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MoaenupoBaHue cueHapueB ynpaBrieHUss AMHaMUYeCKUMUN OO beKTamMum
Ha ocHoBe rpacuyeckoro a3bika X-Robot

C pocrom uncina QyHKIHH AMHAMIYECKUX OOBEKTOB YCIIOXKHSIOTCS AITOPUTMBI, HA OCHOBE KOTOPBIX (DYHKIIHOHUPYIOT
UX yCTpPOMCTBa ynpapjeHus. Takxke yBeIH4MBAIOTCS NMPOTrpaMMBbl, HAIIMCAHHBIE HA HU3KOYPOBHEBBIX S3bIKAX MPOrpaM-
MHPOBAHUsI KOHTPOJUIEPOB, YTO YCIOXKHSET IPOLECC X OTIAAKU. AKTyalbHOCTh Pa3pabOTKU HOBBIX CPelCTB (opmu-
pPOBaHHS M MOJCIMPOBAHHS ClLEHApUEeB (YHKIMOHHUPOBAHMSA KOHTPOJUIEPOB OOYCIIOBICHA HEOOXOIMMOCTBIO y4ETa
MHOTHX HaOTI0[aeMbIX MEPEMEHHBIX U HCIONB30BaHNUS Psijia YNPABIAIOIINX BO3ACHCTBHMN, a TakkKe HETPUBHAIBHOCTHIO
ITOPUTMOB (DyHKIIMOHUPOBAHUS KOHTPOJLIEPOB.

PaccmarpuBaroTCcs IPUHOUIEI MOASIHUPOBAHUS CIIEHAPHUEB YNPABICHUS TUHAMHYECKUMH OOBEKTaMH C HCIONb30BAHH-
eM rpadudecknx HoTarmi s3pika X-Robot. [ToMrMO TpagUIIMOHHOTO TEKCTOBOTO NPEACTABICHHS IIPOTPAMMEI, HA3BI-
BaeMOM CIleHapHeM, Ul JaHHOTO S3bIKA MpeUIokKeHa U pa3paboTaHa rpadudeckas HHTEPIPETAIns, CTaBsmas st Ka-
JKIIOW €ro KOMaH/BI OIpeleieHHbI KoMInoHeHT. ['paduueckoe GopmupoBaHue ClieHapHeB OCYIIECTBISETCS B cpeje
KoMIbloTepHOro mMozenupoBanusi MAPC Ha jornyeckoM ypoBHE MHOTOYPOBHEBOW KOMIIBIOTEPHOH MOJENH, Ha 00b-
€KTHOM YPOBHE KOTOPOIl pacronaraercs MOJelb yIpaBIIeMOro AMHAMHYECKOT0 00BEKTa C BKIIFOUEHHBIMU B HEE MOJie-
JSIMH MCTIOTHUTETBbHBIX M HM3MEPHUTEIBHBIX YCTPOHCTB. DTO OTKPBHIBAET BO3MOXKHOCTU (POPMHMPOBAHHS CIIEHAPHUEB
yTpaBieHHsl B rpadudeckoil Gopme U MX MpeaBapUTEIbHON OTIAAKH Ha MOAENM JUHAMUYECKoro oObekTa. Ha Bu3y-
IFHOM ypPOBHE MHOTOYPOBHEBOI KOMITBIOTEPHOI MOJETH PAcIOaraloTcs YIpaBISIONHe KOMIIOHEHTHI, C OMOIIBIO
KOTOPBIX II0JIb30BATENIb NMEET BO3MOXKHOCTE BO3/I€IICTBOBATh Ha MOZENb 00BEKTa M MOZENE CIEHApHs, a TakXKe KOM-
TIOHEHTHI-BU3YJIN3aTOPbI, OCYIIECTBISIONNE 0TOOpakeHHE AJISI ITOIb30BATENs JAHHBIX JUIS BU3YAIIM3alliH, KOTOPEIMU
MOTYT OBITh KaK 3Ha4YeHHsI HaOJII0JaeMBIX NIEPEMEHHBIX 00BEKTa, TaK U MX 0000IIEHHbIE MapaMeTphl-QyHKIMOHAbL. B
HacTosiee BpeMs pa3pabOTaHHBIN rpapUyecKuil SI3bIK MOJCIMPOBAHUS CICHApHEB aJalTHPOBAaH K KOHTPOILIEPY
X-Mega, HO BeyTcs HCCIEOBAHUs MO €r0 Pa3BUTHIO M IPUMEHEHHUIO K YIIPABIISIONIMM KOHTPOJUIEpAM JPYTHX THIIOB.
KunroueBble ciioBa: KOMIIOHEHT, KOHTPOJUIED, CLEHAPUH, AMHAMHYECKUH OOBEKT, MHOTOypOBHEBAasl KOMIIBIOTEpHAs
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B Hactosmiee BpeMs mIpu peanu3alid yCTPOWUCTB
VOpaBICHUS TONYYWIM IIHPOKOE pPACHpOCTpaHEHHE
pasnuuHble KoHTpoiutepsl: X-Mega [1, 2], Arduino [3] u
1. VX (yHKIMOHMpOBaHHE OCHOBAHO Ha CICHApUSIX,
KOTOpble (opMHpPYIOTCS Ha pa3IMYHBIX S3bIKaX IIPO-
rpaMMHUPOBaHUs. BONBIIMHCTBO M3 HUX SBISIOTCS WU
NpUOIMKEHBI K S3bIKaM ITPOTPaMMHPOBAHUS JUISL JIOTH-
YeCKUX KOHTpoJuiepoB. K OONBIIMHCTBY W3 CYIIECT-
BYIOIIIMX KOHTPOJUIEPOB CO3IAHBI IPOTPAMMHO-HHCTPY-
MEHTAJIbHBIC CPENCTBAa MPOTPAMMHUPOBAHHUA U (POPMHU-
pOBaHMsI CIICHapHWEB B TEKCTOBOW WM Tpaduyaeckoit
tdhopme [4]. 3agacTyio oTiagKa W HACTPOWKA yCTPOHCTB
YIpaBJICHUS C MCIIOJIb30BAaHHEM peabHOTO 00bEeKTa 3a-
TPYIHEHbl WJIM HEBO3MOXKHBI BCIEICTBUE PA3JIMYHBIX
npuynH. K HMM OTHOCSTCS CIIOXKHOCTh TEXHMYECKOM
pean3aliii UCIOJHUTENbHBIX U HU3MEPHUTEIbHBIX yCT-
POMCTB, HEOOXOOMMOCTh pacdyera WM Hoxdopa 3Hade-
HUA WX TapaMeTpoB, OE€30IacHOCTh HCIOJIB30BAHUS
o0beKTa ympaBJieHUs, a Takke Oonbline (UHAHCOBHIC
3aTpaThl AT IOCTAHOBKU PEANbHBIX SKCIICPUMEHTOB.

BoNBIIMHCTBO S3BIKOB MPOTPaMMHUPOBAHUS KOH-
TPOJIICPOB COMIACYIOTCSA C MEXKIYHApPOXHBIM CTaHIAp-
tom IEC 61131 [5], Barouaromum B cedst Tpu rpadude-
CKUX M JIBa TEKCTOBBIX si3bIKa. [ paduueckue s3piku Oa-
3UPYIOTCS Ha pa3iuyHbIX Tpaduueckux riardopmax:
s3plk LD sBRsieTcs mporpaMMHOM peanu3aiuen siek-
TPUYECKHX CXeM Ha 0a3ze JJIEKTPOMAarHUTHBIX peJle.
S3pik FD mpeacrapinsier cueHapuii GpyHKIMOHMPOBaHUS
KOHTpOJIJIepa B BU/I€ HEKOTOPOH ITOJIIPOrPaMMBI, a SI3bIK
SFC ocHoBaH Ha 0a3e MareMaTWYecKOro ammapara ce-

teit [letpu [6]. TekcToBBIE S3BIKM aHATIOTHYHBI U3BECT-
HBIM SI3BIKAM MPOTPAMMHUPOBAHUSA: CIICHAPUU (PYHKITHO-
HUPOBAHUSA KOHTPOJUIEPOB, HAMHCaHHble Ha s3bIK ST,
HaIlOMHUHAIOT MporpaMmsl si3bika [lackais, a crenapuu
si3bIka 1L 1momoOHBI MporpaMmaM, HalMCaHHBIM Ha SI3bI-
ke AcceMoOnep.

Jlyist mporpaMMHUpOBaHMsT KOHTPOJUIEPOB € MCIIONb-
30BaHMEM OOO3HAUYEHHBIX SI3BIKOB HCIIONB3YIOTCS CHC-
tembl CodeSys [7, 8] u ISaGRAF [9]. Apromarm3upys
Bce HeoOxommMble (QYHKIUHU MO pa3paboTKe CIeHApws,
MIPOIIMBKH €r0 B KOHTPOJUIEP C MOCIEAYIOUINM TECTH-
pOBaHHEM W OTIAAKOW pa3pabOOTaHHOTO KOAa, JaHHBIE
CHCTEMBI HE BKIIFOUAIOT B CBOIM COCTaB CPEACTB MOJEIH-
pOBaHUS YIPABIAEMBIX TEXHUUYECKUX OOBEKTOB. JTO HE
MO3BOJISIET OCYLIECTBIISITh IIPEJBAPUTEIILHYIO OTJIaJKy
pa3paboTaHHOIO CIICHAPHS Ha MOJENIM 00BEKTa, a pe/-
oJaratoT paboTare HaNPSMYIO C PEaJbHBIM OOBEKTOM.
Hcnons3oBanne Mopeneil ynpaBiisieMbIX OOBEKTOB Ha-
MIPaBJIEHO Ha CYIIECTBEHHOE OOJIerYeHne pa3paboTKu 1
OTJIAJIKU CLIeHapHeB (PyHKIIMOHMPOBAHUS KOHTPOJUIEPOB.

Jns pemiennst maHHBIX MpobOiIeM B paboTe mperia-
raeTcs WCIONb30BaTh rpadUuecKuil sS3BIK (HOPMHPOBa-
HUsI CLIEHApPHEB YIIPABISIONINX KOHTpoJUiepoB X-Robot
[10], a Takke BCTPOEHHBII B CpEeAy MHOTOYPOBHEBOTO
KoMIibloTepHOro MojaenupoBanuss MAPC [11] monyns
rpadguyeckoro MonenupoBanus creHnapueB [12]. SI3bix
X-Robot nMeeT TeKCTOBYIO HOTAIIUIO, TIPUOITMKEHHYO K
HU3KOYPOBHEBOMY $I3bIKy AcceMmOnep, KoTopas He IO-
3BOJISIET MHTETPUPOBATh CLIEHAPHH C MOJEIbIO OOBEKTa,
NIPeJCTaBICHHON B cpeae moxenupoBanus MAPC. ns
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peureHus mpobieMbl B pabote mpemaraercs rpadude-
CKas HHTeprpeTanus s3blka X-Robot, mo3Bosstomas
HHTETPUPOBaTh pa3pabaThiBaeMblii CIIEHApUl C Moje-
JIbIO ympaBiseMoro oowekra. OHa 103BOJIsSET pa3paba-
THIBaTh CLICHAPUH B KOMITOHEHTHOH (popMe u ocyIiect-
BJIATbH UX NPEABAPUTCIIbHYIO OTIaJKy Ha KOMIIbIOTCP-
HBIX MOJENISIX OOBEKTOB YIPABIEHUS, HCCIENys IpH
9TOM HaOIONAaeMble XapaKTEPUCTUKU MOJENH YIpaB-
nsieMoro o0beKTa M BapbUpys pa3indHble €€ IapaMeTphl,
a TaKKe YIpapJIIoIne U BO3MYIIAIONINE BO3JCHCTBHS.
Monyns MOIENUPOBAHUS CIICHAPHEB JIEKHUT B OC-
HOBe pa3paboTKu Kypca JJabopaTOpHBIX padoT Mo AMC-
numuinHe «OCHOBBI IPOEKTUPOBAHUS CHCTEM U CPENCTB
yIpaBIEHUS», ABISIONMEiics 0a30BOi MpohuInpyromeit
JTUCHUIUIMHON TIPU TIOATOTOBKE OakalaBpOB IO HAIPaB-
neHnio «CUCTeMHBIN aHaJIN3 U yIIpaBlIeHUE».
CueHapuii A3bIKa ynpaBJeHHsA
JUHAMHYEeCKHMH 00bekTaMu X-Robot
[ToBeneHne TMHAMIYECKOTO 0OBEKTA ONUCHIBACTCS
crieHapueM Ha si3bike X-Robot [10]. On pa3our Ha Oo-
KH, OTPENeIISIOINE OTAEIbHbIE POLECCHI, BHITOIHSIO-
mrecs mapajuienbHo. Kakaprii mporecc mmeer coOct-
BEHHYIO JIOKAJIBbHYIO SUCHKY MaMSATH — aKKyMYJSTOD,
COOCTBEHHBIN TaliMep U PETUCTP COCTOSIHUS IUIS YCIIOB-
Horo BerBieHHMA. K arpubyram mpomecca OTHOCATCS
¢duarn  OKUIAHMS, KOTOPbIE IMPH 3allyCKe CleHapHs
cOpachIBarOTCs ISl BcexX mporieccoB. Kaxkaplii mporecc
NpeACTaBIsIeT co00W OE3yCIOBHBIN IMKII C OMIIMOHHON
CEKLIMEH IPEeBapUTEIIbHOM HACTPOMKH, PAaCIIOIOKCH-
HOHM B HauaJe Ipoliecca. 3a Heil uieT ero pabodasi cex-
LYsl, TIOCJIE BBIMIOJIHEHHMS MTOCIIeHEH WHCTPYKIMU KOTO-
poii ocymiecTBisieTcs: 6e3yCIOBHBIN Mepexos] Ha MepBYIO
WHCTPYKIHIO pabouei cexiiu. [lepen STiM mpon3BOIuT-
Cs1 TIOTTBITKA TIEPEKITIOUNTHCS Ha CICAYIOIMINI MpoIecc.
[Ipu mepBoM 3amycke CIeHapHs MOCIeN0BaTeIFHO
3aITyCKalOTCs BCE MPOLECCH, HaunHas ¢ mepBoro. Ecmu

B TEKCTE BBINOJHAEMOTO IPOLECCa BCTPEYAETCSI WHCT-
PYKILMSI OKHIAHMS WM JIIOOOTO0 M3MEHEHHS IOpsIKa
BBITIOJIHEHHUSI MHCTPYKIWH, BBIMOJIHSIETCS IOIBITKA IIe-
PEKIIIOUEHHUs Ha cieayrowui npouecc. Eciu ero Het, To
CHOBa BBIIIOJHAETCA NepBbI mnpouecc. MHcTpykuuu
OXHMJaHus B3BOJAT uiar oxkupaHus nponecca. OH rie-
pecraeT 00padaThIBaThCsl TUCIIETYEPOM U HE 3aHUMAET
MIPOLIECCOPHOTO BPEMEHH KOHTPOJIIEpa.

B HacTosimee Bpemsi CyIIecTBYyeT ABa crocoba
dhopmupoBaHus CrieHapHeB s3bika X-Robot: TeKCTOBBIH,
KOTJa CIeHapHid (POPMUPYETCS B JIFOOOM TEKCTOBOM pe-
JIAKTOpE B BHUJE MHCTPYKIMH C UX pa3delICHUEM Ha Mpo-
LEeCChl, U Tpa(UUECKUil, P KOTOPOM KaXKIOH HHCT-
PYKIMH $SI3bIKA CTABUTCS B COOTBETCTBHE KOMIIOHEHT,
pean3yomMid €ro B paMKax MOIYJS MOAEIHPOBAHUS
CIICHApUEB Cpelbl MHOTOYPOBHEBOIO KOMIIBIOTEPHOTO
MOZIEINPOBAHUSL.

MHoroypoBHeBasi CTPYKTYpPa KOMIbIOTEPHOM
MO/eJH B MOIYJIe MO/IeJIUPOBAHHS ClleHAPHEB

Monyne MonenupoBaHusi CLeHapueB B Qopmare
s3pika X-Robot peanmn3oBaH B pamMkax cpemsl MHOTO-
YPOBHEBOTO KOMITbIOTEpHOTO MoznenupoBaHust MAPC
[13]. Ero ocHOBHBIMU 3a71a4aMu SIBJISTFOTCSI:

— MOJENMPOBAaHHE U aHANMU3 MOBEICHUS OOBEKTa
ynpaBieHus] IpH (OPMHUPOBAHWM M BBIIIOJIHEHUH pa3-
JIMYHBIX KOMaHJ YIIPaBJICHUA,

— (hopmupoBaHHe CreHapHeB (DyHKIMOHUPOBAHUS
YIPaBISIIOIINX KOHTPOJUIEPOB M OTIaAKa MX Mapal-
JIETIbHBIX ITOTOKOB HA KOMIIBIOTEPHBIX MOJEISIX OOBEK-
TOB YIIPaBJICHHUS;

— MHTEpHpeTanys cOpMUPOBAHHOTO IpadUIecKo-
r0 CIEHapus B KOJ C MOCIEAYIOIIUM IpOrpaMMHUpPOBa-
HHEM KOHTpPOJUIEPA;

— OWIa/IKa MOBEIEHHUS MOZEIH OOBEKTa C UCIIOJb-
30BaHHEM BUPTYaJbHBIX IPHOOPOB, pa3pabOTaHHBIX
B CHCTEME BHUPTYaJIbHBIX HMHCTPYMEHTOB M IpHOOpOB
[14, 15].

VYnpasnstomue
KOMITOHE HTBI

BU3YAJIbHBIA YPOBEHb
INarens BU3yanu3almy U yIpaBIcHUs

KommnoneHtsI-
BH3yaIN3aTOPHI

Z — NaHHbIe 1S
BH3yIN3a 1IN

JIOTMUECKUI YPOBEHb
CL[eHapHﬁ BBIYH CIIMT CJIBHOT'O SKCIIEPUMEHT aa

V — 3HaY eHU sz
TpeOyeMBbIX MOKa3arenei
U XapaKTePUCTHK
IKCIIEPUMEHTA

R broku o6paboTku
Cuenapuit XR [ pe3yJbTaToB ¢
\ MO/ICITUPOBaHHsI /
¥y — 3Ha4 CHUS
u — YIpaBJIsIo e
N Ha0JII01ae MBIX
BO3ICHUCTBUS HA
mapamMmeTpoB 00BEKTA
oA / OBbEKTHbII YPOBEHb MecnenoBans
Monenu U Y Monenu
Mogens o0bekTa
| HCIOJHUTCIIBHBIX [P n [  HM3MEpUTENbHBIX
N HCCIEI0BaH s o
K YCTPOWCTB YCTPOHCTB

Puc. 1. CtpykTypa MHOTOYpOBHEBOI KOMIBIOTEPHON MOJIENH T (POPMUPOBAHUS U OTIAIKU TpadhUueCKuX CIIEHApHEB
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KommeroTepHast Monenb, TpeaHa3HAuUeHHAs IS
(hopMHUpPOBaHMS W OTINAAKU CIICHAPHEB YIPAaBICHUS,
[IPEICTABIEHa MHOIOYPOBHEBOM KOMIIBIOTEPHOM MoOe-
neio [16] (puc. 1), Ha Tpex ypOBHSX KOTOpPOW pacmoia-
raloTCsl B3aUMOCBSI3aHHBIE MOJICIIH:

— Ha OOBEKTHOM YPOBHE pPacIOJIOKEHa KOMIIbIO-
TepHasi MOJeNIb O0BEKTa YNPABICHHS C MOAKIIOYEHHBI-
MH K HEH MOAEISIMH WU3MEPHUTENBHBIX U MCIOJHHUTEINb-
HBIX YCTpOHCTB. OHUM (POPMHUPYIOTCSI HA OCHOBE METOJa
KOMITOHEHTHBIX Ieniedd [17] u B oOmeM ciydae mpen-
CTaBILTIOT CO0OH cHucTeMbl anreOpo-auddepeHans-
HBIX ypaBHeHUH. PopMupoBaHue o0IIel MOIeTH B BUIE
cucrtembl  anredpo-auddepeHnnanbHbIX  ypaBHEHHH,
JIMHEeapH3alns HEIIMHCHHBIX M anreOpamszanus audde-
PEHIHMATBHBIX YPaBHEHHH C MOCIEIYIOIINM PEUICHHEM
CUCTEMBl JIMHEWHBIX aire0pandyeckux ypaBHEHUH Ha
Ka)KJIOM IlIare aHajin3a Mo BPeMEHH MPOM3BOIUTCS YHHU-
BEPCAJIBHBIM BBIYUCIUTENBHBIM sipoM [18]. C momo-
IIBI0 MOZENeH M3MEPUTEIbHBIX YCTPOWCTB, UMEIOIINX
cBOU rpaduyeckue OTOOpaKeHUS OZHOBPEMEHHO Ha
MHOTOYPOBHEBOM KOMITBIOTEPHOH MOZEIN OCYIIECTBIIS-
eTcs Tepelada 3HAueHWH HAOIIOIaeMBIX IEePEeMEHHBIX
00BeKTa yIpaBieHus y ¢ 00bEKTHOTO YPOBHS HA JIOTH-
YECKHI;

— Ha JIOTHYECKOM YpoBHE (hopmupyercss GyHKIIHO-
HaJbHAs MOJENb yCTPOWCTBAa YIpPAaBICHHSA B BHUJAE Ia-
paJIeNBHBIX TOTOKOB CIIGHApHs, B3aHMMOCBS3aHHOTO C
MOZENbI0 00bekTa yrpasieHus. DyHKIMOHHPOBaHUE
CIIEHapUs OCYILECTBISIETCS] aJIrOPUTMOM Mepeladu Co-
oOmienutii [19];

— Ha BU3YAJIbHOM YPOBHE PacIIojlararoTcsi CpeJicTBa
BU3YyaJIM3allMU PE3YJIbTaTOB MOJAEIHPOBAHUS U PaOOTHI
CIICHAPHsI YIPABJICHUS, a TAKKE CPEICTBA MHTEPAKTUB-
HOTO YIIpaBJICHUS 33Jal0NINMH Bo3neiicTeusamu [20, 217.

®opMupyeMblii Ha JIOTUYECKOM YPOBHE MHOIO-
YPOBHEBOH KOMITBIOTEPHOW MOJAEIH CIeHAapHid (QyHK-
IUOHUPOBAHMUS YIIPABISIONIET0 KOHTPOJUIepa B hopmare
rpaduUecKoro mpeACTaBICHUs HOTAIUi s13biKka X-Robot
Ha OCHOBE 3HA4YEHWH HAOIIONAaeMbIX MEPEeMEHHBIX 00b-
€KTa YIpAaBJECHUS ) OCYIICCTBISET BHIPaOOTKY yIpaB-
JIAIOIIMX BO3JAEMCTBUH HA MOJENb MCHOJHUTENBHBIX
ycrpoiictB u. C ¢GhopManbHON TOYKH 3pEHHS CIICHAPUN
YIpaBJICHUS] MOXKET OBITH MPEICTABICH MOJIEIBIO

U= Fsdy),
e Fgc — GyHKUUA crieHapws, 3aJaHHas B SBHOH Qopme
B BHIE Habopa IOCIENOBaTEeIbHO COCAMHEHHBIX 3JIe-
MEHTAPHBIX HHCTPYKIMA (KOMaH[I) S3bIKa YIIPaBICHUS
Mmexanuzmamu X-Robot.

Knaccudukanusi KOMIOHEHTOB rpadgpuuyeckoro
cueHapusi

KommnoneHT, oToOpakaroluii ofHy U3 MHCTPYKIHA
(xomann) s3pika X-Robot, npencrasien Ha puc. 2 u co-
JIEPKUT CIIEAYIOLIHE CBSI3H:

1) BxoxmHble MH(pOPMAMOHHBIE CBsA3H X1 U X2, 1o
KOTOPbIM B KOMIIOHEHT MEpeNaroTCsi 3HAYeHUs! BCTY-
MAIOMIAX B OTIEPAIIHIO OTIEPAHIIOB;

2) ympasmsronie cesu Ul u U2, mpuuem Ul
MpeIHa3HadYeHa [Tl IpHeMa CHTHajla Havajia BBITIOJTHE-
HUS omeparun, a U2 — Ui mepefadn yIpaBiIsIOIero
CUTHAJa CJIEAYIONIEMY KOMIIOHEHTY;

3) BeIXOmHAS WHPOPMALMOHHAS CBA3b Y, IO KOTO-
pO¥i epenaeTcsi pe3yNbTar BBIIOIHEHUS ONIEpaLIUH.

Xlo—=—
X2 OP |o=¥
Ulo o2

Puc. 2. O600IIeHHBIIT KOMITOHEHT orepariu s3bika X-Robot

B psime KOMIIOHEHTOB, OMHCHIBAIOIINX OTIEPALINU
BETBJICHUS, IMEETCSI O/THA BXOJHAS YIPABIIIIONIAs CBSI3b
Ul u onna BxoaHas nHpopmannonHas csa3b X1. Ha oc-
HOBE aHAM3a MOCTYMAIOIIEro M0 Heil 3HaueHHs mepe-
MEHHOW OCYIIECTBIISIETCSl BETBICHHE CLEHAPHsS 110 OJl-
HOM W3 BBIXOJHBIX YIpaBIAOMUX cBszei: U2, U3, ...,
Un. HexoTopble KOMIOHEHTBI MOTYT HMMETH TOJIBKO
YIIPABJISIIOLINE CUTHAIIBL.

PaccMoTpuM OCHOBHBIE KJlacChl KOMIIOHEHTOB, U3
KOTOPBIX OCYIIECTBIsIeTCS (opMHpOBaHUE Tpadude-
CKUX CIICHApHEB.

KomnoneHThI Hayajia 1 OKOHYAHMSI TPOIECCOB
U MOANPOrpaMM NpeaHa3sHaYeHBI [UIsI 0003HAYCHHS OII-
peneneHHbIX OJIOKOB ClieHapus, a TAaKXKe MO3BOJIIOT OT-
JIenuTh ONOK WHHUIMAIW3aldHd OT OCHOBHOTO IIOTOKA,
LUKJIMYECKH BBIMOJHSIOIIETOCs MpH padoTe CleHapusl.
Kakplit KOMIIOHEHT JaHHOTO KJIacca BKIIIOYAET TOJIBKO
onHy BxoAHylo Ul u omHy BeIXOAHYyH U2 ympaBisio-
mye CBsI3U. B maHHBIN Kilacc KOMITOHEHTOB BXOJISIT KOM-
MMOHEHTHI, o0Oo3Havarome Havdanmo (Begin Process) u
xorer npomecca (End Process), Hagana nukia mpomecca
(Begin), a Taxke KOMIIOHEHTHI, TIPH BEITIOJIHEHUN KOTO-
PBIX TIpOU3BOAUTCA OE3yCIOBHBIA TEPEXOn Ha Hadajo
Iporecca Kak ¢ BBIIOJHEHHEM OJI0Ka WHHUIIHAIA3AIUN
(INT), Tak u 6e3 BoinoHEHHUs 3T0r0 O1oKa (RST).

Kiacc kKOMIOHEHTOB B3aMMOJEHCTBHSI CIl€HA-
pus ¢ AaTYMKAMM U UCTIOJTHUTEJISIMM COICPKUT § KO-
MaHJ| CUMTHIBaHUS MH(pOpManmu ¢ nardukoB (/n0, ...,
InT), a Taxxke 8 KOMaHJ NepeAayd KOMaH] HCIIOJIHUTE-
M (ExO, ..., Ex7). Kaxnaplii 1aTYUK ¥ HCIIOIHHUTENH
3a1aTcs cBouM HomepoM oT 0 o 255. Ilo BxomHOIM
ynpasisromed cBssu Ul ocymecTsisieTcss mnepenada
KOMaH/bl Ha BBIIOJHEHHE, YIPAaBIAOmAas CBA3bp U2
MpegHa3Ha4eHa I TepeAaqd IPYTHM KOMIIOHEHTaM
CHUTHAJIa O 3aBEPIICHUN BBHIITOTHEHUS KOMAHIBI.

Kiacc KOMIOHEHTOB KOMAaH/A OXKUAAHMA TIpeI-
Ha3Ha4YeH JJI OCTAaHOBKH HEKOTOPOTO TpoIecca J0 BBI-
MTOJTHEHUSI OTIPEIENICHHOTO COOBITHS WM TOCTHIKEHHUS
ompeneieHHoro BpemeHH. OOOOIIEHHBIH KOMIIOHEHT
3TOro KJiacca IpecTaBiIeH Ha puc. 3.

Xlo—=
o= W

e o2
Puc. 3. O000mEHHBII BUI KOMIIOHEHTOB OKHIaHHUs

O’xuaHue HauMHAeTCs C MOMEHTA BPEMEHH, Korja
MOCTYTaeT cOOOIIeHNne Ha yIpaBisonyo cBss3bp Ul. B
MOMEHT HACTYIUICHHS OXXUAAeMOIr0 COOBITHS OCYILECT-
BIIICTCS Iepefada cOOOIIEHNs 0 YIPABIAIOMEH CBA3M
U2. Tlo unpopmannoHHbIM CBs3sM X1 u X2 B KOMIIO-
HEHT IIPU OTIAJKe CLEHapHs IOCTYNAIOT AaHHBIE, Xa-
PAKTCPUIYIOIINEC 3HAYCHUA ONIPEACICHHBIX ITECPEMCHHBIX
WM TeKyliero BpeMenu. K 1aHHOMy KJ1accy OTHOCSTCS
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KOMIIOHEHTHI: OKHJIAHMS 33JaHHOTO MPOMEXYTKa Bpe-
menu (WT), oxunanus coobmenns (WM), oxugaHus
paBeHcTBa nepeMeHHbIX X1 = X2 (WD), oxxunanus He-
paBeHcTBa nepeMeHHBIX X1 # X2 (WND), oxumanus
6onbiie X1 > X2 (WDH), oxxunnanust menbie X1 < X2
(WDL). [ocnenoBare/ibHOE COCAMHEHHUE JaHHBIX KOM-
NOHEHTOB B T'PYMIBl IPEICTABIAET COOOW CTPYKTYpY
«MJI». Ons ux BitodeHus B cxemy «M» ucnonssyer-
Csl KOMIIOHEHT, o0o3Havatommii komangy BAND si3pika
X-Robot.

Knacc xoMnoHeHTOB paGoThl ¢ moaNporpaMma-
MM COIEpPXKHUT KOMAHABI, IO3BOJISIOIINE IPEICTABUTH
OZINH U3 MPOLIECCOB CLIEHApUs B BUE MOANPOrPaMMBbI U
BBI3BATH €T0 M3 JAPYroro mpotecca. st 3Toro Kommo-
HEHTaMH NPEICTABICHBI CIEAYIOIINE KOMAHIbI:

— komasJia Be3oBa noanporpammsl (CALL) — ye-
TaHABJIMBACTCSl B IPOLIECC, KOTOPBIA JIOJDKEH BBI3BAThH
JIpyroi mpoiiecc;

— KOMaHJa OXXHJaHWS BBI30Ba IIOJIPOrPAMMBI
(WR) — ycranaBmmBaercsi B IPOLIECC-TIOAIIPOTPAMMY,
KOTOpasi JIOJDKHA BBIMOJHUTHCS 110 COOTBETCTBYIOILEH
komanne CALL.

Knacc koMnoHeHToB apudgMeTHYeCKUX U MOOU-
TOBBIX ONEPalMii BKIIOYAET B CEOSI KOMIOHEHTHI, IS
BBINOJHEHHUS OCHOBHBIX OMHAPHBIX apu(METHUECKUX U
MOOWUTOBBIX omeparuii. K HUM OTHOCATCS: NMpUCBanBa-
HUE TlepeMeHHOW Hekoroporo 3Hauernsa (MOV); cym-
mupoBanue (ADD), Beruntanue (SUB), moGuroBoe U
(AND), noo6urtooe MJIM (OR), moburoBoe HCKIIIO-
yarorree MJIM (XOR), koMaHaa mepecTaHOBKU OaiToB
(SWAP) u xomans! noburoBoro cyisura Bieso (LSL) u
Bipaso (LSR).

Kaxnas w3 3TuX KOMaHI BBIMOJIHAETCS IPH IO-
CTYIUIEHMM Ha ynpasisiomuid Bxox Ul KomMInoHeHTa
(cM. puc. 2) currana O BBIIOJTHEHUH HaJl MOCIEIHUME
MTOJTyYeHHBIMH 3HAYCHUSAMH OTlepaHaoB X1 u X2.

Bce mepemeHHBIE SABISIOTCS IIOOAIBHBIMH, U HX
3HAUECHUS] OAMHAKOBBI JUIS BCEX IOTOKOB cLeHapus. [Ipu
9TOM y KaXJIOTO M3 IPOLECCOB €CTh OfIHA JIOKAJIbHAs
NepeMeHHasl, Ha3blBacMasi aKKYMYIAMOpPOM, 3HAYCHUE
KOTOPOH JIJIS K&XKAOTO U3 IPOILIECCOB CBOE.

Knace KOMNOHEHTOB M3MEHeHHUs] MOPSAIKA BbI-
MOJIHEHHsI Tpolecca MpeJHa3HaYeH Ul OCYyLIEeCTBIIe-
HUsSI W3MEHEHHMs II0CIIEI0BATEIBHOTO TOPSIKA BBIIOI-
HEHMsI KOMaHJ| Ipolecca, BETBICHUS, IUKIOB U T.I. K
3TOMY KJIACCY OTHOCSTCS CIEAYIOIINE KOMITOHEHTBI:

— Kommonent «Cpasaernue» (CMP) mpu momyde-
HUM COOOIICHUH O BBITIOJIHCHUH 110 YIPABJISIONICH CBs-
3u Ul ocymecTBisieT cpaBHEHHE HOCIEAHUX 3HaYCHUH
MEPEMEHHBIX, MOCTYNHMBIIMX M0 HWH(OPMANNOHHBIM
cBa3aM X1 m X2, u Ha BBIXOJHYIO HWH(OPMALHOHHYIO
cBs13b Y mepenaet 0, ecmu X1 = X2, 1, ecnu X1 > X2, u
2, xorga X1 <X2.

— Kommnonent «Betsiienne» (CASE), mMeromuii
HECKOJIBKO BBIXOAHBIX yHpaBisromux csszeit (U2, U3,
..., Un), IpOM3BOJUT aHAIN3 3HAYEHUs, TIOCTYIHBIIETO
mo MH(GOPMAIIMOHHOH CBSI3U X1, B COOTBETCTBUHU C KO-
TOPBIM TIOCBUIAET COOOIICHHE IO OZHOW M3 BBIXOAHBIX
YIPABISOLUX CBA3EH.

— Komnonent «Br16op no cpasHenuto» (CASES)
0 CBOEH BXOAHOW mH(opManmoHHO# cBsi3u X1 ocymie-

CTBISIET NPUEM 3HAUYCHUS Pe3ysibTaTa ONEeparuidi cpas-
HEHUS! W NEPEHAIPABICHNE BBINOIHEHUS CLEHApUs 110
OJHOM W3 BETBEH, KaXJas U3 KOTOPBIX COOTBETCTBYET
cutyauusM «Menbuie», «PaBHo» uinu «bonbiey.

— Komnonent «Bo3Bpar u3 CTpyKTypel cpaBHE-
nus» (RETS) ycranaBnuBaercss B ofHy U3 BeTBeii, 00-
pa3yeMbIX KOMIOHEHTOM «Bb100p 1o cpaBHeHuto». [1pu
MOJYYEeHUH COOOLIEHUSI II0 BXOIHOH YIpaBISIOIIECH
CBSI3M JIaHHBIM KOMIIOHEHT OCYIIECTBIISIET Oe3yCIOBHBIN
nepexosa Ha Hauajo komaHael CASES, B cTpykType Ko-
TOPOH OH YCTAHOBJIEH.

— Kommonenr «KoHen CTpyKTypsl BBIOOpa»
(ENDC) ycranaBnmBaeTcsi B KOHEIl KaXKJI0i BETBH Clie-
Hapus, OOpa3O0BaHHOH CTPYKTYpaMH KOMIIOHEHTOB
CASE u CASES.

Takum 00pa3oM, OIMUCaHbl BCE KIIACChI KOMITOHEH-
TOB, TpeIHa3HAYEHHBIX Ul (POPMUPOBAHUS CLEHAPUEB
(DYHKIIMOHMPOBAHUS YIPABISIOIMX KOHTPOJIEPOB Ha
rpaguyeckoM s3bike X-Robot.

Cuenapuii ynpasJjieHUsl JUCKPETHBIM 00beKTOM

Csetodop, OpraHM3yOUIMH pPEryIHpOBaHHE M0-
POXKHBIM IBHMXXEHHEM, SIBISICTCS TUCKPETHBIM YCTpPOH-
ctBoM. Momenb cBeTodopa, comepkamas Tpu (oHaps,
COOTBETCTBEHHO KpacHoro L1, sxéntoro L2 u 3enéHoro
uBera L3, 3aropaHue KOTOPBIX OCYIIECTBISIETCS C MO-
Motpio Kmoder S1, S2 u S3, peanuzoBaHa Ha OOBEKT-
HOM YPOBHE MHOTOYPOBHEBOW KOMIIBIOTEPHONU MOJENH U
IpecTaBieHa Ha puc. 4. PerymupoBOYHBIM pe3UCTOPOM
R1 ocymecTBisieTcsi perylnupoBKa HHTEHCUBHOCTH CBe-
yeHust (poHapeil B 3aBUCMMOCTH OT BPEMEHH CYTOK, IO-
TOIIHBIX YCJIOBHH M ApyTruX (hakToOpOB.

Test_svetofor_xr_3_layers] EI@
—

V1 ~

51 L1

J_%
=0

52 L2

._/__®_<

V3
3 L3

._/__®_<

< >

Puc. 4. KomnbrorepHast Mozens cBeTodopa Ha 00bEKTHOM
YPOBHE MHOT'OYPOBHEBOI1 KOMITBIOTEPHON MOJIEIN

Ilycte ¢oHapéM KpacHOTO IBETa YHPABISIET HC-
noJHUTENb ¢ HoMepoM $08, porapém KEnToro mpera —
ucnonautens $09, a horapém 3en€HOrO 1[BETa — UCIION-
uurenb $0a. Kaxplii M3 HUX 3a)KUraeT OInpeaeIeHHbIH
doHaps ¢ moMmoIlpl kKoMaHael Ex3 momayeir makcu-
MajbHO Bo3MoxkHOro 3HaueHus1 $7FFF = 32767. dounapp
roracaet nojayed ¢ nomolipo komanasl Ex3 3Hauenus 0.
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WNHunumanuszanusi ONMCaHHBIX HCHOJIHUTENEH, OCy-
LIECTBIISIOIIMX U3MEHEHNE COCTOSHUM KIIIOUEH, IMPOU3-
BOIMTCS KOMaHA0M EX6, BBITOIHEHHOM JUIsT HCIIOJIHUTE-
nst uannmanuzanuu $ff = 255 ¢ aprymenrom 1. B atom
ciayyae ocywectBisercs uHunuanusauus M-
TECHCPATOPOB. biox WHUHUAJIU3alu OrpaHUuInMBaACTCA OT
OCHOBHOTO I[HKJIa TIpoliecca koMnoHeHToM XR_Begin2.
C nomompro komnoHeHToB XR WTI1, XR WT2 u
XR_WT3 npousBoauTcs 3aJiep:Kka mpoiecca Ha orpe-
JeNIEHHOE BpeMsi, KOTOpOE JIOJKEH T'OpeTh COOTBETCT-
Byromuii poHaps cBeTodopa.

I'paduueckas ¢opma creHapus YIpaBICHHS CO-
CTOsIHHEM cBeTodopa mpencraBieHa Ha puc. 5. Ha oc-
HOBE IPEICTABICHHOTrO ClieHapusi OyneT chopMHUpOBaH
KOJ JUISI TIPOTPaMMHPOBAHUS KOHTPOJJIEpa, OCYIIECTB-
JISIFOILIETO YIPaBJICHUE COCTOSTHUEM CBETO(opa.

3aki0ueHue

Monyiib MOAENHMPOBAaHUs CLIEHApHEB, PEeaIn30BaH-
HBIH B paMKax cpelbl MHOI'OYPOBHEBOTO KOMIIBIOTEPHO-
IO MOJICIUPOBAHMSI, OTKPHIBAET BO3MOXKHOCTH (hOpMH-
poBaHMsl TpaUUECKUX CIEHAPHEB YIPABICHMS AWHA-
MUYEeCKIMH 00BEKTaMH C HX OTIAJKOW Ha KOMITBIOTEP-
HBIX MOJEINSAX OOBEKTOB C BKJIFOYEHHBIMH B HUX MOJE-
JSIMH ACTIOJTHUATENFHBIX M W3MEPUTENBHBIX YCTPOMCTB.
COBOKYITHOCTD IpahuecKoro CleHapusi U MOJENN 00b-
€KTa YIpaBICHUS TaKXKe MO3BOJISIOT MPOU3BOAUTH BHI-
00p 3HaueHHWH TApamMeTPOB KOMIIOHEHTOB, YAOBJIIETBO-
pAOIIMX  COOTBETCTBYIOIIMM  KPHUTEPHSIM  KadyeCcTBa
ynpaeienus. [IpuMeHeHue pa3paOOTaHHBIX IPOrpaMM-
HO-UHCTPYMEHTAJIBHBIX CPEICTB B IpPOIeCcCe OOyueHHUS
HalpaBjeHO HA aBTOMATH3alUI0 POBEACHHS MTPaKTHYe-
CKUX M JIaDOpaTOPHBIX 3aHATHH, B XOIE KOTOPBIX CTY-
JIEHTHl W OIKOJIFHUKH CTAPIINX KIIACCOB MPHOOPETaoT
TIepPBOHAYATBHBIC 3HAHUS U YMEHHSI IPOTPAMMHUPOBAaHUS
KOHTpOJUIepoB. [laHHBIe pa3pabOTKH Takxke OyoyT MHTe-
PECHBI IIEHTPaM Hay4IHO-TEXHHYECKOTO TBOPYECTBA MO-
ToAEXH, NeSITETHHOCTh KOTOPBIX HAIpaBlIeHa Ha pa3pa-
OOTKY yIpaBiIseMbIX JUHAMHUYECKAX 0OBEKTOB.

PaGora BbInONIHEHA NP (PUHAHCOBOI MOAJEPIKKE
MuHOOpHayKH B pamMkax NpOeKTa
RFMEFI57717X0266.
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Dmritriev V.M., Gandzha T.V., Bukreev A.S.

Modeling scenarios to control dynamic objects based on
the graphical language X-Robot

As the number of function of dynamic object increases, the
algorithm that controls devices becomes more complex. Also,
programs written in low-level programming languages of con-
trollers are increasing, that complicates the process of their
debugging. The urgency of the development of new means for
the formation and modeling of controller operation scenarios
is due to the need to take into account many observable vari-
ables and the use of a number of control action, but also de-
termined by the non trivial character of the algorithms to oper-
ate controllers.

The article discusses the principles of modeling scenarios to
control dynamic objects with the use of graphical notations of
X-Robot language. In addition to the traditional text represen-
tation of a program called a script, a graphic interpretation has
been proposed and developed for this language, setting a cer-
tain component for its commands. Graphical scenario forma-
tion is carried out in the environment of computer simulation
MARS at the logical level of a multi-level computer model, at
the object level of which the models of a controlled dynamic
object are located with the models of executive and measuring
devices included in it. This opens up the possibility of forming
control scenarios in a graphical form and their preliminary
debugging on the model of a dynamic object. At the visual
level of the multi-level computer model, control components
are located, through which the user has the opportunity to in-
fluence the model of the object and the scenario model, as
well as the visualization components that display the visuali-
zation data for the user, which can be either the values of the
observed object variables, or and their generalized parameter-
functionals. At present, the developed graphical language for
modeling scenarios is adapted to the X-Mega controller, but
studies are underway to develop it and apply it to other types
of controllers.

Keywords: component, controller, scenario, dynamic object,
multilevel computer model
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