objekt exportieren...
CeoiicTea obbekTa...
Basa gaHHex npoekTa > T-l"fql' :WEI'
/
JobBasnTe gelcTENE 1 V1 T4
KWVE
Hoeas nanka
—/

PackpbITe y3en

CeepHyTs y3en

MpocmoTtp 3kzeMnaapa... T2 Q2

rlpCEF.IETrJ AEpEesa BEbI30B0E I I I I

CoxpaHuTe K3k wabnoH..,

MCK.HI-DHI.-'ITI: W3 KORMOMAALKMIK
u KB Q1

Puc. 4.11. Co3zpanue POU uHa a3bike SFC
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Hoeelid nporpaMmMHbIiA komnoHeHT (POU)

Wraa Hoeoro POL: |L|:|g|i|:
Tun POU Hsblk peanyzanHu9 OTreHa
* [porparma L
" PyHKLHOHANEHEIA B0k " LD
" PyHkuMA " FBD

Tun pesyneTaTa: " SFC

oot || e

" CFC

Puc. 4.12. HoBbiii mporpamMubiii koMnoneHT POU Ha sizbike SFC

10. B co3manHOM mporpaMMe ONMMUIIUTE BXOJHYIO MEPEMEHHYIO, KOTOpas
Oyzer oTBeuaTh 3a paboTy TOM MoanporpamMmmsl (puc. 4.13).

PROGRAM Logic

VAR _INPUT
POWER:BOOL;
END VAR
%, Logic (PRG-SFC) [l [+ B[]

0D04|PROGRAM Logic
0002[VAR_INPUT

0003 POWERBOOL;
“0004END_VAR

0005
0008

£ >

Trans0

Init

Puc. 4.13. Onucanue BXOJAHOIi nepeMeHHOii
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11. HaxxaB nHa «TransO», co3maiite «AJbTEpPHATUBHYIO BETBb (CJIEBA)»

HECKOJIBKO pa3 TaK, 4TOObI MOJYYMIIOCH UYEThIpE MapajieibHble BETBU (puC.
4.14).

b Logic (PRG-SFC)
D001|PROGRAM Logic

0002VAR_INPUT

0003 POWERBOOL,

D004[END_VAR

000§
0006

L= &S]

£

W

—Trans3

=

—Trans: —Trans1

—TTrans(

Init

Puc. 4.14. Co3nanue ajibTepHATUBHBIX BeTBeil

12. C nomomsto «Illar nepexon (CHU3Y)» cO3qalTe MO OJHOMY WIary B
Kax10i BeTBHU (puc. 4.15).

] Logic (PRG-SFC)
_0001|PROGRAM Logic

0002/VAR_INPUT

0003 POWERBOOL;

D004 END_VAR

0008
000§

=B eS|

£

—Trans3

—Transz —Trans1

—Trans0

Step2 Step3 Stepd Steps

—Transd

—Transs —Transt

—Trans?

Puc. 4.15. Co3nanue maros 1Jisi IpOrpaMMHUPOBAHUA
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13. Ilepeumenyiite nepexonbl u maru. Tak, «YAT1» u «YAT2» - sto
KAaTyIIKKd OTKJIIOueHus Bboikimouatenen «Qly u «Q2» cOOTBETCTBEHHO.
«YACy - kaTylika BKJIFOUCHHS CEKIIMOHHOTO BBIKIIOUaresns (puc. 4.16).

L Logic (PRG-SFC) [ |[-E | S|
_D001|[PROGRAM Logic
0002/VAR_INPUT
0003 POWERBOOL,
0004 END_VAR

0005
0006

i

— AT T YATZ T YAC

—Transi

Q1_OFF 02_OFF q_ON 0_OFF

-TRUE —TRUE

—TRUE —TRUE

Init

Puc. 4.16. IlepenMmeHOBaHHE IIATOB U MEPEX00B, COIJIACHO
BbINOJHAECMON QyHKIUH

14. 3anmporpamMmMupyilTe TEpeXoAbl M IMard Ha SI3bIKEe peanu3amuu ST
(puc. 4.17).
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) Logic (PRG-SFC)
0001|PROGRAM Logic
0002\VAR_IMNPUT
0003 POWER:BOOL:
0004EMND_VAR
0005
_0006|
. <
Init
— AT —-YATZ —-YAC - Trans0
Q1_OFF Q2_0FF q_0OM Q_0OFF
T TRLE T TRLUE —+TRLUE T TRLE

Init

® [leiicteue Q1OFF(ST) [o || ® [ || | % lediceueq ON(ST) [o= |[E [ =]

Q1:=FALSE; Q=TRLIE;

% fleiicTeue Q2 OFF(ST) | = || = | = | Transition TransO (ST) | = [ = |[ =]

Q2Z:=FALSE, AUTO=TRUE AND Q41=FALSE AND Q2=FALSE

leictene Q_OFF (5T)

CL=FALSE;
AUTO=FALSE;

HERE ¢

~

Puc. 4.17. IlporpaMmMupoBaHue 1IAr0B U NEePexXo10B

15. B nporpamme PLC_POU coznaiite ceapmyto 1iens. Ha Hee 1o6aBbTe
«DyHKIMOHANBHBIA O50K». B pasnene «llonp3oBaTenbCcKkue MPOrpaMMBDy)
BbIOEpHUTE POrpaMMy, HalmMcaHHyto BaMu Ha si3bike SFC (puc. 4.18).
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L] CoDeSys - ypok.pro*

Qaiin [paska [lpoext Beraswts [lononsenwa Ownaitn  Oxkno  Cnpaska

ElE e e e N e e e e < T e e e e A= = T e

[=] % PLC_PRG (PRG-LD) o= |[=] o,
= 0001|FPROGRAM PLC_PRG ~ | ‘oooalPrOGRAM Logic
AR 0002)VAR_INPUT
0003] Kv1:BOOL=TRUE; v o . .
= - e S — s
#1s. ool T
kw2 | e
L{ / }J
T e S R R e
ACCUACTEHT BBOAA [ .
AUTOD T
I I CTaHQapTHBIE $YHKUMOHENEHEIE | (3] MoAb30BaTEABCKIUE APOrpaMME! oK | P
Mok 30EETENBCKHE PYHKLMOHE @ ogic [PAG [
0003 £ PLC_PREG [PAG] Ormerta | |- -
AUTO Kvd [
4| /|7
KV
/=
0004
AUTOD T2
0005
AUTO KB
¥ Crpyerypro
0006 D
o
ml Iozl ToF :{a | =
— | | N . {
T#1s-{PT ET—
L lenctene Q_OF
0007 0001|C:=FALSE;
"""" 0002|AUTO:=FALSE;
000
...................... -
............................. v
< >
= Ime 5 B 1 <
Q0nos
TOF1
Q1 Qz KB
TOF
| | I 1 IN o ()
I 1 N \
T#1=HPT ET—
Qoo
Logic
HPOWER
W
£ >

Puc. 4.18. Co3nanue pyHKIHNOHAJIBLHOTO 0JI0KA MPorpaMmbl Ha s3bike SFC

16. Coznmaiite OOBEKT BU3yaJlM3allMd C TMPOU3ZBOJIBHBIM HMEHEM W
MMOMECTUTE Ha HEr0 HECKOJBKO 3JIEMEHTOB, O003HAUYAIOIIMX BBIKIIIOYATENH,
pene Hanpspkenus U kHonky ABP (puc. 4.19).
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Puc. 4.19. Co3nanue 00beKTOB BU3YyaIN3aUH

17. 3armporpaMmMupyinTe KHOIIKH:

o NpUCBOWTE Ha3BaHUe B kKareropuu «Tekct» (puc. 4.20);

o BBIOEpUTE I1[BET 3&JIMBKH BO BKJIOYCHHOM U OTKIHOUYEHHOM
COCTOSIHUM B KaTteropuu 1et (puc. 4.21);

o 3anporpaMMupynTe MU3MEHEHUE 1[BETa OTHOCHUTEJILHO
COOTBETCTBYIOIIEH NepemMeHHou (puc. 4.22);

o 3a/1aiiTe TIepeMeHHYI0 TiepekiroueHus (i Beikimodareneid Q1, Q2,

Q, AUTO) (puc. 4.23);

o 3ajaiiTe nepemMeHHyro KHomnky s katymek KV1, KV2, KV4, KV5 ¢
n3meHenreM Ha FALSE npu Haxatuu.

KoHdurypuposaHWe anemMeHTa (#0)
Kareropua
Q1
Bug TekcTa Crpaka; | 2 0
WHpHHE AHHAH MIEER)
HBETE' [ OpMSOHT 3MEHOE ERIDAEHHEJHWE
EPEMEHHEIE LEETS
MonoseHe " Baeeo  f* Mouewtpy  Bppaeo
[ Newopraumn
I-IEDE-'MBHHI:IE-' BEDTHKEIHI:HDE EbIpPaBHHMESHHE
Beon " Beepx Mousvtpy © BHus
TEKCT NOACKAZHH
BezonacHocTe -
[MporparmupyerocT s Wpner... CrannapTHe

Puc. 4.20. [IpucBoeHne Ha3BaHUS KHOMKAM
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KoHdwurypmpoeaHwe anemeHTta (#0)

Leet
Kareropua
P opra ~ Ueera oK
TekcT 4' I_
Bun TekcTa
I.IJMEHHa HHMA Janueka THMM OTreHa | -
MeperiEHHBIE LBETA r OpospayHEIR r OpaspadHEIR -
Nonoserue -
Dedopriauma
E:S:MEHHHE — T pEBOKHEIN LBET -
TekoT nonckasku I_
bBezsonacHocTe 3anuek.a THHUM
MporparrupyerocTe
OnpenennTe UBET >3 |
0K I CrmaeHa |
Puc. 4.21. U3MeHeHHe IBETA 3aJIMBKH KHOIOK
KoHndurypuposaHue anemenTta (#0)
Kareropua
F opiia — MNepereHHEE 0K,
Tekct
EMa TekcTa HeswammocTt | .
W MpHa ALHEK Tl
Leera Sanper I
MNepereHHeE LEETA BEOAS.
MonoweHue
'ﬂeq:":'E MALMA Ham. useTa: I.EH
Beon, BrIE_TEkCTA: I
TekcT nogcKaskM :
EesonacHoCTE E':'”‘“TE'S":'” I
MporparFHpYErocTE base:
Cornverzion
factar: I
Nopckaska:
dizplary: I

Puc. 4.22. HaznuaueHus coOLITUA U3MEHEHUH I{BETA
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KoHdurypupoeaHue anemenTa (#0)

k.areropua

Foprda

TekcT

Bua TekcTa

lpKHa MAHKL
UeeTa
MNepereHHElE LBETS
ManoseHe
Hedopraaumqa

M EEEMEHHI:-IE

TeKCT NOACKa3EH
BesonacHocTe
[NporpammMHpyerocTE

—BEog,

ok

V¥ Mep-A nepek.nyeHuA I.EH

I- HEDEMEHHEH'KHDHKE I

[T Hamarwe FALSE

OTraena

[T Mepexon B BMs. I

[ Brin. nporpatms: I

ITEKCT Mir:

[T Crpemsi wpbdas:

[~ Beog & nepemerHyio Bris_Tekcra'

A
—
—

Jarnague NaHenu:

Puc. 4.23. HaznayeHue nepeMeHHOI nepeKJI0YeHNsI

[Ipumep odopmieHus Bu3yain3anuyd padOThl NPOrpaMMbl MIPUBEJICH Ha

puc. 4.24.

Puc. 4.24. Buzyaau3auusi padoThbl IPOr paMMbl

18. 3anmyckas mporpammy, He 3a0yAbTe BKIIOYUTH PEKUM IMYJSIUA U

"Haxkath Ha «KCTAPTY.
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5. Ilpaxkmuueckasa paooma Ne 3
PEAJIM3AIIUA PABOTHI AYP HA IIJIK

5.1. KpaTKne TECOPETUIECCKUE CBCACHUA

YacToTa mepeMeHHOT0 TOKA SIBJIAETCS OJIHUM K3 OCHOBHBIX IOKa3aTeen
Ka4yecTBa JIEKTPOIHEPTUH. OTKIOHEHUE YAaCTOThl B HOPMAJIBHBIX PEKUMaxX OT
HOMHUHaIBHOTO 3HaYeHus fyom = 50 I'm He momkHO npeBbimarh Af =+ 0,1 T'm.
Jlormyckaercss KpaTKOBPEMEHHOE OTKJIOHEHHE 4acToThl He Oonee Af = +0,2 T'm.
PerynupoBaHue 4acTOThl TOKa BO3MOXKHO MPOBOJUTH TOJIBKO MPU HAJUYUU B
SHEPTrOCUCTEME PE3EPBA AKTUBHON MOUTHOCTH (T. €. TEHEPATOPHI 3arPyKEHbI HE
MOJIHOCTHIO). [Ipy BOBHMKHOBEHHMH Ne(PHUIIMTa aKTUBHONH MOIIHOCTH B CHCTEME
AJIEKTPOCHAOXKEHUSI MPOUCXOJUT CHUKEHHE YaCTOThI TOKA, BHIPAOATHIBAEMOTO
reHeparopamMu. Pabora mnoTtpeOuTeneil 3JIEKTPOIHEPTrur NpHU MOHUKEHHOM
4acTOTE TOKa (HAMpsDKEHHWs) MPUBOJMUT K CHMDKEHHIO YacTOThI JIBUTATeNeH, a
CIEOBATENIbHO,  CHIDKEHUI0O  HUX  IPOU3BOJUTEIILHOCTH,  HAPYIICHUIO
TEXHOJIOTMYECKOT0 Mpoliecca MPOU3BOJICTBA, OpaKy MpOIyKIIUH.

JI1s1 BocCTaHOBJIEHUS OajlaHCa aKTUBHOM MOIIHOCTH YacTh MOTpeOuTeen
Ha HEKOTOPOE BpeMsl JIOJKHA ObITh OTKJIIOYEHA YCTPOMCTBAMU aBTOMATUYECKON
yactrotHOM pasrpy3ku (AYP). VYcrpoiictBo AUYUP sBisercs BaXHBIM MU
HEOOXOAMMBIM CPEJICTBOM aBTOMATHU3ALIMUA CUCTEMbI AIEKTPOCHAOKEHHUSL.

ABTOMaTHYECKass 4YacTOTHAs pasrpy3ka IMPEayCMaTPUBAET OTKIIFOUEHUE
noTpeduTeseH HeOOIBITMMHU YaCTIMHU MO Mepe CHIDKEeHUS 4acToThl (AUP1) mim
0 MEPE YBEJIUYEHUS MPOAOJDKUTEIBHOCTH CYIIECTBOBAHUS ITOHWKEHHOU
yactoThl (AYP2).

OOBEMBI OTKITIOUEHHUS HArPY3KH YCTAHABIMBAIOT UCXO/I U3 00ecriedeHus
3(PEeKTUBHOCTU MPHU JIFOOBIX BO3MOXKHBIX JE(PUIUTAX MOIUTHOCTH: O4EPETHOCTh
OTKJIIOYEHHUS BBIOUPAIOT TaK, 4YTOObl YMEHBIIUTH YIIEepO OT mepephiBa
AJIEKTPOCHAOKEHUS (MPUMEHSIOT OOJIBIIIOE YMCIIO YCTPOHCTB U ouepeneii AUP;
0oJjiee OTBETCTBEHHBIEC MOTPEOUTENM MOJKIIOYAIOT K OoJjiee MalbHUM TIO
BEPOSATHOCTH CpadaThIBAaHHSI OUCPEISIM).

YcrpoiicTBa AYP [IPEeAyCMaTPUBAIOTCS 1o TpeOOBAHUIO
AHEPTrOCHAOXKAIOIIECH OpraHM3ald Ha TOJACTAHIMAX M PaCHpEeeIUTEIIbHbBIX
NYHKTaX  OPOMBIIUICHHBIX  MPEANPUATHA I  OTKJIIOYEHHUS  YacTu
AJEKTPOIIPUEMHUKOB TMPHW BO3HHUKHOBEHUM B [MHTAIOLWIEH HHEPrOCHUCTEME
neduimMTa aKTUBHON MOIIHOCTH, COMPOBOXKIAIOIIETOCS CHIPKEHUEM YacTOTHI C
IEJbI0 COXPAHEHUSI TEHEPUPYIOIINX HWCTOYHUKOB M BO3MOXHO OBICTpOIA
JIMKBUJIALINY aBAPUH.

B Poccuu yCcTaHOBIIEHBI TPY KaTETOPUH YaCTOTHOU Pa3rpy3KHu:

1. AYP1 — OsictponeiicTBytomas (Bpems aewictBus 0,25 - 0,3 c¢),
MMEIoNIas B IPEAeNiax SHEPrOCHCTEMBI M OTACIIBHBIX €€ Y3JIOB Pa3IMYHbIC
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YCTaBKU IO YacTOTE cpalaThIBaHWS WU TMpeIHA3HAUYCHHAS ISl TPEKpaIIieHUs
CHIDKCHMSI 4acCTOThI /10 omacHoro ypoBHs (46 I'm). ['paHuyHBIE YCTaBKH IO
4acToTe: BEpXHUU Tipeaen He Boie 48,5 ', HkHui — He Hke 46,5 T'i; B
OTAENBbHBIX parioHax crpanbl 49,0 ['.

2. AYP2 — ¢ 001mieii yCTaBKOH 10 9acTOTe U Pa3IMYHBIMHU yCTaBKaMU 10
BpEMEHU, NpEeAHa3HauYCHHas Uil MOoJbeMa 4acToThl mocie aectBus AUYP1 u
IUISl IPETOTBPAILICHHS €€ "'3aBUCcaHus" Ha ypoBHe Hke 49 ['u. Ennnas ycraBka
M0 YacToTe OOBIYHO MPUHUMAETCs paBHOM BepxHel ycraBke AUP1 umu Ha 0,5
['n Gonwine. Bepxumii mpeaen He Bbime 48,8 ', a B HEKOTOPBIX paiioHaxX
ctpanbl 49,9 I'u. HauanpHas ycraBka no Bpemenu ty = 5 - 10 ¢, a koHeuHas tx=
60 - 90 c.

3. Tperbs xareropusi — JIONOJIHUTENbHAS, JCUCTBYIOIIAs TMPHU
BO3HMKHOBEHHH MECTHOTO TJIyOOKOro jeduimra aKTHBHOM MOIIHOCTH
(HanmpuMep, MPU OTJCJIICHUH OT ASHEPrOCUCTEMBI SHEPrOEMKOr0 IMOTPEOUTElIs,
MATAaEMOTO  MECTHOM  3JIEKTPOCTAaHIIMEW  HEOOJBIIOW  MOIIHOCTH) U
npeHa3HAYEHHAsl IS YCKOPEHHMSI M yBEJIWYEHUsS o0beMa 4YacTOTHOMU
Pa3rpy3KHu.

BHyTpy Kaxaou wu3 TEpBBIX JBYX KaTeropud MOTYT Ha3HA4YaTbCA
otaenbHbie ouepeau. B AUPI nBe mocnenoBaTesibHbIE OYEPEINd OTIIMYAIOTCS
Ipyr OT Jpyra ycTaBKaMu cpa0aThiBaHUs, HO, Kak IpaBujio, He Oolee
0,05-0,1 I'm.

MuHuManbHbBIE WMHTEPBAJIBI YCTABOK IO BpeMmeHu ouepeneid AYP2 B
npeaenax 3HEProCUCTEMBI MM PallOHA MOTYT COCTAaBIIATH 10 3 C.

B psane cnydaeB ncnosib3yeTcsi COBMEIICHUE pa3IMuHbIX KaTteropuii AUP,
xorga ouepenn AYP1 m AYP2 nelicTBYIOT Ha OTKJIIOUYEHUE OJHMX M TEX XKeE
oTpeouTEICH.

ABTOoMatnueckoe moBTOpHOE BKItoueHue (YAIIB) npueMHUKOB U
noTpeOuTene  AJIEKTPOIHEPruu, OTKIoYeHHbIX npu  AYP, moxer
OCYIIECTBIIATHCS TOJIBKO C pa3pelieHrs dHEprocHadXKaroliell opraHv3aiuu B
TEX CIIy4asX, KOrJa BpeMs BOCCTAHOBJICHUS IUTAHUS JECUCTBUEM OIEPATUBHOTO
IIEpCOHaNa WM CPEACTBAMU JIMCIIETUYEPCKOrO YIIPABICHUS HEIOIYCTUMO
BEJIMKO C TOYKHM 3peHHs mnorepb npousBoacTBa. YAIIB pgomyctumMo Ha Tex
MIPUCOCAVUHCHUSAX, BHE3AlIHOE BKIIOYEHHE KOTOPBIX HE MOXKET BbI3BATh
HENPEABUNICHHBIC MOCJHEACTBUS W OMNACHOCTh I  JKCIUIYaTallHOHHOTO
IIepCOHAaNa, CaMOM JIEKTPOYCTAHOBKHU U JJII MEXAHU3MOB, CBSI3aHHBIX ¢ Hell. K
TaKAM IIPUCOCAUHECHUSAM OTHOCATCS JIMHUU K DJIEKTPONPUEMHUKAM, BKIIOUCHUE
KOTOpPBIX HE TpeOyeT MOJATOTOBKH TEXHOJOTHYECKUX CXEM JHUOO TMOJHOCTHIO
ABTOMAaTHU3UPOBAHO, BKJIFOYast 151 MPEIBAPUTEIIBHYIO MMOJITOTOBKY
COOTBETCTBYIOIIUX TEXHOJOTMYECKUX arperaroB. BKiIroueHUE BBIKIIOYATEIEH
ycrpoiictBom YAIIB creayeT mpou3BOAUTH MoodepeaHOo (C MHTEPBAIOM HE
MeHee 1 ¢) Bo M30exaHHWE Meperpy3Kd HCTOYHHMKOB OIEPATHBHOIO TOKA M
HAJIO)KCHHUSI TEPEXOJHBIX TMPOIECCOB B CHCTEME DJIEKTPOCHAOKECHUS,
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BO3HUKAIOIINX W3-3a BKIIIOUEHUSI HArpy3KU. YUUTHIBAs, YTO PEXUM Jeduimra
AKTUBHOM MOIIIHOCTH, KaK TIPaBWJIO, CBSI3aH W C OrPAaHUYEHHBIMU
BO3MOXKHOCTSIMU HEPrOCHUCTEMBI B 00ECIICUEHUU MOTPEOUTENEeH peaKTUBHOU
MomHocThio, YAIIB  memecooOpa3HO  OCYmIECTBISITE C  KOHTPOJIEM
HOPMAJIbHOT'O YPOBHS HAIpSKCHUS Ha IIMHAX, K KOTOPHIM MOAKIIOYAKOTCS
TPYIIbI AJIEKTPOINPUEMHUKOB.

O0mMM  U3MEPUTENIbHBIM ~ OpraHOM B IIEHTPAJIBHOM  OJIOKe
anekTpomexannueckux yctporicts AUP u YAIIB ciykuT noiaynpoBOAHUKOBOE
pene moHmwKeHus 4vactoTel Tuna PU-1, cnmocobHoe mpaBuinbHO paboTaTh B
YCIOBUSIX COMPOBOXKIAIOMIETO Je(UIUT aKTHBHOM MOIIHOCTH CHIDKEHUS
Hanpsbxenus npu U=0,2-Uyom. Jlnanazon ycraBok cpabateiBanus peine 45 - 50
['11, a ycraBok Bo3Bpara — 46 - 51 I'm.

Pene umeeT BCTpOEHHBIN 3JIEMEHT BBIIEPKKH BPEMEHH CpadaThIBaHUS CO
crynenuaron perymuposkon 0,15; 0,3; 0,5 c. Bpems Bo3Bpara pene He
npesbiaert 0,15 c.

Pene cpabarbiBaeT cHayana Ha ycTaBke omnpeaesneHHoM ouepeaun AUYP,
IIOCJIE YEro IIEpecTpanBacTCs Ha YCTABKY BO3BpaTa, COOTBETCTBYIOLIYIO
4acTOTE€ CETH, NpPU KOTOPOH paspeniaeTcsi MOAKIIOYEHUE MOTpeOUuTeNed u
AJIEKTPONPUEMHHUKOB, OTKIIOYEHHBIX Tpu AYP. Penme mnoaxmrouaercs K
TpaHc(hopMaTopy HAMpPSHKEHUST TOM CEKIUHU IIWH, JJI1 KOTOPOM NpeayCcMOTpeEH
naHHbld Oyok ycTpoiictB AYUP. Ilpu oTkiatodueHun »TOro TpaHcdopmaropa
HamnpsbKeHus: (HampuMmep, s MPOBEACHUS PEMOHTHO-BOCCTAHOBUTEIBHBIX
paboT) pelie BPEMEHHO MNPUCOCIUHAETCS K TpaHcPopMaropy HampsiKEHUs
JIPYrof CEKIIUH.

Jleticteue AYUP cornacoBbIBalOT ¢ pabOTON YCTPOMCTB aBTOMATHYECKOIO
noBTopHoro BkjrodcHHs (AIIB) m aBTrOMaTmueckoro BBoma pe3epa (ABP).
Tak, kornqa AYUP npumeHsIOT Ha MOJACTAHIMAX 0€3 MOCTOSHHOrO JEKYPHOIrO
NEpCOHAala, Ha KOTOPBIX OTCYTCTBYET TeJeyNnpaBiecHue, ucnonb3yroT AlIB
notpeduteneit mpu BoccraHoBiieHMd 4acTtoThl (UAIIB). YacrotHoe AIIB
PENYCMATPUBAIOT TAKKE B CETSIX, IJI€ BO3MOXXHO KPaTKOBPEMEHHOE CHHXKEHUE
yacToTsl npu K3.

MouHocTb, oTKIIIo4aeMyto yctpoiictBamu AYP, onpenensiror ¢ yuetom
TOr0, YTO B OOILIEM CIy4yae MOILHOCTb, HOTpeOIiieMas Harpy3Kou, 3aBUCUT OT
YaCTOThl U CHUKAETCA BMECTE C HEW. DTO SIBJICHUE HA3BIBAIOT PETYIUPYIOLIUM
3¢ PeKToM Harpy3Ku, OHO XapaKTEPU3YyeTCs CAEAYIOMMM KOdhDUIIMEHTOM:

Kp.n.H =APu/Af,

rne APH - W3MCHCHUE CHIDKEHHSI CyMMapHOW Harpyskw, %; Af - cHikeHue
4acToThl, %o,

Kp.n.n=1,5-2,0.
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Ha ocHoBannu HpHBeZ[eHHOﬁ (I)OpMy.TIBI MOKHO OIpCACINTbL MOIIHOCTb
P OTK, OTKIIOYAaCMYIO JJII BOCCTAHOBJICHHA YaCTOTHI ITPHU €€ CHHXKCHUU fHOM a0
f< fHOM JT. €.

Pork = (50 - f) Kp 51" Prnom/50,

ra€ Puypom - MOIIHOCTH HArpy3KM CHCTEMBI 3JIEKTPOCHAOKEHHS MpHU
fHOM: 50T 1I.

YerporictBa YAIIB ncnosb3yroT [Uisi yMEHBIIEHUS NEPEPbIBA MUTAHUS
OTKJIFOYEHHBIX TOTpeOUTeNneil B YCIOBHUSX BOCCTAHOBJICHHS dYacToThl. [lpu
pPa3MEIIEHUH YCTPOWCTB M pACHpelesicHuM Harpy3ku no ouepensm YAIIB
YUUTBHIBAIOT CTETNEHb OTBETCTBEHHOCTH TOTPEOUTENEH, BEPOSTHOCTh UX
OTKJIFOYEHMUS JNEUCTBUEM AYP, CJI0KHOCTD U IJIUTEIIBHOCTD
HEaBTOMATUYECKOTO  BOCCTAaHOBJICHHs  JyeKTponuTanus.  OuepenHocThb
BKItoueHus: Harpy3ku or YAIIB sBnsercs oOpaTHOMl 1O OTHOLIEHUIO K
npusstoi st AYP [8].

KF KT1
/
ijTl-l SX1 KL1
—Q0 D
KL1.2 R KL2
- J I
KL2.2 KT2.2
- T
KL2.1
KL1.3 = KT2
N KL3
jD KT2.1 SX2
-0 D-
KL3.2
/
KL1.1
—~ > OTKIIOUEHUE
KL3.1
~ > BKIoueHue

Puc. 5.1. llpunnunuanbHas cxema oxHoi ouepenn AUP ¢ YAIIB

Ha puc. 5.1 npuBeneHa npuHuunuagbHas cxeMa ogHon ouepenau AYP c
YAIIB. CpabatreiBanue pene yactorbl KF mpu 3alaHHOM CHIDKEHUH YaCTOTHI
oOecreunBaeT Myck pene BpeMeHu K71, DTo pele yepe3 3aMbIKAIOIIN KOHTAKT
KTI1.1 3amyckaer mpomexyrounoe pene KLI1, BwimmomHsitoniee crieayromue
¢byakuun: koHTakT KL1.1 obGecnieunBaeT OTKIIOUEHHE MTOTpeOUTENeH, KOHTAKT
KL1.2 ucnonb3yerca s 3amycka pene KL2 (oHO camoyaepkuBaeTcs uepes
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koHTakT KL2.2), kontakt KL1.3 HaxomuTcs B memu pejie BpemeHu K72,
koHTakT KL1.4 (Ha puc. 5.1 He oKa3aH) MPOU3BOIUT U3MEHEHUE YCTABKH PEJIe
KF (moBbimaer ee). O0baHO mepeHactpanBaroT pene KF Ha ycraBky 49,5-50
['u. CnengoBaTenbHO, MOKA YaCTOTAa HE BOCCTAHOBUTCS J0 YKAa3aHHOI'O YPOBHS,
pene KF O0yner nepxaTh CBOM KOHTAKT 3aMKHYTBIM.

Ecnu wacrora BoccranoBurcs, To pene KF, K71, KL1 BepHyrcs B
ncxomnoe nonoxkenne. Bo3spar pene KL1 u 3ambikanme ero xontakra KL1.3
obecrnieunBatoT myck pene K72. C BblAepKKOW BpeMeHH KoHTakTom K72.1
Oyner 3amymeHo peine KL3, koTopoe NpOW3BOAWT MOBTOPHOE BKITIOYCHHE
notpeduteneit. s mycka KL3 mcmomb3yercss mpOCKaab3bIBAIOIINN KOHTAKT
KT2.1, pene KL3 camoynepxkuBacetcs (KL3.2). Ynopusii koHTtakT K712 ¢
BbIAEpKKOW Bpemenu (K72.2) 6onbluel, yem y K72.1 (na 1-2 c), Bo3Bpaiaer
CXEeMY B UCXOJHOE TOJIOKEHHE, ITYHTUpys: 00MoTKy KL2. Mcnonb3yst Hakmaaku
SX1 u SX2, cxema MOkeT ObITh HacTpoeHa Toibko Ha AYUP wim xe nHa AYP u
YAIIBu . 1.

5.2. 3apanue

1. Co3marh KOMMYTAIIMOHHYIO TMpOTpamMMmy Ui TPUHIUNHAATHHON
AJIEKTPUYECKON CXeMbl paboThl 0qHOM ouepenu AYP
2. Co3nath Bu3yanusamnuio padorer AYP.
3. [ToAroToBUTH OTUET TIO IJIAHY:
e  [Ieib pabOTHI;
e omnucanue npuHIEIa padoTel AUP u 351eKTpUiecKoil CXEMBI;
e ONHWCAaHWE BU3YyaJdW3alUU. bIOK cxema. AJTOpPUTM TOCTPOCHHUS
BU3YaJIN3alliH;
®  BBHIBOJBIL.

5.3. Beinosinenue padorsl B mporpamme CodeSys

1. Co3paitte nporpammy PLC_PRG na si3bike LD.
2. B oOnacTu onucaHusi IEPEMEHHBIX OIMUIIUTE JOKaIbHBIEC IEPEMEHHBIE:

PROGRAM PLC _PRG
VAR
Q1: BOOL;
Q2: BOOL;
Q3: BOOL,
TONI1: TON;
TON2: TON;
TONS3: TON;
TOF1: TOF;
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TOF2: TOF;
TOF3: TOF;
END VAR,

raie Q1-Q3 - cocTosiHME BBIKJIIOYATENICH MUTAIOIMIMX JIMHAW TOTPEOUTENeH;
TON1-TON3 - TtaiiMep BBLACPKKHA BPEMEHU BKJIIOYCHHS BBIKIIOYATENS TMPH
BoccTaHoBNieHUU 4acTtoThl; [TOF1-TOF3 - TaiiMep BBIIEPKKH BpPEMEHU
OTKJIIOUEHUS BBIKJIOUaTelis npu cpadarsiBannu YAIIB.

3. B mynkre «I['1obanbHbIe TEpeMeHHbIe» O0BSIBUTE:

VAR _GLOBAL
YAC1:BOOL;
YAC2:BOOL;
YAC3:BOOL;
YAC11: BOOL;
F:REAL:=50;

END VAR,

riae YAC1-YAC3 - kaTymKu OTKJIFOYCHHS BBIKJIIOUYATEICH Mpu cpadaThIBaHUM

AYP; YAC1l - xarymku OTKJIIOUEHHsS BBIKJIIOYATEIICH MpU cpadaThIBaHUM

YAIIB; F — BapbupyeMoe 3Ha4€HHUE YaCTOThI C HadaabHbIM 3HaueHueM S50 ['1;
4. Jlo6aBbTe HOBBII 00BekT POU mporpammy Ha si3bIke peanu3anuu ST.
5. OnumuTe JOoKaIbHBIE TIEPEMEHHBIE TIOITPOTPAMMBI:

PROGRAM katushki

VAR_INPUT
GO:BOOL;

END_VAR

VAR
FN:REAL:=50;
F1:REAL:=49;
F2:REAL:=48;
F3:REAL:=47;

END_VAR,

rae GO (Ha3BaHue MEPEMEHHOM MOXKET OBITh JIIOOBIM) — BXOJIHAS TIEpeMEHHas,
HeoOxoaumasi mist pabotsl moganporpammel; FN, F1-F3 — 3nadenune ycraBok
4acCTOTHI JJIs cpadaThIBaHUs pa3HbIX ouepeneit AUP.

6. CornacHo 3aJlaHHBIM YCTaBKaM, HAMUIIUTE TEKCT MPOTPAMMBI JIJIs
NMUTAHUS ~ KaTyIIeK  OTKIIOYEHMs]  BBIKJIIOYaTeNed  Mpu  JOCTHXKEHUS
onpeneneHHoi ycraBku AUP u HAIIB:
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IFF<FNTHEN//atum 610x0om mMbl iporpammupyem YATIB//
YAC11:=TRUE;
ELSE YAC11:=FALSE;

END_IF
IFF>=F2 ANDF<F1 THEN//otkmo4uaem repByto ouepean//

YAC1:=TRUE;

ELSE
IFF>=F3 ANDF<F2 THEN// otkirouaeM BTOpyIO odepenb//

YAC2:=TRUE;
YAC1:=TRUE;

ELSE
IFF<F3 THEN//oTkmouaem TpeThio ouepen//

YAC3:=TRUE:;
YAC2:=TRUE:;
YAC1:=TRUE:;
END_IF
END_IF
END_IF

IFF>=FNTHEN//aTum  0610KkOM MBI  TPOM3BOJAMM  BKJIIOYCHUE

norpeouTenei//
YAC3:=FALSE;
YAC2:=FALSE;
YAC1:=FALSE;
YAC11:=FALSE;
END_IF

7. Cozpaiite nenu B ocHoBHOM mnporpamme PLC _PRG. He 3abyabte
n00aBUTh (PYHKIHMOHAIBHBIM OJOK, B KOTOPOM HEOOXOAUMO OIHCATh
nporpammy Ha s3eike ST (puc. 5.2, 5.3). OOpatuTe BHUMaHHE Ha TalMEpHI:
napametrpsl 7TON u TOF HeoO0XOIMMO MEHSATHh COIJIACHO BBIMNOJIHSAEMOMN

GyHKIUU.
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0001
katushki
o
0002
TONA TOF1
YTC:1 TON TOF Q1
.......................................... )
[ | IN ¢1!ii} Q IN ,ii!g} O { —
T#aspPT ET—  T#osdPT ET—
YACA
|
|

Puc. 5.2. ®yHKUHOHAJIBHBINA 0JIOK IPOrpaMMbl Ha si3bike ST M nepBasi BeTBb

JIEKTPUYECKOI CXeMbI

0003
TONZ TOF2
YAC1 TON TOF Qz
B Y I ey Y TG (=
T#ESHPT ET—  TaesPT ET—
YACT YACZ
Ny [ ]
| [ |
0004
TON3 TOF3
YACT o —oF Q3
BT Y 1 ey Y 5 ”
THASPT ET—  TeasPT ET—
YACT YACZ YAC3
[ [ [
[ | [ | [ |

Puc. 5.3. Bropasi u TpeTbu BeTBH NpPorpaMmbl Ha sizbike LD

8. Cozmaiite Bu3yanu3aiuio padboThl MPOrPaMMBbI:

o co3JiaiiTe TpU NMPAMOYTOJIbLHUKA C U3MEHEHHEM I[B€Ta OTHOCUTEIILHO
nepemennbix Q1, Q2, Q3 (He mporpaMMUpyiTe BBOJA C ATHUX IJIEMEHTOB, OHU

HY>KHBI TOJIBKO JIJIs1 MHAUKAIMK) (puc. 5.4);
° CO3JIaliTe «IOA3YHOKY I U3MEHEHHUSI YaCTOTHI (puc. 5.4);
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KondurypupoBaHue anemeHTa (#4)

K areropun

MepereHHeI
e pemctie FAHHMY: |45

TeKeT Noackasku
EesonacHocTe
MporparatHpyetocTE MaonzyHok:

[F OrtaeHa

1 ak.cbAayr: |5‘I

HesuaumbI: |

Mogcraska: |

Puc. 5.4. HacTpoiika 3/ieMeHTa «IO0J3YHOK»

®  CO3JalTe «UHAMKATOP» JUIS WHAMKAIIMM 3HAYEHUS 4acTOThI (pHC.
5.5).

e katushki (PRG-5T)

nl- DR oo 1
= VIS [= == KoHdurypMpoeaHWe CTPENOYHOT0 MHAMKATOPa
.............................. Crpenka |Crpena -l Moanmc:
" Brytpu
Hasane: 18 rpasdses (¥ CHapy#u
Koreu: 0 FPaycos Jokuz:

48.0 49.0

Onuw
LleeT ctpenku 47.0 0

¥ Oyrasqyrpu

Al tlslslslslslslslslslslsls ¢

v Lura cHapyxu
[ Oon. crpenka

[ Puke. macurat

0K

Neperaennan/dlkana 46.0
L peToERIE OBNECTH

| OTreHa |

KoHdUrypMpoBaHWe LUKanbl U NepeMeHHor ﬂ

Hauano:
KoHew:
Lenerma:
JTonaenequa:

Egunmuer:

F OPMAT OTHETOK,
[C-cHHT K CHE],

MepereHHas:
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9. 3amyckasi mporpamMmy, oOpaTUTe BHHMAaHHE YTO BBIJIEP)KKAa BPEMEHH
crouT Kak Ha orkiaoueHue ot YAIIB (3 ¢, 6 ¢ u 9 ¢), Tak U BKIIIOUEHUE NPU
BO3BPAIICHUH YaCTOThl K HOMHHAIBHOMY 3HAUYCHHUIO.

Qaitn [pasca Mpoexr Berasurs [Jononwerws Ownaiin  Okro  Cnpaska

BlE| @D |S SR R [ -] | A olele] DEEEE] 2]

| ) Katushki (PRG-5 S T=E =]
o e R e T e (PREED I

VAR_INPUT

&*

FOU

=
E
&

PROGRAM PLC_PRG

=}

=}

=)
=
=1
=1
5]

[ FLC_FRG (PRG) || | Q002VAR 0003  GO'BOOL;
0003 Q1 BOOL, [0004[END_vAR
0004 Q2 BOOL; D00E[VAR
0008 03 BOOL; 0008 FNREAL:=50;
0008 TON1TON: 0007 F1REAL=49
0007 TON2: TON; 0008 F2REAL:=48;
0008  TON3: TON; 0008 F3REAL=47,
0009  TOF1: TOF] DOT0[END VAR
0010 TOFZ TOF, == - v
0011 TOF3: TOF —N — e
0012END_VAR [DOOTF F<=FN THEN = VIS (===
e , [po0zvAC1:=TRUE; L o
— [DOD[EL SE YAC11 =FALSE;
0001 ~ 0004 END_IF O
0005  IF F==F2 ANDF<F1THEN :
0008 YAGT=TRUE; :
katushki 0007 ELSE
JGO 0008 IF F==F3 AND F<F2 THEN T
0002 0009 YACZ:=TRUE;
0010) YACT=TRUE,
Ton ool ELeE T VN 1Y I
Y-“CT TON :‘“ 0012 IF F<F3 THEN 47, 0.0
— e al (— [pon YAGITRUE. o - )
T#35-PT ET— 0014 YAC2:=TRUE; LU e 1.0
TGE VA1 —TRUE. S aeR 1.0
0018 END_IF
YACT 0017 END_IF
0018[END_IF
[0018]IF F>=FN THEN
3003 [0020[YAC3:=FALSE;
Tonz Tor2 0021 YAC2:=FALSE; A J L
Va1t a2 0027 YACH:=FALSE; Lol
TON TOF 0023 YAC11:=FALSE
——— — A 3 < e ‘

EN ] IE=]ES

Puc. 5.6. BHemHuii Bua nporpaMmmbl
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6. Ilpakmuueckasn paboma Ne 4. _
PEAJIMBALINA ABTOMATUYECKOI'O BKJIFOYEHHUA YCTPOUCTB
KOMIIEHCAIIUK PEAKTUBHOU MOIINHOCTHU

6.1. KpaTKne TECOPETUIECCKUE CBCACHUA

Jlnst moBwImeHnsT KodhdUIMEHTa MOIMHOCTA W YIYYIIEHUS KadecTBa
BJIEKTPOSHEPTUUA IIUPOKOE NPUMEHEHHE Ha MPOMBIIUIEHHBIX MPEANPUITUIX
HaxoAaT KoHjeHcatopHble Oatapen (KB) BBICOKOrO M HHM3KOro HaIpPsHKCHHS.
MHorvue TpOMBIIIJICHHBIE TOPEANPUITAS B  TEUYCHUE CYTOK  UMEKOT
HEpPaBHOMEPHBIN T'pauK aKTUBHOW W PEaKTUBHON HArpy3ok. B cBs3m ¢ 3THM
U3MEHSIETCS U MOTPEOHOCTh B PEAKTHUBHOW MOITHOCTH, BbipabaThiBaemoini Kb
JUISl TIOJIJIEPXKAHUST HA MPEANPUITUIX TpeOyemMoro Ko3(PuiimeHTa MOIIHOCTH.
HepaBHoMepHBIE  Tpaduk Harpy3ku U  OTCYTCTBUE aBTOMATHYECKOIO
peryJIMpoBaHusl MOIIHOCTH KoMIleHcupywmmx ycrpoiucts (KY) wmoxer
BbI3BATh IIOBBIIICHUE HAMNPSOKEHUS B OTICIbHBIX Yy4aCTKax CETH, 4YTO
HEJIOMYCTUMO IS HEKOTOPBIX MPUEMHHUKOB SJIEKTPOSHEPTMH W CBSI3aHO C
W3JIMITHUM  PACcXOJOM BJECKTPOIHEPTMU M JONOJHUTEIBHBIMUA TMOTEPSIMU B
CeTsIX.

Jlnst oOecrieueHrsi YKOHOMUYHOW padOThl KOHJIEHCATOPHBIX YCTAaHOBOK
NPUMEHSIOT aBTOMaTH4YeCKoe peryinpoBanue MouHoctu Kb. PerymmnpoBanue
MOKET ObITh OJJHOCTYNIEHYAThIM U MHOTOCTYyNeH4YaThiM. [Ipu onHOCTYynIEeHYaToMm
perynmupoBanun  MomHocTH Kb ymeHbIleHME  Harpy3kd  BBI3BIBAET
ABTOMATUYECKOE OTKIIOYEHUWE BCEHM KOHJEHCATOPHOW yCTaHOBKU. [lpum
MHOTOCTYTIEHYATOM PETYJIUPOBAHUU MPOUCXOJIUT aBTOMATUUYECKOE BKIIFOUEHUE
WIM OTKIIIOUYEHUE OTIENbHBIX Oarapeid WM CeKIUi, Kaxaas U3 KOTOPbIX
CHa0XeHa CBOMM BBIKIIFOUATEIIEM.

Jnsg  perynupoBaHusT ~ PEAaKTUBHOM  MOIIMHOCTH  MCIIOJB3YETCS
aBTOMAaTUYECKOE pEryJupoBaHUE BO30YXJCHUS CHHXPOHHBIX MalluH U
peryimupoBanue Kb.  ABromarmueckoe  perynupoBanne Kb moxer
OCYUIIECTBIATHCS B (YHKIMM HANPSHKEHUs,, BPEMEHH CYTOK, PEaKTUBHOMU
MOIIIHOCTA U 10 KOMOMHUPOBAHHBIM CX€MaM B 3aBUCHUMOCTH OT HECKOJIBKUX
(bakTopoB.

PeryaupoBanue momuoctTd Kb B 3aBHCHMOCTH 0T HANpsiZKeHHs HA
HIUHAX T[IOJICTAHLIMU HCHOJIB3YKOT B TEX ClIy4yasX, KOrJa KOHICHCATOPHBIE
YCTAaHOBKH, Hapsiy ¢ OCHOBHOM CBOeW (DyHKIMEH, MCIOJB3YIOT TaKXke M JJIst
peryJiMpoBaHusi  HamnpsokeHus.  ABromartudeckoe  ympaBienne Kb B
3aBUCUMOCTH  OT HAIPSDKEHUsI OCYLIECTBIIETCA IIPU  TIOMOIIM  pEIie
MAaKCUMAJIbBHOTO U MUHUMAJIbHOrO HanpspkeHus. [Ipu CHM>KEHMM Harpys3kd u
MOBBILICHUN HANPSKECHUS PEJIe MAKCUMAIIbHOTO HAIPSIKEHUS OTKIIFOYAET BCHO
OaTapero win 4acth ee. [Ipyu yBeITUYeHUU HAarpy3Kd U CHUIKEHUU HAIPSKECHUS
peie MHUHUMaJIbHOTO HampsbkeHusi cHoBa BiimodaeT Kb, Bo wusbexanue
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JIOXKHBIX TEPEKIIOYEHUA TPU KPaTKOBPEMEHHBIX H3MEHEHUSIX HaNpsHKEHUS

BKJIFOUEHUE U OTKIIFOYEHHUE TPOU3BOIUTCS C BBIICPKKOM BpEMEHH OKOJIO0 15 c.
Ha pwuc. 6.1 mokazana mnpuHIUNHAIBHAS CXeMa OJHOCTYIEHYATOTO

yIIpaBJICHUS] KOHACHCATOPHOM yCTaHOBKOM B (yHKIIUHM BpeMeru [9].

6 kB ~ ~
SA YAC
L1 KL.1 SQ.1
?
KAT : : : Iy \\‘
Q T
[] P KT1
I 1
u f I 1 SQZ
L : YAT
KT2 :
S| PP
.H _KL2
\a KAZ jDKAT.z
E KH1 KL SB

o -
KAZ [[KH2

|
] KL3 L] 1

PT & I—
SX :

_/_
/\ i KL.4 SQ4 :I
— ' KT2

| |
—1 | ] ——"—> Ha curnan

Puc. 6.1. [IpyHIunuadbHas cXeMa OIHOCTYNEeHYATOr0 YnpaBJjeHUs1 KOHIeHCATOPHOii
YCTAHOBKOHW B PyHKIIMH BPEeMEHHU:

YAC, YAT - a5ieKTpOMarauThl BKIFOUCHHS U OTKITIOUeHUs cooTBeTcTBeHHO; KAT - 3amura
KOHJIeHCaTOpHOU ycTaHOBKH OT K3 (anmekrpomaruuthsiil anemeHT KAT.1) u oT nmeperpy3ku
TOKaMH BBICIIMX FapMOHHK (MHIYKIIMOHHBIN 251eMeHT KAT.2) Ha pene PT-80; KAZ -
3alIUTa KOHACHCATOPHON YCTaHOBKH

6.2. 3aganue

1. Co3paTh KOMMYTAIlMOHHYIO TIpOrpamMmy JUisli NPUHIMITHATIHHOM
AJEKTPUYECKOM CXEMbl OJHOCTYNEHYATOrO YNPAaBJIEHUS KOHJIEHCATOPHOU
YCTaHOBKOM.

2. Co3nath Busyanuzaiuio padorsl KPM.

3. [loaroToBUTH OTYET MO TIJIAHY:

° 11eJIb PaOOTHI;

o ONMHMCaHuEe TMpUHIMMNA PaObOTBl  CHUCTEMbl  ABTOMATHYECKOTO
yrpasieHuss KPM u 31eKTpUYECKON CXEMBL;
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o ONMCaHuE BU3yaln3auuu. bIoKk cxema. AJNropuT™M HOCTPOEHUS
BU3YyAJIN3alUH;
o BBIBOJIBI.

6.3. BoinosineHue padornl B mporpamme CodeSys

Jlnsg peanuzanuy NOpoOrpaMmbl  co3dalTe mnporpamMmy Ha si3bike LD,
ONUILNTE JIOKAJIbHBIE NEPEMEHHBIE, HAHECUTE JJIEMEHTHl MNPHUHIMIUATBHOM
ANEKTPUYECKOM CXEMbl Ha JIECTHHUILy M IPUCBOMTE MMEHA IMEPEMEHHBIX IO
cxeme (puc. 6.2).
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PROGRAM PLC_PRG

VAR
KL: BOOL;
YAC: BOOL,
YAT:BOOL;
S0 BOOL,
KT1: BOOL;
KT2: BOOL;
ON: BOOL;
AUTO: BOOL,
OFF: BOOL,
KATZ2: BOOL,;
KAT1: BOOL,;
KAZ: BOOL;
5B: BOOL,;
PT:BOOL,;
TONT: TON;
TON2: TON;
TON3: TON;
TR TR,
TP2: TP,
TR3: TR,
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Puc. 6.2. Peanu3anusi npuHUMNUAJIbHOI cxembl B mporpamme PLC_PRG
Ha si3bIKe LD (HauaJio)
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Puc. 6.3. Peanu3anusi npuHuunuaibHoi cxembl B nporpamme PLC_PRG
Ha si3bike LD (oxoHuaHue)

B o0Omactn ommcaHus JIOKaIbHBIX MNEPEMCHHLBIX OIIMIIUTC KOMIIOHCHTLI
CXEMBI.

PROGRAMPLC_PRG

VAR
KL: BOOL;//TIpomexyTouHOe pesie s OTKIIOUCHUS
YAC: BOOL; //KaTy1ika BKJIFOYCHUS BBIKITFOYATEIIS
YAT: BOOL,; //Karyiika OTKJIFOUEHUS BBIKIIIOYATEIIS
SQ: BOOL;//CocrosiHrie KOHTaKTOB BBIKJIFOUATEIS
KT1: BOOL;//Pene Boiiep>KKH BpEMEHH
KT2: BOOL,;
ON: BOOL,; //Kromka py4HOTr0O BKIFOUYCHHUS
AUTO: BOOL; //KHomka aBTOMaTHYECKOTO YIPaBICHHS
OFF: BOOL ;//KHormka OTKJIIOUYEHUS

KAT2: BOOL; //3amutra OT meperpy3kd TOKaMH BBICIIUX
TapMOHHK

KAT1: BOOL,; //3amuTa KoHaeHCATOPHOM ycTaHOBKH OT K3
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KAZ: BOOL,
SB: BOOL,; //Kuomka cOpoca camoyaep kaHus
PT: BOOL; /KoHTakTsl 4acoB
TON1: TON;//Taiimep BbIIEPKKH BPEMEHH
TON2: TON;
TONS3: TON;
TP1: TP;//Taiimep
TP2: TP;
TP3: TP;
END_VAR

Busyanuzanus

Busyanuzanuio paboThl MporpaMMbl peaju3yeM C MOMOIIbI0 KHOIOK
PYYHOI'0 ¥ aBTOMAaTUYECKOTO YIIPAaBJICHUs, KHOIIOK aKTUBALIUU 3aLlIUTHBIX PEJIe
Y KHOIIKM aKTHBallMMd KOHTAKTOB 4acoBoro mexanusMma (puc. 6.3). Ecaiu Kb
AKTHUBHA, TO TOPUT HAAIIUCH « BKIHOUEHOY.

= VISUAL =n Bo| =™

BENKOHYEHD [OTKNKYEHD

Puc. 6.3. Busyaauzanus

[Ipu cpabarbiBaHuM pejie 3alUThl HEOOXOAMMO C TIOMOIIBIO KHOIKU
«COpoc» OTKIIIOUHTH KaTYIIKy camMOyJepKuBaHMs. Bce KHOMKU peanu3yroTcs
uMeHHO kak kHomku, a «OFF» u «AUTO» kak mepemMeHHbIE MEepeKITIOYCHUs

(puc. 6.4).
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=] VISUAL = E=h=

BKNHOYEHO [OTKAHKDYEHO

HAHMWTE CEPOC

CEPOC

Puc. 6.4. Buzyanuszanus cpadaTbiBaHUsI IPOMEKYTOUYHOI0 peJie

Pabora nporpamMmmbI

B 3aBucumoctu ot monokeHus Bbikitouarens Q paboraer ynmbo perne
BpemeHu K71, muoo KT2. Kontaktel PT 31EKTPUUYECKUX YaCOB (3aMBIKAIOTCS
Ha 1=b5c), 3ampikasce, BkmoudaroT K771 wmm KT2. Tlpu otkmoueHHoMm Q
padoraer KT, npu BkiatoueHHOM Q - K72. Boiiepkku BpeMEeHH 000OHX pesie
BbIOpaHbl OJWHAKOBBIMM 3 c. [Ipum oTkiIroueHHOM BbIKIIOYaTesne Q ero
BcrioMoraresibHble KOHTaKThl SQ.2 u SQ.4 OyayT pazoMkHyThl, @ SQ.1 u SQ.3 -
3aMKHYTbIMU. [Ipn 3aMbikaHnuu KoHTakTa PT momyuut niuranue pene K71 u ¢
BBIJICP’)KKOM BPEMEHHM 3aMKHET CBOM KOHTAaKThl B IENH BJIEKTPOMArHuTa
BKJIFOUEHUST BBIKIIOUaTenst Q, BBIKJIIOUATENb BKIIIOUUTCS, a CJIEI0BATEIbHO,
BKJIFOUUTCS] KOHJIEHCATOPHAS] yCTAaHOBKA.

Hecmotpss Ha TO, 4TO mociie BKJIIOYEHHUS BBIKIIOUaTedss Q momydut
nutanue, pesne K72 (SQ.1 u SQ.3 pazomknytces; SQ.2 u SQ.4 — 3amknyres; PT
Oyner eile 3aMKHYT), HO OHO HE ycmeeT cpaboTarh, Tak Kak KOHTakT PT
PA30MKHETCSI PaHbIlle, YEM 3aMKHETCS KOHTakT K72 B Ienu 3JIeKTpOMAarHuTa
OTKJIIOYEHHUs TMpuBoja BbIkItouarenss Q. Takum oOpa3oM, KOHJEHCAaTOpHas
YCTAaHOBKA OCTaHeTCs nojakarodYeHHo Kk muHam 0.4 kB 1o ouepeanoro
3ambIKaHus PT.

[Ipu cpaGareiBanuu 3ammt KAT wim KAZ monydaeT muTaHue
npomexxytounoe peine KL, camoynepxuBaercss KL3 u paspbiBaeT I1emb
DJIGKTPOMArHuTa BKJIIOYCHHMS TpuBoAa Beikmrouatenss Q (konrtakt KL.1).
CamoygaepxuBaHuE MOXKET ObITh CHATO KHOMKOU «Ctom» SB.
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KOHTPOJIBHBIE BOITPOCBHI

1. Kakue Tumnbl JaHHBIX CYIIECTBYIOT?

2. Yto Takoe JIOKaJIbHBIE U TJI00aIbHbIC IEPEMEHHBIC?

3. Haznauenue Target-gaiina.

4. KakoBa crpykrypa LD-iporpammsr?

5. Kak B LD-nporpamme 3amar0T npoBEPKY COCTOSIHUSA BXOJHBIX JUCKPETHBIX
CUTHAJIOB?

6. Kakumm xomangamu B LD-nmporpamme GpopMHUpYIOT BBIXOIHBIE JUCKPETHHIC
CUTHAJIBI?

7. Kakum 00pa3zoM MOXKHO (PUKCUPOBATH BBHIXOAHBIC JUCKPETHBIEC CUTHAIIBI?
8. Kak BBITTOTHUTE KOH(UTYPAIMIO BXOTHBIX M BBIXOJHBIX TTEPEMEHHBIX ?

9. Kak npoBeputh npaBuiibHOCTh LD-nporpammei?

10. Kak 3arpy3utsb kox iporpammsl B T1JIK?

11. Kak 3amycTuTh mporpaMmmy B KOHTpOJLIEpe?

12. Taitmepsl. Cioco0 3amanus BpeMeHHoro nHTepBana B CoDeSys.

13. Ornnaue taitmepoB TON ot TOF.

14. Tumbl KOMIIOHEHTOB opranu3aiuu nporpamm (POU).

15. Crpykrypa IIK.

16. SFC — nuarpammel. Oncanue, COCTaB.

17. SI3pik ST. Onucanne. O61aCTh MPUMEHEHUS.

18. B yem cocTonuT HeOOXOAUMOCTh BU3Yyaau3aIui IIpoeKTa?

19. Cepgepnl nannsix (DDE u OPC). Ha3znauenue.

20. OnummTe cpeAcTBa, peam3yronye BoinoidHenne nporpamm s [JIK.
21. OnepaTopsl U IIUKJIBI HA si3bIKE ST.
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