2018 BECTHUK TIOJIOLKOI'O I'OCYJAPCTBEHHOI'O YHUBEPCUTETA. Cepus C

YIK 621.865
IMPOTPAMMHOE OBECIIEYEHHE OLP ITPOMBIIIJIEHHBIX POBOTOB-MAHUITYJIATOPOB

JI1.A. TObOPEBA
(Mozuneeckuit zocyoapcmeeHHbLIL yHUBEPCUMEN NPOOOEOJIbCINGUSL)

Tlpuseden 0630p uszeecmuvix CAIIP u cucmem agmoHOMHO20 RPOSPAMMUPOBAHUSL NPOMBIULICHHBIX PO-
bomos, komopvie nozeonsiom cozoaéamv 3D-modenu, npoeooumv nped8apumenbHoe MeCmuposanue nymem
UMUMAYUOHHO2O MOOETUPOBAHUS 8 GUPMYATbHOU Cpede, ONMUMUUPOBAMb MPACKMOPUU U AeOPUMMbL YRPAG-
JIeHUsL NPOMBIULLIEHHBIMU PO6OMAMIL.

Knroueswie cnosa: pooom-manunynamop, CAIIP, offline-npoepammuposarue, 361k NPOSPAMMUPOBAHUSL.

Beenenue. Ilpu pazpaboTke poOOTOTEXHHYECKHMX KOMIIIEKCOB TpeOyeTcs CIENHaIN3UPOBAHHOE IIPO-
rpaMMHOe obecriedenue mias 3D- M JUHAMHYECKOT0 MMHMTAlMOHHOTO MoJenupoBaHus mporeccos. Cozganne
TPaeKTOpUH JBWKEHHs pobora meronamu offline-nporpammupoBanust (OLP) cocTouT M3 HECKOJIBKUX 3TAIOB.
Ha nepBom — co3natotrcst Tounsle CAD-mogenu (CAD — Computer Aided Designed — cuctema aBTOMaTU3UpO-
BaHHOT'O IPOEKTUPOBAHUS) BCEX y3JIOB POOOTH3UPOBAHHOM SUEHKH: AeTalleld, TEXHOJIOIHYECKOH cpeabl, poboTa,
HWHCTPYMEHTa, OCHACTKH U T.1. Ha BTopoMm sTame poOOTH3MpPOBaHHAS TEXHOJOTMYECKas sdeKa MOAEIUPYETCs
B BupTyansHoil 3D-cpene. Ha cnenyromem sTame pacCUMTBIBAIOTCS ONOPHBIE TOYKH TPAEKTOPUM ABMXKEHUS
po0OTa-MaHUITYJISTOpa VISl €ro MepeMelleH s K IeTaly ¥ BBIIIOJIHEHHS TEXHOJIOTHYECKUX onepauuid. TpaekTo-
pUM OJDKHBI YAOBIECTBOPATH Py TPeOOBaHMI: OTCYTCTBHE CTOJIKHOBEHMH, ONTHMAJIBHOCTH IO KOJIHYECTBY
1 Ka4eCTBY IBWXKCHHUH, OOecreueHne KadecTBa MO3HMIMOHMPOBAHMS, MUHMMH3ANUS OIEpaldi M0 BPEMEHH,
obecrieueHne JTODKHON CKOPOCTH MPUBOJIOB poO0Ta, 0becredeHne TOYHOCTH CIIeI0BaHUs HEOOXOAMMON TpaeK-
TOPHHU TIPH KOHTYPHOM YINPABICHUH (HAIPUMEp, BIOJb JIMHUN CBAPHOTO IIBA C YYETOM €ro IIyOHHBI U YIJIOB
pacnonoxeHus: pabodero MHCTpyMeHTa) u T.1. [locie pacuera u NpOBEPKH TPACKTOPHH €€ HY)KHO IEPEBECTH Ha
A3BIK YIPABIIFONIETO KOHTPOJUIEpa KOHKPETHOW MOAENN poOOTa IJIsl peann3aliy B YCIOBUAX IPOU3BOJICTBA.

1. CAIIP pns co3nanus reomerpudeckux moaeneit npu OLP. CAIIP (cuctema aBToMaTu3anuu mpo-
eKTHBIX paboT, cuCTeMa aBTOMAaTH3MPOBAHHOTO MPOEKTUPOBAHMS) — IPOIPAaMMHBIN MaKeT, IpeIHa3HaYeHHbIH
JUISL TIPOCKTHPOBaHUs (pa3paboTKu) OOBEKTOB MPOM3BOJCTBA, a Takke O(OPMIICHUS KOHCTPYKTOPCKOM W/WIIN
TEXHOJIOTHYECKOH JOKyMeHTaunu. YeM To4YHee MCXOAHBIC NaHHBbIE 00 AJIEMEHTaX POOOTH3MPOBAHHOW SHYEHKU
u paboueii cpesibl, TEM TOYHEE IUIAHUPYETCs TpaeKTopus podoTta. Ha nmpakTuke 10CTaTOYHO CJIO0XKHO PacCunUTaTh
Bce 3D-mMozmenu ¢ 6OIBIIOH TOYHOCTHIO M YUECTh BCe OCOOCHHOCTH PEaTbHBIX 00BEKTOB (PHCYHOK).

Pucynok. - BupryanbHasi MozeJib H ee peajibHble IPOTOTHIIBI

Oco0eHHO TPOOIIEMAaTHYHO YYUTHIBATE MPH MOJEIUPOBAHUH PACIIOIOKEHIE HABECHOTO 00OPYZOBaHMUS,
MIPOBOMOK, IIUIAHTOB BOJO- U T'a30CHA0XKEHUs, CMOHTHPOBAHHBIX HA POOOTE M M3MEHSIOIMX CBOE IMOJIOKCHUE
TIpH TiepeMenieHnn ero 3BeHbeB. Hekotoprsie CAD-monenu, ciayxamiie ocHoBoi aist OLP, MoryT co3maBaThes
Ha CTaIuX pa3pabOTKH MPON3BOACTBEHHBIX M3Aei 1 npoaykuun B CATIP.

Kommnonentsl MHorogynkumonansueix CAITP umerot tpu cnenmanuzanuu: CAD, CAM, CAE. Moaynu
CAD (Computer Aided Designed) npennaznauensl it BeinosiHeHus1 rpaguueckux pabor, CAM (Computer
Aided Manufacturing) — ans peleHus 3aiad TeXHOJOrndecko moarotoBku mpousBoactBa, CAE (Computer
Aided Engineering) — 11 HH)XCHEPHBIX PACUETOB, aHAJIN3A U IPOBEPKU MIPOCKTHBIX PELICHUH.

B nacrosimiee Bpems i cozganus 2D- u 3D-moneneit ucnonb3yetcs 6osee 60 MporpaMMHBIX MaKETOB
CAIIP paznoro ypoBHs. Haubosee pacnpocTpaHeHbl CUCTEMBI I CO3/laHusl 0a30BbIX IpaduuecKux MomyJe
CAD c 10onoNHUTENBbHBIMY IPUIOKEHUAMH. B Tabnuiie npuBeneH nepedyeHsb HanOosee NOMyIAPHBIX IIPOrpaMM-
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HBIX MpoaykToB ¢ QyHkumsmu cospanuss CAD- wmu CAM-mozeneil (cucrema KOHTPOJISL U aBTOMAaTHYECKOTO
ynpasienust). Pa3paboTunky yka3aHbl ¢ y4eTOM CIUSHUS ¥ 00bearHeHns: kommanuid [1-11].

Tabmnuua. — Hanbosee ucnonb3yeMble IpOrpaMMHBIE POIYKTHI M UX Pa3padOTYHKH

[IporpaMMHBIi DPOAYKT Pazpaborunk [IporpaMMHBIi DPOAYKT Pazpaborunk
Alphacam Vero Software (HEXAGON) | NCGCAM NCG CAM Solutions
ArtCAM Delcam (Autodesk) NX Siemens PLM Software
Autodesk Mechanical | Delcam (Autodesk) PartMaker Delcam (Autodesk)

Desktop

BobCAD-CAM BobCAD-CAM PEPS Vero Software (HEXAGON)
CAM-TOOL C&G SystemslInc. PowerMILL Delcam (Autodesk)
CAMWorks Geometric Technologies SharpCam SharpCamLtd.

CATIA DassaultSystemes SolidCAM/InventorCAM | SolidCAM

CimatronE CimatronGroup Space-E NTT DATA ENGINEERING SYS
Creo (Pro-E) PTC SprutCAM «Cnpyt-TexHonorus»
DUCT Delcam (Autodesk) SurfCAM Vero Software (HEXAGON)
Edgecam Vero Software (HEXAGON) | Tebis Tebis Technischelnf. AG
ESPIRIT DP Technology Tehtran NIP-Informatica

Featurecam Delcam (Autodesk) T-FLEX CAD Ton-Cucrembl

GeMMa 3D NTC Gemma TopSolid Missler Software
GibbsCAM CimatronGroup Unigraphics EDS

GO2cam GO2cam International VISI Vero Software (HEXAGON)
I-DEAS SDRC Visual CAD/CAM MecSoftCorporation
Inventor HSM/HSMWorks | HSMWorks (Autodesk) WorkNC Vero Software (HEXAGON)
HiperMILL OPEN MIND ZW3D ZWSOFT

Mastercam CNC Software KOMITIAC ACKOH

[IpuBenem npumeps! PyHKIMOHAIBHBIX BO3MOXHOCTEH HekoTopbix CAIIP.

KpynHeHmiM B MUpe MOCTaBIIMKOM HNPOIPaMMHOIO oOecredyeHus I aBTOMaTH3UPOBAaHHOTO MTPOEKTH-
poBaHus sBisieTcs kommanus Autodesk Inc, xotopas ¢ 1982 roma pa3zpabaTbiBacT IpOTrpaMMHBIE TPOTYKTEHI,
TIO3BOJITIOIINE CO3/1aBaTh MU poBeie Mozaenu. TexHonornu Autodesk HCTONMB3YIOTCS M1 BU3YalIN3aIliH, MOJE-
JUPOBAHUS W aHAJHM3a MOBEACHHSA pa3pabaTHIBACMBIX KOHCTPYKIMH HAa PaHHUX CTAIsIX NPOSKTHPOBAHHSA
M TIO3BOJISIIOT YBUCTh, & TAKXKE MCIIBITATh MOJETh B BUPTYaIbHOH cpene [12].

MicroStation — 310 npodeccroHanbHas, BRICOKOIIPOU3BOIUTENbHAS cucTeMa it 2D/3D-aBToMaTH3npo-
BAaHHOT'O IIPOEKTHPOBAHMS ¥ BHIIIOJIHEHHS PaOOT, CBI3aHHBIX C YePUCHUEM, KOHCTPYHUPOBAaHHEM, BU3yaIn3alieH,
aHaJIM30M, YIpaBJICHHEM 0a3aMy JJaHHBIX U MOJIEJIMPOBAHUEM.

Cuctema CATIA (Computer Aided Three-dimensional Interactive Application) — ofHa U3 caMbIX pac-
npoctpaHeHHbix CAIIP Bricokoro ypoBHs. Ot1o komiiekcHass CAD/CAM/CAE cuctema, BKIIIOYaromias MH-
cTpyMeHTsl 3D-MozaenupoBaHusi, NOACUCTEMBI MPOrPaMMHON MMUTALUU CIOXKHBIX TEXHOJIOTMYECKUX IpOIec-
COB, pa3BHUTBIC CPEJCTBA aHAIIM3A U €MHYI0 0a3y JaHHBIX TEKCTOBOH M rpaduueckoil nHpopmanuu [4].

SolidWorks — cucrema [uisi aBTOMaTH3UPOBAHHOTO MPOSKTHPOBAHUS, HH)KEHEPHOTO aHAN3a U TOJTro-
TOBKH ITPOM3BOJICTBA M3/ICIUN PAa3HOH CI0KHOCTH M HA3HAYCHUSI.

CyImecTBYIOT U CIIeIUaTN3UpOBaHHbIC MPIIIOKEeHH, Hanmpumep, SprutCAM mnpeaHasHadeHa s paspa-
6oTtku ynpasistonux nporpamm (YII) o6opynoBanwus ¢ UITY, sBistomnerocs npeamecTBeHHUKaMA POOOTOB.

CITPVYT (CuctemMa mpoeKTUPOBaHUS YHUBEPCATBHBIX TEXHOJIOTHI) — MHTETPUPOBAHHAS METAHHCTPYMEH-
TajgbHas s3bIKOBas cpefa s co3maHust CckBo3HBIX CAIIP mo mnpunmumy RAD-texnomormm (RAPID
APPLICATION DEVELOPMENT TOOLS).

T-FLEX CAD - nepsas B mupe CAIIP ¢ reomeTpuueckoil napameTpusanueii, nocrpoena Ha 0ase spa
Parasolid ¢upmbr Unigraphics Solutions m comepxur cpeactBa 3D-IpoeKTHpOBaHMS, MOIYJIM KOHEYHO-
SJIEMEHTHOTO M JUHAMUYecKoro aHamusa. MMeer crnenuanusupoBansele npunoxenus T-FLEX UITY 2D u 3D
(cucrema noaroroku nporpamm it ctankoB ¢ UIIY) u T-FLEX NC Tracer (cuctema MMHUTalUH Ipolecca
o0pabotku neranu Ha cranke ¢ YITY o roToBoii ynpasistoleit nporpamme [5]

CAIIP Bepxuero ypoHs Pro/ENGINEER — sto CAD/CAM/CAE cucrema, KoTopasi OXBaThIBaeT BCE
cdepbl MPOEKTHPOBAHUS, TEXHOJOTHYECKOW ITOATOTOBKH IPOM3BOJCTBA M WM3TOTOBIICHUS wu3fenus. Hammume
MIPSIMOTO JIOCTYIIA B CHCTEMY MOANEPKKH JKM3HEHHOTO nukiia u3aenus Windchill PDMLink mo3oiseT 0THOCHTH
Pro/ENGINEER k PLM-cuctemam (PLM — Plant Lifecycle Management — ynpaBieHHe >KU3HCHHBIM ITHKJIOM
MIPOMBIIIIIICHHOTO 00BekTa) [8].

KOMIIAC — CAIIP, koTtopast IMeeT BO3MOXXHOCTH O()OPMIICHHUSI IPOEKTHON M KOHCTPYKTOPCKOI JOKY-
MenTanuu corjgacHo crangaptam cepud ECKJI u CITJC. Bepcuss KOMITAC-3D npenna3znaueHna ajis Tpexmep-
HOTO NpoeKTUpoBaHus [9].
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OTMeTHM IpOrpaMMHBIE IIPOAYKTHI Il KOMIUIEKCHOH aBTOMaTH3aIl[i KOHCTPYKTOPCKOT'O IIPOEKTHPOBa-
HHS M TEXHOJIOTHYECKOH IMOJTrOTOBKH NPOU3BOACTBA, pa3pabaTbiBaeMble Kommnanuen «MHtepmex» (bemapycs).
[IporpamMMBl 11 aBTOMAaTH3UPOBAHHOTO KOHCTPYKTOPCKO-TEXHOIOTHIECKOTO TPOEKTUPOBAHUS HCIIONB3YIOTCS
oT pa3paboTku KoHCTpykTOpckoi mokymeHtramuu (Cadmech) ¢ mocnmemayronM aBTOMaTH3UPOBAHHBIM BBITYC-
KOM TEKCTOBBIX KOHCTpyKTOpckux nokymeHnToB CII, BC, BII, I1D (AVS) no BeieHUs ceTEBOTO HEPAPXUIECKOTO
apxXvBa MPEATPUATHS ¢ BO3MOKHOCTBIO BEJCHHS MPOEKTOB M JOKyMeHTooOopoTa mpeanpusatus (Search). Cu-
CcTeMa TMPOCKTUPOBAHUS TPEXMEPHBIX MapaMmeTrpudeckux aeraneil u coopok (Cadmech Desktop) mo3BossieT pe-
marh 3amaun 3D-koHCTpyKTOpCcKOTO mpoekTupoBaHus. IIpmioxkenne CADMECH SW npennasHadeHoO s
co3JaHusl Mojieniell netaneid 1 cOOpouHbIX enuHML, odopmiieHus yeptexeid B cpeae SOLIDWORKS, Brimycka
TEKCTOBBIX KOHCTPYKTOPCKUX JOKYMEHTOB (crenupuKanuy 006X (OpM, BEJOMOCTH CrieU(DUKALMN | T.1.).

Muorue CAIIP mo3BOJSIIOT COXpaHUTh MOAENb B (aiijie ¢ TaKUM pacUIMpPeHHEM, KOTOPBIH IOCTyIeH
B IPyrux cucrtemax mnpoekrupoBanus, Hampumep, ACIS, IGES, Parasolid, STEP, STL, VRML, oanako npu
HepeHoce MOJICNIM B JPYroil MakeT 4acTh (YHKIMH MOXXET OBITh MoTepsiHa. BOJIBIIMHCTBO CO31aBaeMbIX B OIH-
cauabix CATIP Momeneit MOTyT UMIIOPTHPOBATHCS B CHCTEMBI aBTOHOMHOTO ITPOTPaMMHUPOBAaHUS POOOTOB.

Hexoroprie mpom3BoauTeny poOOTOB pasMemmaroT Ha oduimanbaeix caiitax nx CAD-monmenmn. Hampumep,
dupma ABB npemraraer CAD-mMonenn cBoux poOoToB B cienyromux (opmarax: Validation, DXF/DWG 2D,
SAT, SW, STEP, PARASOLID, VDA, VRML, IGES, IGRIP, STL, VRML, ROBCAD, RobotStudio, IGRIP,
1 CAD-monenu nmozunimonepoB B popmarax: ACIS, IGES, PARASOLID, SAT, SOLIDWORKS, STEP [11].

2. CucreMbl aBTOHOMHOTO NMPOrpaMMHPOBaHus po00ToB. CHCTEMBI aHAJMTUIECKOTO IPOTPAMMHUPO-
BaHMsl pOOOTOB JAENATCS Ha JBa THUMA. [IepBbIli COCTOMT M3 aBTOHOMHBIX CHCTEM, OPHEHTHPOBAHHBIX Ha Y3KHUH
knacc pobotoB. K takum otHOcsaTcs VAL (Unmation), Sigla (Olivetti), AML (IBM), MCL (McDonnell Doug-
las), ACRAMITIC (Cincinnati Milacron) u xp. CucteMsl BTOpOro TUNa BXOAST B COCTaB YHHBEPCAJIbHBIX WU
crienuain3upoBanHbiX podororexHuueckux CAIIP/CATIIII B Buue camocrositesnbHBIX Moayineil. Hambonee
M3BECTHBIMHM CHCTEMaMH aBTOHOMHOI'O IPOTPAMMHPOBAHMS, MCIOJIb3YEMBIMU IIPU TECTHPOBAHUU aJITOPUTMOB
YIPaBJICHUs MPOMBIIUICHHBIX pOOOTOB, siBIsitoTcst makeTsl Tecnomatix ROBCAD, RobotStudio, CimStation,
IGRIP, Robotworks, ROBOMAX, FAMOS robotic. PaccMoTpuM nX BO3MOXHOCTH TIOJpOOHEE.

Tecnomatix (pa3padoruuk Siemens PLM Software) — 3T0 KOMIUIEKCHBIH TAKEeT JJIS TIOCTPOSHUS CXEMBI
MIPOM3BOJICTBEHHOTO TPOIIECCa, MPOSKTUPOBAHIS, MOACIMPOBAHNUS, IPOBEPKU U NMPOU3BOACTBA, OCHOBAHHBIA Ha
npuranunax PLM npousBoactBenHo# iatdopmel Teamcenter. Tecnomatix 9 mMeeT GyHKIINIO aBTOMaTHIECKON
TeHepaluyu TpaeKTopuil poboToB. B mporpammuoe obecmneuenue Tecnomatix ROBCAD (npyroe Ha3zBaHme
eM-Workplace) Bxomut HabOp mporpamMm i1t MPOSKTUPOBAHKS, UMHUTAIIUA 1 ABTOHOMHOTO TIPOTPaMMHUPOBAHHUS
MPOU3BOJICTBEHHBIX POOOTH3UPOBAHHBIX crcTeM. OH COCTOMT U3 Pa3IMYHBIX CIELHAIM3UPOBAHHBIX MOJYyJICH,
Bkiouass ROBCAD/Line, ROBCAD Spot, ROBCAD/Paint, ROBCAD/Drill, ROBCAD/Arc, ROBCAD/Fixture,
ROBCAD/Man, ROBCAD/Laser u ROBCAD/Onsite. B nmaker MOXHO MMIOPTUPOBATh JaHHbIE U3 OCHOBHBIX
npomeinuieHHbIX CAIIP (CATIA, NX, Pro/Engineer), a Taxke TpaHCIUPOBaTh JaHHbIE U3 HEWTPAIBHBIX (hopMa-
toB (IGES, DXF, VDAFS, SET, SLT, STEP, JT). ROBCAD mno3BosisieT MOAECIUPOBAaTh U CUHXPOHU3UPOBATDH
paboTy poOOTOB M BCIIOMOTATEILHOTO 000OpYIOBaHHUS, IMEET HHCTPYMEHTHI ISl pa3paO0TKH TPACKTOPUH JIBU-
JKEHUS U ee ONTHMH3aIuy, moarorosku YII podora [2].

IIporpammublii uHTEpdeiic ans pa3pabOTKH OMOTHUTEIBHBIX MPHIOKESHUH 00ecTeunuBaeT J0CTYTI
K QYHKIMAM ¥ aNTOPUTMaM sipa, BKIIOYas T€OMETPHUIO, KHHEMATHKY, IUIAHUPOBAHHUE TPACKTOPHH JBIKCHHS
u rpaduky. B momomHeHue k umerorieicss OuOIMoTeKe MpoMBINUIEeHHBIX po6oToB ROBCAD mo3BossieT co3na-
BaTh HOBBIC MOJICJIM MaHUITYJIATOPOB U 000pyIOBaHMS, 3a0aBaTh X KHHEMATHKY. [Ipn 3D-cumynanun tuHaMu-
YEeCKU OCYLIECTBIISIETCS! IPOBEPKA CTOJIKHOBEHUH JUISl NIPEJOTBPAILECHHS MTOBPEKACHHUS JIEMEHTOB 000py10Ba-
HUsl, ocHacTKH, Aeraneil. Mexanusm RRS (realistic robot simulation), oOcHOBaHHBIA Ha UCHOJIb30BAaHUU OPUTH-
HaJIbHOT'O MPOTPaMMHOT0 00ecreYeHus! KOHTposuiepa poOoTa, MO3BOJISET OLEHNUBATh BPEMs U TPACKTOPHIO JBH-
JKEHHS C IOCTATOYHO BBICOKOH TOUHOCTBIO.

ROBCAD coaepxut moayias OLP, koTopblif 103BOJIET MOAETUPOBATE JBMXKEHHE MAHUIYISATOPOB U 3a-
rpyXaTh IPOBEPEHHYIO POrpaMMy B KOHTpoJuiep podora. JlocTynHsl nHTEpdeiichl 00IbIIMHCTBA TPOMBIIIICH-
HBIX poOOTOB Bemymux npousBoguteneil. [Tocie HacTpoiiku Becex mapameTpoB moayias OLP renepupyer YII
U 3arpy3ku B KoHTpoiutep. Co3maHHas mporpaMMa YYWTBHIBAeT PEajbHBIC YCIOBHUS SKCIUTyaTallud poboTa
(CKOPOCTH M YCKOPEHUS OBIKEHUS po00Ta, OJOKHPOBKH MPHU BXOJE B 30HBI BO3MOYKHOTO CTOJIKHOBEHHSA C APY-
TUMH POOOTaMH, OKPYKAIOIIUM 000PYZOBaHHEM H T.1.). MOIyIb TakK)Ke TTO3BOJIIET HMIIOPTHPOBATE TIPOTPAMMBI
13 KOHTpOJUIepa poOoTa I X ONTUMI3AINH U IOBTOPHOTO HCIOIH30BaHUS.

Monyns Calibration nakera ROBCAD npenHa3zHaueH Ui TOYHOTO CONOCTaBJIECHUS MOJOXKEHUS dJIEMEH-
TOB MOJIENIM ¥ peanbHOM s4eiiku. Ilocne mporecca KamMOpPOBKH MporpaMMa aBTOMaTHYECKH KOPPEKTHPYETCs,
¥ poOOT OyJeT NOCTHraTh 3afaHHBIX TOYEK 0€3 PY4YHOW KOPPEKTUPOBKH MX PEAbHOTO TOJIOXKEHUs. [IpomykT
paboTaer u ¢ IpYyruMHU CpeACTBaMU KamuOpoBKH, B ToM yucie Dynalog u Krypton.

Omnepanyy 3aKiaiKd AeTajed, NPUCaJKU, PYYHOW CBApKH, MEXaHHYECKOTO Kpereka MEXaHHU3MOB BbI-
MOJHSIET YeoBeK. Moayns Human ciayXut ajs MOICIHPOBaHUS, aHAIN3a W ONTUMU3AIMY PYYHBIX OTICPAIH.
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[punoxenne Tecnomatix Human Performance no3sossier momemarh B BUPTYaJIbHYIO cpey OMOMEXaHUYECKH
TOYHBIE LU(POBbIE MAaHEKEHBI YeJOBEKa 00OMX ITIOJIOB M PasHbIX rabapuTOB M aHAJIM3MPOBATh MX MOBEACHHE.
PyuHble onepanuy MOTYT MOJETHPOBATHCSA OXHOBPEMEHHO ¢ paboTONH poOOTOB M MEXaHU3MOB. Vcronap3oBanne
TEXHOJIOTHH IH(PPOBOTO MAHEKEHA MO3BOJIAET MPOBEPUTH 0030PHOCTH, 30HBI JOCTYMHOCTH HPEIMETOB, YH00-
CTBO WX PAaCIOJIOXEHUS, OIECHUTh BEPOATHOCTh TpaBMupoBanus ioneii. B ROBCAD npocTtymHo co3maHue
HTML-oT4eToB o sueiikax u nocienoparenbHoctr onepanuii (SOP). OTueT BKIIOYaeT N300paKeHHsI U TaHHBIE,
MOTyYCHHBIC U3 A9EEK, ACTAIbHBIC OTYETHI IO poOOTaM, MHCTPYMEHTY, MEXaHI3MaM, MOJIEIISIM 4EJIOBEKa, CBap-
HBIM TOYKaM, a Takke aHuManuu B Buie VRML. Takue pyHKIUM HENOCTYIHBI APYTUM MAKETaM.

Tecnomatix Process Simulate — mporpaMMHBbIi NPOAYKT ISl MOJAETUPOBAHUS U IIPOBEPKU TEXHOJIOTHUeE-
CKHX IIPOLIECCOB B TPEXMEPHOM rpaduueckoil cpeae. PeynbraroM MoaenpoBaHus SBIsETCS «IU(PPOBOiL IBOK-
HUK» npousBozacTsa (Digital Twin), KOTOpBIH HCHOAB3YETCS A NPOBEPKU U ONTUMU3AILUM TEXIPOLEcca, FeHe-
paunu YII poOoTOB, BUPTYaJbHOH IYCKO-HAJaJKH aBTOMAaTU3MPOBAHHBIX JIMHUH, 00ECHEYEHUS! dProHOMHYE-
ckux TpeOoBaHMid. ba3oBhlil (QyHKIMOHAN MakeTa 0OecIeYnBacT CO3/aHue TPACKTOPHH IepeMEelIeH s, aHaIu3
KHHEMAaTHKN 00OPYNOBaHUs, MPOBEPKY HA CTOJKHOBEHHMS C ICTANSIMHM, OCHACTKOW M APYTMM OOOpPYIOBaHHEM,
pacdeT BpeMEHH UK, BBIOOP IPUMEHSIEMOT0 HHCTPyMEHTA U 1p. IIpoBepeHHbIE TPAEGKTOPUH ABHKECHUS MOTYT
9KCIIOPTHPOBATHCS B BU/E MPOTPAMMHOTO KOJia Ha sI3bIKE KOHTpoJuiepa poboTa. sl CUMYIISAUN PYYHBIX OIIe-
pamuii mpumensieTcss Mmonysb Process Simulate Human, KOTOpbIil HCTIONB3yeT TEXHOJIOTHIO U ITUPPOBON MaHe-
keH Jack.

RobotExpert — mporpaMMHSBIA TPOAYKT B cocTaBe Tecnomatix, BEIIOTHAIONINHA TPEXMEPHYIO CUMYJISIIHIO
OTZAEJBHBIX ITPOMBIIUICHHBIX POOOTOB MM HEOOJIBIINX POOOTH3UPOBAHHBIX KOMIIJIEKCOB, IPOBOISIINI ONITUMH-
3anuio Tpaektopuid U rerepanuio YII mis po6otoB. RobotExpert noctpoen Ha simpe Process Simulate, nmeer
001U C HUM I0JIb30BaTENbCKUN MHTEp(dEIC U aHATOTHYHYIO MOIAEPKKY (OPMATOB JaHHBIX M KOHTPOJUIEPOB
po6otoB. B ormimunn ot Process Simulate, npeaHazHaueH UCKIIOUUTENBHO ISl paboThl Ha (aiiioBol cucreme,
6e3 ucnonb3oBanuss PLM-cucremsl ynpasienus Janabsivu [13].

Jst pacmiupernsi QyHKIIMOHATBHBIX BO3MOYKHOCTEH MMEETCSl OTKPBITHIN MPOTrpaMMHBINA HHTEpQENC, KO-
TOPBIN MO3BOJISET pa3pabaThiBaTh COOCTBEHHBIE TMOAKIIOYaeMble MOy u. OCHOBHOUW (DyHKIIMOHAN MakeTa COB-
nagaet ¢ Process Simulate u Bkiro4aer:

— CHUMYJISLHIO pabOTHI O IUKIOTPAMME;

— aHaIM3 CTATUYECKHUX U IUHAMUYECKHUX CTOIKHOBEHHUIL;

— CHUMYJILHIO KHHEMAaTHKH 000pyIOBaHNS;

— TNOAJEPKKY TEXHOJIOTHMUECKUX MPOLIECCOB HA OCHOBE TPACKTOPUU;

— aHaJM3 JOCTIKMMOCTH B paboyeil 30He poboTa;

— pacdeT BpeMeHH IMKJIa paboTsl (noanepxkuBaercs TexHosnorus RRS);

— IOJJEPKKY Pa3sInUHBIX THIIOB KOHTPOJUIEPOB IIPOMBIIUICHHBIX POOOTOB;

— renepauuoo YII Ha ocHOBE cUMyISILIMU;

— CpeZcTBa TBEPAOTENBHOTO MOJEINPOBAHMS;

— UMIIOPT T€OMETPUIECKUX MoJeNieil m3 ocHOBHBIX GopmaToB CAIIP.

OcCHOBHBIE OTPaHHUYEHUS TI0 CPAaBHEHHIO ¢ Process Simulate TakOBBI:

— OTCYTCTBYIOT (DYHKLMH ITOJAEPKKH AUCKPETHBIX MPOLECCOB (TOYEYHOW KOHTAKTHOM CBapKH, CBEpJIC-
HUSI, KIICTIKN);

— He IOJJIEPXKMUBACTCS YIPaBICHUE CUMYIISILIEH HA OCHOBE CUTHAJIOB 000pYyJOBaHMS;

— OTCYTCTBYIOT JIOTIOJIHHUTENbHbIE MOMAYJHM: IOAJCPKKA MaHEKeHa YeJIOBEeKa, BHPTYaJbHOW ITyCKO-
HaJlaJIK1 U JIp.

PesynbraT cUMyJISIIMM — NPOBEPEHHBIE TPAEKTOPHUU ABHMKEHHSI — MOXKHO 9KCIOPTHUPOBATh B BHJE IPO-
IrpaMMHOTI'0 KOJIa Ha SI3bIKE KOHTpoJuIepa podora.

Amnanoramu RobotExpert sBISIFOTCSI IpOTrpaMMHBIE CPEICTBA CHMYIALUHN OT H3TOTOBUTENECH MPOMBIII-
neHHbIXx poboToB: RobotStudio kommanmum ABB, KUKA.Sim Pro ot ¢upmer KUKA, RoboGuide xommanuu
Fanuc.

RobotStudio — makeT 11l MOJASIUPOBAHUS U ONTHUMH3AINHA POOOTH3UPOBAHHBIX SYE€EK, KOTOPHIN 1MO3BO-
JISIeT UMIIOPTHPOBaTh AaHHbie B ocHOBHBIX CAD-dpopmartax (IGES, STEP, VRML, VDAFS, ACIS u CATIA).
Hcnonb3ys CAD-Mozess 00pabaTbiBaeMOi JETalId, MOKHO aBTOMAaTHYECKH CTEHEPHPOBAThH IMOJIOKEHHE poOoTa,
nepeMelaroIerocs no 3agaHHoil kpusoil. Pegaxtop nporpamm (ProgramMaker) reHepupyeT nporpaMmsl JUist
po0OOTOB, a Takke oOecrieyMBaeT BO3MOXKHOCTb pa3pabOTKHU M OTJIaJIKK IIporpaMm B pexxume offline.

B RobotStudio npu cumynsimu mporpammbsl BEIOpaHHBIE OOBEKTHI aBTOMAaTHYECKH IPOBEPSIOTCS Ha
CTOJIKHOBEHHMSI, B pE3yJIbTaTe YEro BHIBOANUTCS LIBETOBAs JHarpaMMa, KOTopasi CIIOJIb3yeTCsl ISl HHTEPaKTHBHO-
TO M3MEHEHUs MapaMeTPOB M ONpeJeNIeHNs] HEOOXOAUMOT0 TOBOPOTA BOKPYT' OCH MHCTPYMEHTA B KaXKIOH KOH-
KPETHO TOYKE MO BCEH TPAEKTOPHUH JIBIKCHHSI HHCTPYMEHTA.
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RobotStudio moxer 0OHapy>KMBaTh CHHTYJSIPHOCTH ABMXXEHUH poOOTa M BBLIABATH HPERyNpPEkICHHUE
UIsl uX npenorBpauieHus. VMHCTpYMEHT Al OTCIEXKHUBAHMS MMHUTALMOHHOTO MojaenupoBaHus (Simulation
Monitor) obecrieduBaeT BU3yalIbHBIM KOHTPOJIb ONTUMHU3AINHN JBIKEHUH poOoTa. KpacHBIMU JIMHUSAMU yKa3bl-
BAIOTCSI [IEJIH, KOTOPHIE MOXKHO ONTHMH3MPOBATh UL MOTy4YeHHsT Hambojee 3((EKTHBHON TPAaCKTOPUH JIBHKE-
HUSL MaHUIYJATOpa. [ YMEHBIIEHUS POIOIDKUTENFHOCTH pabovero IHKJIa MOXKHO ONTHMH3HPOBATE CKOPO-
CTH | ycKopeHus paboueit Touku nacTpyMeHTa (TCP) nnm oTnenpHBIX ocei.

Jnst amanTanuu ¥ pacmmpenus GyHKInoHamsHocTH RobotStudio monp3oBaTeslb MOXKET CO3/1aBaTh Mak-
pocsl Ha si3bike VBA.

Hanucannas aist pobora nporpamMma MokeT 0e3 MPOMEeXyTOUHBIX TPAHCISLMN 3arpyKaThCsl B CUCTEMY,
onaronapst texnonorun VirtualRobot komnannu ABB. Ee ocHoBoii siBisiercst ABB VirtualController — Tounas
KOIUSI TPOTPAMMHOT0 00eCIIeUeHHs, YIPABISIIOMIET0 pOOOTH3UPOBAaHHBIMU CUCTEMAaMH Ha IIPOU3BOICTBE.

[Iporpamma MasterCAM (pazpabotunk CNC Software), nornonneHHas npuinokenneM Robotmaster, mos-
BOJsIeT ocyuiecTBisATh oOffline-mporpaMmMupoBaHie NPOMBIIUICHHBIX POOOTOB H3BECTHBIX IPOU3BOJMTEINCH
(KUKA, ABB, Fanuc, Motoman u np.). B cucreme Robotmaster (co3marens nprinoxenus jabez technologies)
TpaeKTOpHs MHCTPYMEHTA CO3/IaeTCsl CHadaja B cpere Mastercam 1o mpaBmiIaM IpOTPaMMHUPOBAHUS 00paboTKH
Ha ctankax ¢ UITY, mocie 3Toro oHa mepecYuThIBACTCS B IBMKCHHSI COWICHEHWH Po00Ta ¢ YIeTOM €ro KHHeMa-
k. [Ipu cuMyIsum JOCTyITHA MPOBEPKa M ONTUMH3AIHS IporpaMMbl. C IMOMOIIBIO TOCTIIPOLIECCOPa CO3/a-
foTcs ToToBble YII 11 ykazaHHBIX BBIIIE poOOTOB. B mporpaMMe MOXHO OJHOBpEMEHHO ympaBiaTh 11 ocsimu,
YTO HEAOCTYITHO B IPYTUX Maketax [14].

[Momy4nTs McXonHBIE NaHHBIE MOXHO u3 ¢aiina CAD-nporpaMmbsl B HEHTpaabHOM (opMmare WM ¢ HO-
MOIIBI0 TPAHCIATOPOB JMaHHBIX s ¢aitnoB IGES, Parasolid, SAT (ACIS solids), AutoCAD (DXF, DWG,
u Inventor TM ¢aiiner), SolidWorks, Solid Edge, STEP, EPS, CADL, STL, VDA, u ASCII, CATIA, Pro/E.

Berpoennslie 6nbnmoTexn KoHpUrypanuii podoToB o0ecrieunBaroT:

— BBIOOP MPOU3BOANTEIS POOOTOB;

— BbIOOp M Ha3HAYEHHUE OIEPALIMOHHBIX IAPAMETPOB: HABECHOTO 000pYJOBAaHMS HA MaHHITYJSITOpE, JaH-
HBIX 0 pabodell MIOCKOCTH M HHCTPYMEHTaX Ha HABECHOM O0OpYZOBaHHH, MApaMETPOB IS BHEITIOIHEHUS pabo-
YUX ¥ BCIIOMOTATENFHBIX JBI)KCHUH, IPUHIIUITA OTCIICKUBAHMUS TTOJI0KEHUSI OCHOBHOW OCH HHCTPYMEHTA;

— BBIOOp ITApaMeTPOB YCTPOUCTB, 00ECIICUNBAIOIINX JOMOJHUTEIBHBIC TMHEWHBIC ITEPEMEIIeHHUS U TTOBO-
POTHI (MAaKCUMAJIFHO JOMYCTUMOE KOJMYECTBO: TPH YIIPABIISIEMbIC INHEIHBIC HAMIPABIAIOMINE U 2-0CEBOH TIOBO-
POTHBIH CTOJI, OTHAKO B COBPEMEHHBIX TIO3HIIMOHEPAX OCEH MOKET OBITh OOJIBIIIE).

CrienmanbpHble cpeacTBa Robotmaster MO3BOJSIOT HMOAKOPPEKTHPOBATh M ONTHMH3HWPOBATH IBIDKEHHE
MaHHUITYJIATOPA, UCIOIb3Ysl BO3MOXKHOCTb IOBOPOTa HHCTPYMEHTA BOKPYT CBOEH ocu. JIaHHBII MOAX0/ MO3BOMS-
eT n30eXaTh CTOJIKHOBEHUH U CIEAYIOINX KPUTHYECKUX CUTYaLHH:

— coyaapeHue paboumx dacteil podoTa U HaBECHOro 00OpyaOBaHMs (MEXIy coOoi, ¢ oOpabaTriBaeMoi
JIETAJIBIO, C IPYTUMH 3JIEMEHTaMH POOOTU3UPOBAHHOM SUCHKH);

— CHHTYJISIPHOCTH (HEOHO3HAYHOCTB), TP KOTOPOM B3aMMHOE TIOJIOKEHHE CYCTaBOB poOOTa TAKOBO, YTO
CYyIIECTBYET MHOKECTBO PEIICHUH /IS 00ecreueHNs JaIbHEHIIero nepeMerieHus;

— TIOBOPOT CYCTaBa Ha IPEIEIbHO JOITyCTUMYIO BEIMIHHY, YTO HCKII0YACT JalbHEeHIIee IBHKCHNUE;

— HaJIMYHe YIaCTKOB BHE 30HBI TOCATAEMOCTH MaHUIYIISATOPA;

— HaJIMYWE yYacTKOB TPACKTOPHH, Ha KOTOPBIX ISl OOECIEYeHHs ITOCTOSHCTBAa CKOPOCTH JIMHEHHOTO
JIBHKEHHSI HHCTPYMEHTa CKOPOCTh BPAIIEHHS CYCTABOB IOCTHTAET MPEACIHLHO JOMYCTUMBIX 3HaUeHHH [15, 16].

B cpene Robotmaster cozmaercst moaHoMacmTabHass MoOJeidb POOOTH3UPOBAHHOW SUSHKH, KOTOpasl HC-
MOJIB3YETCS Ui CUMYJISILMM JABMXKEHUS U OTJIAAKU MapameTpoB. [Ipu cuMyssiuu TpaeKTopus MHCTPYMEHTA
0TOOpakaeTcsi MOIIAroBO WJIM HENpepbIBHO. JIOCTYIHO pydHOE yIpaBieHHE BCEMH OCsIMH poborta. Mmeercs
BO3MOJXKHOCTb BKJIIOYATh WJIM BBIKJIIOYATh OTOOpPa)XEHHE COCTaBHBIX JJIEMEHTOB OOOpYHOBaHUS B sUCHKE NpH
IPOCMOTpE.

B Robotmaster BcTpoeH nocrnporeccop, KOTopblii odecrnieunBaet Boityck YII st KoHKpeTHOTrO podorTa.
[epen renepaumeit YII TpaekTopusi aBTOMaTH4ECKH MPOBEPSETCS HAa CTOJIKHOBeHMs. Ecim o0beM mporpammsl
MPEBBIIIACT MAaKCUMAJIHHO JIOITYCTUMBIH, TO OHA aBTOMAaTHYECKH pa30MBaeTCs Ha TOAIPOTPAMMEL.

Robotmaster MO>keT HCTIOIB30BATHCS I CIEIHAIN3NPOBAHHBIX 3334, HAIPUMEp, MOJIYUYCHHS TPACKTO-
puil 1ns AyroBoi cBapku. TpaekTopuy CBapKW aBTOMaTHdecku co3paroTcs mo CAD-Momenu ¢ ykazaHUEM MU-
HUMAaJFHOTO KOJMYECTBA IMapaMeTpoB AJIS BBHIIOTHEHHS TPeOyeMOoro IIBa W MPAaBHILHOTO ITOJIOKEHHS CBapOd-
HOU TOJIOBKH. VIMEIOTCSI BO3MOKHOCTH YIPABICHUS HAKJIOHOM W TIOBOPOTOM CBapOYHOH TOJOBKH JJISI ONTH-
MaJIbHOTO BEJEHHMs IpOolecca CBapKH, aBTOMATHUYECKOrO BKIIIOYEHHUS WIN BBIKIIIOYEHUS CBAapOYHOHM TOJOBKH.
VYnpaBieHue opueHTaled HHCTPYMEHTa T03BOJIAeT ONTUMU3UpoBaTh YII, n3MEHUB BpallleHUe CYyCTaBOB MaHU-
MyJsTOpA.

[Iporpammuoe oGecnieuenne Deneb Robotics nponsBonut nporpaMMbl BUPTYalbHOTO IPOEKTHPOBAHMS,
BUPTYaJIbHOTO NMPOTOTUINHPOBAHUSA M UMHUTALUU NPOU3BOACTBEHHBIX YYaCTKOB M 3aBOJOB. Bo3MokHBIE BHIBI
MMHTALWH BKJIIOYAIOT BU3YaJIM3alMI0, OOHAPY)KEHNUE CTOJIKHOBEHUI M OLIEHKY IJIUTEIBHOCTH MPOHU3BOJICTBEH-
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Horo nukia. Komnanuei Boimyckarorcs cnenyrouie nporpammusie npoaykTel: ENVISION (ans BupTyanbHOro
OpOCeKTHPOBaHus U npototunuposanus), IGRIP (s npoexktupoBanus poOOTOB W IUIAHUPOBAHMSI JABIKCHHS)
1 ERGO (s iMuTanuy ¥ aHalln3a YprOHOMUKH U delioBedeckoro dakropa) [17].

Kommanus SILMA npou3BOIHUT CEpHUIO MOIYJIEH BUPTYyaIbHOHN nikeHepun: SoftAssembly obecrieqauBaeT
UMHUTAIUIO TOCIEIOBATEIEHOCTH COOPKH, 3allMCh ONTHMAJIBHON TPAaCKTOPHH W BH3YalIH3allHIO, BBIABICHHE
CTOJIKHOBEHUH B Tporiecce cuMmysiium; SoftMachine cimyxuT ass umuTanuu oOpaboTku Ha cranke ¢ UITY;
CimStation Robotics — st uMuTaIuu po6OTH3NPOBAHHOTO MPOU3BOACTBEHHOTO ydacTka [19].

ITaker CimStation Robotics (CSR) uMeer cpencrtsa st MOACTUPOBAHUS Pa3IMIHBIX MTPOMBITIICHHBIX
pobotorexunueckux komrurekcoB (PTK). OH cozmepxuT nojacucteMy KaauOpOBKH, MO3BOJISIOIIYIO CKOPPEKTH-
pOBaTh TEXHOJIOTUYECKYIO IPOrpaMMy B COOTBETCTBHM C T€OMETPUUECKUMHU pa3MepaMu PeasbHOr0 KOMILIEKCA.
Nmeercst Takxke BO3MOXKHOCTb BBIOpaTh poOoTa M3 OMOIMOTEKH, CMOJICIIMPOBATH €r0 JIBHXKEHUS, OOHAPYKHUTh
CTOJIKHOBEHHSI M C(POPMHPOBATH €ro IMOJHYIO AUHAMHYECKYIO MOAeNb. [ co3MaHus 1Mojib30BaTeIbCKUX MPHU-
JIO’)KEHUH MpeNyCMOTpeH creuraibHbli 36k SIL. MMeercs: Takke BO3MOXKHOCTh MOJKIIIOYATh MOJYJIM, HAIH-
cannbple Ha s3pike C. TexHomormueckas mporpamMma pobota co3maercs Ha s3bIke, coBMecTuMoM ¢ Karel. [Jlo-
CTYNHHI chemytonue GyHkmum: nepenada naHHbIX B popmarax IGES/ ACIS; moctmnponeccupoBanue po6oTa;
Bo3MOXHOCTh RRS; o6ecnieuenne npsmoro natepdeiica CAIIP (CATIA / Pro-E u ap.); 3KCIOPT / IMITOPT sT9EEK
B RobCad; skcmopt / ummopt staeek B Delmia [20].

IIponecc mmurammonnoro moaenuposanns PTK mpu momormm makera CimStation oCHOBaH Ha aHAJIH3e
BapHaHTOB, MpeIaraeéMbIX nojb3oBaTesnieM. OH uMeeT Oosiee pa3BuThie, 4eM RobCAD cpencTBa TuHAMUYECKO-
T'O MOJICTIMPOBAHUSI MaHUITYJIITOPOB, HO NPAKTUYECKH HE YYUTHIBAET TEXHOJIOTUUECKHE OCOOCHHOCTH pealbHbIX
MPOU3BOJICTBCHHBIX IPOLIECCOB. AHAJIOTMYHBIME HenocTatkamu obOnamaror u maketsl IGRIP, WorkSpace,
GRASP u ROSL

FAMOS robotic® (Carat Robotic Gmbh) — cucrema offline-nporpammupoBanusi, KOTopas npexHa3Haue-
Ha JuIsl pa3padOTKH POOOTOTEXHUYECKHX CHCTEM, YCTAHOBOK M TEXHOJIOTHUECKHX IpolieccoB. JleiicTByeT oHa Ha
6aze cumynstopa EASY-ROB ™ Robotics. [TakeT mo3BossieT mporpaMMHUpPOBaTh U FCHEPUPOBATh TPACKTOPHUU
JIBIKEHHSI po0oTa Ha 00pabaThiBaeMOM JeTali, OIICHUTh JOCTYITHOCTh pad0vero MpOCTPaHCTBA, POBECTH MPO-
BEPKY Ha CTOJKHOBEHHE C MepuepuiHBIM 000pYyIOBaHUEM (IIPUYEM MOXET OIIEHUBATH 3a30PHI M PACCTOSHUS
0 00BEKTOB), OIICHUTH BPeMsI TEXHOJIOTHMYECKOTO Tporiecca. B cucreme nocTymHa cCUMyAnus poOOTOB OCHOB-
HBIX TUTOB. Bo3MmoxkHa paborta ¢ ocHoBHbIMH TumamMu CAD-dopmaros: Step, VDAFS, IGES ACIS SAT
u Parasolid XT, ¢aiiner ProENGINEER u Wildfire moryTt ncnons3oBathest 6€3 MOTeph, JOCTYITHBI QUIBTPHI IS
nmmopta naHHbeix u3 CATIA V4 u V5, UNIGRAPHICS u gp. ITaket paboTaer ¢ TpeXMEPHBIMU MOJCIISIMU TI0-
cpeactsoM Drag'n Drop, unterpupoBannsiM Granite-Kernel or PTC. CrenepupoBaHHYI0 TPaeKTOPHIO IBUXKE-
HUs poOOTa Ha 0OpadaThIBaEMON J€Tall MOKHO MU3MEHHTb, UCIIOJNIB3Ys CIBHI, IOBOPOT, 3€pKaJIbHOE 0TOOpaxe-
Hue U T.1. OCHOBHBIC MapaMeTpsl MporeccoB ycranaBnupatorcs: ¢pyHkuueid «3JUTOP». Ilpu pabore MOXHO
ynpasisite 10-curnanamu u noanporpammamu. s cozganust YII mcnonb3yrores moctnpoueccopsl poOOTOB
ABB, b + m, Fanuc, KUKA, STAUBLI u MOTOMAN [21].

PowerMILL Robot (Autodesk) siisieTcs crienMaan3upoBaHHON pacmupenHoi Bepcueir CAM-cucTeMbl
PowerMILL, koTopast 1aeT BO3MOKHOCTh KOMOMHUPOBATH B 0HOW YII MPUHIMITEI pYyIHOTO U aBTOMATHU3HPO-
BaHHOTO NporpamMMupoBaHus. [loip3oBarenp, 3amaBas MOCICIOBATEIBHOCTh MPOMEKYTOUYHBIX ITOJIOKCHHM,
MOJKET IOKa3aTh B BHUPTYAIbHOW cpele HeOOXOIMMBIM NMPUHIUI IEPEeMEIICHNs 3BEHBEB PoOOTa B Ipoliecce
obpabotkn, a CAM-cucTteMa aBTOMATHYECKH TIOJACTPOUT IBHKEHHsI poOOTa IO BHITIOJHEHHE YIPaBIISIOMIEH
MPOTPaMMEI TSI KOHKPETHOH omeparmu oopaboTku. Takoi moaxox BOCTpeOOBaH, €CIHM MPHMEHSAETCS HECTaH-
JapTHas KpelexHas OCHACTKA WM MMEIOTCS JPYTrue reOMEeTPUUECKUE OrpaHUYeHUs, KOTOpbIE HE yAaeTcs Moi-
HOCTBIO Y4ecTb Ha dTare pazpaborku YII. bubnuorekn koHpurypanmii po6oToB Takue e, kak y Robotmaster,
JIOTIOJTHUTENIBEHO UMeeTCsl PYHKIMS BBIOOpA ITapaMeTpOB CMEHBI HHCTPYMEHTA.

B cucreme PowerMILL Robot VII npoepsiercs Ha cTonkHOBeHus. [Ipu nmporpaMMupoBaHUM HMpPOMBIILI-
JICHHOTO po0OTa MOXKET OKa3aThCsl, YTO OCh €0 KUCTH OPHEHTHPOBAaHA KOJUTMHEAPHO OJTHOM M3 Ocell KHHEeMaTH-
YECKHMX 3BCHBCB. Takas (yHKIMOHAIBHAS CUHTYJISAPHOCTh KHCTH XapaKTEpHA TEM, YTO JAAHHOE IMOJOXKCHUC KU-
CTH po0OTa B MIPOCTPAHCTBE MOXKET OBITh PEATM30BAHO MPH ITOMOIIHU IMIHPOKOTO JAWANa30Ha yIIIOB IOBOPOTA €ro
MIPOMEKYTOYHBIX 3B€HHEB. BOSHMKHOBEHHE CHHTYISIPHOCTH KHCTH POOOTa COMPOBOXKIAETCS PE3KUMH IIOBOPO-
TaMH MPOMEKYTOUHBIX 3BEHBEB, YTO MOXKET NMPHBECTH K CTOJKHOBEHHSAM M yXYIIINTh KaueCTBO 0OpabOTKH.
B PowerMILL Robot 2015 peanmn3zoBaHo aBTOMaTHYECKOE MPEAOTBPAIICHNE CHHTYIIPHOCTH KUCTH KaK HamOo-
Jiee 9acTO BCTPEYAIOMIETr0Cs BUAA CHHTYIISIPHOCTH.

B PowerMILL Robot Moryr MMIoOpTHpOBaThCS YHNPABISIOMIME NPOTPaMMBbI, pa3padOTaHHbIE B IPYrHX
CAM-cuctemax. ImnoprupoBannsle YII ucnons3yroTes Ans KoMnbioTepHO 3D-Bu3yanu3anuu ¥ MOTYT NOCT-
MPOIECCUPOBAThCS NOJ npyroit tun podora. B PowerMILL Robot mMeeTcst HemocpeaCTBEHHAs MOAICPKKA Ha
ypoHe G-kona (komanja mepemenicHus) npoMeinuieHHBIX podotoB KUKA, ABB, Fanuc, Yaskawa Motoman,
Stdubli, Hyundai, Comau, Kawasaki Robot, Nachi u Universal Robots, 4To mo3Bosisier He UCIOJIL30BaTh MPO-
rpaMMHOE 0OecriedeHre CTOPOHHHX pa3paboTunkoB [uist rerepanun Y1 xotposutepa.
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PowerMILL Robot mmeer mocTylm KO BCEM MHOTOOCEBBIM CTpaTerdsiM OOpaOOTKH, PEaIM30BAaHHBIX
B PowerMILL. B orinnume ot mstrocHbIx crankoB ¢ UITY, mpomblnuieHHBIE pOOOTHI 001aJai0T LMIECTHIO HMIIH
Gosiee creneHsiMu cBoOonbl. [Ipu paboTe ¢ MMHEHHBIMH HANPABISIOMIMMHI W MO3UIMOHEPAMH, UMEIOIIUMHI OT
OJIHOM 10 TIATH OceH, 3aga4da 3¢ PEKTHBHOTO CHHXPOHHOTO YIIPABICHUS BCEMH OCAMH yCIOXHsAETCs. B mpomecce
paspadotku YII momp3oBaTens cHavana 3aJacT Uil KOHKPETHON JIETaJli MOCIIEA0BATENILHOCTE 00pabOTKH, MpH-
MEHsSIST MHOTOOCeBbIe cTpaTernd. 3areM YII mepenmaercss B crienmaibHBIA MOMAYINb, MO3BOJISIONINN 3a/1aBaTh
MNPUHIUI IEPEMELICHIUS] KHHEMAaTHUECKUX 3BEHBEB pOOOTA C yUETOM M30BITOYHOCTH CTEIEHEH CBOOOIBI C TOUKH
3PEHUS TIATHOCEBON 00pabOTKH.

Kommeke nudposoro npoussoactsa DELMIA (Dassault Systemes) npeaHasHadeH A1l MOAEINPOBAHUS
OTZAEJIBHBIX pOOOTOB U POOOTU3UPOBAHHBIX siueeK, cTaHKoB UI1Y, n3MepuTEIbHBIX YCTPOHCTB, NOTOKOB JIBHXKE-
HUS M31enni B nexe. IIpu MoaennpoBanuy poOOTH3UPOBAHHBIX SYEEK NMPOBOJAMUTCS aHAIN3 PabO4MX 30H U IPO-
BEpKa Ha CTOJKHOBEeHUs. JlocTynHa (QyHKIMS reHepaliy IIporpaMMbl YIIPaBJICHHS U1l PEalIbHOTO KOHTpOJLIepa
pobota. Mozesnp poboTa BeIOMpaeTcss U3 OMOIMOTEKH MIIM CO3/1a€TCsl BUPTYalIbHAsl KUHEMAaTHYeCcKask MOJIEIb 10
aHAJIOTHH C TBepAOTeNbHBIM MojenmupoBanneM B nakere CATIA. Moayns IGRIP nmeer HaOOp MHCTPYMEHTOB
JUIST KOHKPETHBIX OIEpAaLlfid, HAIpUMeEp, BHIOOP TPACKTOPUH NpH IyroBoi cBapke. Ecim k gBmkeHnio podora
HPEABSBISIIOTCS 0COOBIE TPEOOBAHUSI, TO MMEETCS] BO3MOXHOCTh PACIIMPUTH CTAHAAPTHBIC (DYHKOWH, CO31aB
COOCTBEHHBIE MAaKpOCHI U MoANporpammsal. I[IpexycMoTpeHa BO3MOKHOCTh KOPPEKIIMU BPEMEHH Pab0dero UKIIa.
MMeroTcst Takyke MHCTPYMEHTHI Te€HEepallid M KOHTPOJISI CHHXPOHHBIX JACHCTBHM HECKONIbKUX podoToB. IGRIP
UMeeT Habop MHCTPYMEHTOB TMHAMHUYECKOTO aHANN3a, U3MeHEeHHs napamerpos [T /I-perynsTopos, 4To Mo3Bo-
JISIET MPOBECTH aHAJIM3 CHJI, YCKOPEHHI 1 Harpy30K 3BeHbeB pobora [23].

MELFA-Works — pacmupenue k nakery tpexmepHoro CAD-nporpammupoBanust SolidWorks — no3so-
JsIeT MOAEIUPOBATh 3alIPOrPaMMHUPOBAHHBIE OCIEI0BATENBHOCTU ONEpaluii B BUPTYanbHOH cpeae, MPOBOIUTh
IPOBEPKY HAa CTOJKHOBEHMSI MEXKIY YaCTSMU CUCTEMBI U ONTHUMU3UPOBATh NepeMeleHus. TpaekTopuu nepeme-
IIEHUH IT03BOJISIET COXPaHTh B (paitnax ¢ pacmupennem AVI.

Robotworks — cucrema MozenupoBaHus ABMKCHUS M POrPaMMHUPOBaHUs pOOOTOB, KOTOpasi Takxke (PyHK-
uonupyet B SolidWorks. Robotworks 6.5 nomepxuBaer napamerpuueckue Qaitiisl ¢ paciupenusmu [IRB4 nim
[JRB6, KOTOpBIE HCIONB3YIOTCS VISl TBEPAOTEIBHOIO IPOSKTUPOBAHUST POOOTH3MPOBAHHON SUCHKN M MMHUTALMN
nBxeHni pobota B 3D-cpene. Robotworks mo3Bosisier nepeMeniath HHCTPYMEHT, OOHapyXHUBaTh CTOJKHOBEHHS,
0ToOpaxaTh (paKTHUecKHe OOIIMe 3HAYCHNS U OTPAaHWICHHMS, IPEAOCTABIACT PAMKH JUISl HHCTPYMEHTOB U HOJIB30-
BaTeNbCKue (0a3oBbIe) (peiMbl, paboTaeT ¢ OONBITMHCTBOM UMIOPTHPYEeMBbIXx CAD-IMOBEpXHOCTEH, CUMTHIBACT
KOOPJIMHATHI BBIOpaHHON TOUkM XYZ M TIepeBOAUT WX Ha poOOTa, 3aITMCHIBACT BHEIIHHE COOBITHS W MHCTPYKIHH
(BBOZ/ BBIBOJ, CKOPOCTh M T. J.) IUIS KOKIOW TOUKH, 3aIMChIBaeT coOCTBeHHBIE (haitel st podotroB FANUC, ABB,
Kawasaki, Motoman, KUKA u STAUBLI, co3naer Toueunsie (aiinbl B oOme# GopMe M GONBITMHCTBA APYTHX
po6oToB [24]. ViccneoBanue TpaeKTOPUH IIPOBOJNUTCS ITyTEM H3MEHEHHS YITIOB B COWICHECHUSIX MAHUITYJIATOPA.

B cucreme aBroHomHoro nporpamMmupoBanus ROBOMAX Taxke UMHTHPYETCS JBUKEHUE MAHUITYIISATO-
pa myTeM MMIOpTa UCXOIHBIX JaHHBIX AJIsl pOOOTH3MPOBAHHON SUCHKH M IKCIIOPTa U3 HEE KOOPAMHAT HOIyUYeH-
Hoit TpaekTopuu. Cucrema ROBOMAX nomnosnHeHa HIporpaMMHBIMEU MOAYJISIMU Ha si3bikax AutoLisp u C++
U CONIEp)KUT 0a3y HaHHBIX C (QailaMu omucaHus NPOMBINUICHHBIX poboroB. ROBOMAX B otrianume OT
Robotworks umeeT BcTpoeHHbIH 361k mporpamMupoBanus SRCL (Siemens Robot Control Language), koTopslii
MO3BOJISIET CO3JaTh TEXHOJOTMYECKYI0 MporpamMMmy Uil poOOTa Ha OCHOBAHMHM HMIIOPTHPOBAaHHBIX JAHHBIX
0 KOOpJHMHATaX TOYEK PaCCYNTAaHHOW TPAEKTOPHHU.

OtaenbHBIE TPOU3BOANTEIH CO3AAI0T CIIEIMAIN3UPOBAHHBIC TIPOrPAMMHBIC TTAKETHI AJISI MOACIUPOBAHUS
¥ MpOrpaMMHPOBAaHHS CBOUX poOoToB. Hanmpumep, mporpammuoe obecriedenre Fanuc RoboGuide mpennaszna-
YEeHO ISl MOJEIMPOBAHMSA, CUMYJISIIUN U OLEHKN pabOThl M BPEMEHH LHKJIA POOOTOTEXHUYECKUX KOMILIEKCOB
Ha 6a3e poboToB pupmel Fanuc, Harmcanus YII monxenu pobota [25].

ArcWeld PowerPac (AWPP) — nononuenne x RobotStudio, koropoe pazpaboTaHo criequanbHO 1S TeHe-
pHUpOBaHMs IporpaMM podoTa MpHU IEKTPOAYroBoii cBapke. [Ipuiioxkenne conepxuT Habop rOTOBBIX MIA0JIOHOB,
KOTOpBIE MOTYT OBITh MOAM(MUIIMPOBAHEI TT0JIb30BaTeNeM. VirtualArc MporHo3upyeT U HaCTPauBaeT MapamMeTphl
cBapku B pexkume offline. IIporHo3s! u3 cUMyIANUNA UCTIONB3YIOTCS KaK BXOJHBIE TapaMeTphl AT IPOTHO3UPO-
BaHMs KauecTBa U NPOUIIst CBApKH, 1eEKTOB IIBa.

[Maker nporpamm ROBO-PLAN mnpenna3zHaueH Ajisl porpaMMHpOBaHus cBapouHbIX po6otoB QIROX®
Ha ocHOBe Mogermn CAIIP s 3amau cBapku. I'eHepanus M aganTanusi MakeTa CHCTEMbI IPOBOJUTCS ¢ HOMO-
mpio Moayinst ROBO-MOD, ob6wequnstomiero ummnoptupyembie ¢aiinsl CAD B ¢dopmarax ACIS, CATIA,
PROE, STEP u xunemarnueckue Mmoaenu poooroB. @ynkmnust MASTER-SLAVE no3BonsieTr CHHXpOHU3HPOBATh
JBIDKCHUE ABYX poOOTOB. B mporpamme IOCTYIHO CTIaXMBaHHE CBAPOYHBIX IAPAMETPOB IIyTEM ILUIABHOTO H3-
MEHEHUS 10 8 CBAPOUYHBIX MTAPaMETPOB Ha OTPE3Ke IIBa 3aJaHHOHN JITUHBI [22].

3agaun MOJETUPOBAHUSA U ONTHMU3ALUU, KOTOPBIE PEIIAIOT ONUCAHHBIE NMPOrPAaMMHBIE NMAKEThl, UMEIOT
JIOKJIBHBII XapaKTep M He NCUEPIIBIBAIOT BCEX MPO0JIeM, BO3HUKAIOIINX P IPOCKTUPOBAHUH.
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3. SI3bIKOBBIE CpPEACTBA POOOTOTEXHHYECKHX cHCTeM. [locie KOMITBIOTEPHOTO MOJICIUPOBAHHUS
U OTPEJICTICHHUS ONTHMAIBHON TPACKTOPHUHU IBIDKCHHS po0OOTa ee HYXKHO MEPEBECTH Ha s3BIK KOHTPOJUIEpa pe-
anpHOTO po0OTa IS BBITIOTHEHHUS TEXHOJOTHYECKOH mporpamMmbl. OmHCaHHBIE CHCTEMBI aBTOHOMHOTO IIPO-
TPaMMHUPOBAHUSA UMEIOT (QYHKIMH ITOCTIIPOIiecCCHpoBaHus U co3nanus YII mis poboToB Ha pa3HBIX s3bIKax. Ho
MPaKTUYECKH BCE KPYIHBIC MPOM3BOIUTEIN POOOTOTEXHUKH pa3padaThIBAIOT COOCTBEHHBIE S3BIKH MTPOTPaMMHU-
POBaHUS W CPEACTBA BCIIOMOTATEIBHOTO IMIPOrPAMMHOTO OOECTIEYeHHS, YTO OCJIOXKHSIET IEPEHOC IIPOrpaMMEI,
HAIMCAaHHOHM 11 OXHOTO PoboTa, B KOHTpoJUIep poboTa Apyroro mpowmsBoautensd. Eciam koHTpommep poboTa
CBSI3aH C MPOTPaAMMHPYEMBIM JIOTHYECKUM KOHTPOJUIEPOM, 00ECIICUNBAIOIIAM B3aNMOICHCTBIE po0OTa U TepH-
(hepuiiHoro 000pyIOBaHMS, TO MPOrPaMMe OTPEOYETCS KOPPEKTUPOBKA. BONBIIMHCTBO MPOMBIIUICHHBIX PO0O-
TOB MMEET KOMIUICKCHYIO IIPOTPAMMHYIO 000JIOUKY, B KOTOPYIO MPH HEOOXOAMMOCTH UHTETPUPYIOTCS TOTIOJIHU-
TEJBHBIC MOJYJIH PACIIMPCHUMN, HATIPUMED, MOIYJIM KOMMYHUKAIIUA ¢ BHCITHUMHU CEHCOPHBIMH YCTPOHCTBAMU:
CUCTEMaMH BHJICOHAOIOACHUS, 3aMepa MpUaracMoi Harpy3Kd, BPAIalOIero MOMEHTA | T.II. DTO MO3BOJISET
POOOTOTEXHHYECKON CHUCTEME pearupoBaTh HAa M3MCHCHHE BHEIIHHMX ycloBHUA. OIHAKO NPH MMHUTAIIHOHHOM
MOJICIIUPOBAHUK B OOJBIIMHCTBE CHCTEM aBTOHOMHOTO IIPOTPaMMHPOBAHHSA (YHKIMH CBS3M C BHEUITHHMU
YCTPOHCTBAMH HE OTPaXKAIOTCs, CIIE0BATENFHO, IPOTPaMMy POOOTa MIPUXOIUTCS TOPaOaTHIBATE.

[IporpammuOe obecrieueHre poOOTOTEXHNUECKUX CHCTEM COCTOUT U3 S3BIKOB Pa3HBIX YPOBHEH:

— SI3BIKH OOTIEHMSI YeI0BEKa-0IepaTopa ¢ poOOTOM Yepe3 HHTEIUIEKTyIbHBIN HHTEpdETic;

— IpOOJIEeMHO-OPUEHTUPOBAHHBIC SI3BIKH IS OTIMCAHMS BBITIOIHAEMBIX TEXHOJIOTHIECKHX OTEepaIiii B KO-
opanHaTax pabodeit 30HE poboTa (s1361kH Autopass, LM-GED, Robex u np.);

— poOOTOOPHEHTHPOBAHHBIC SI3BIKM JJIsl ONHCAHWs IBIOKEHHI camoro poobora (s3eikn MHI, WAVE,
MINI, AL, VAL, AML, HELP, PAL, TEACH u np.);

— s13b1KkU AnieMenTapHbIx aerxkennit (SIGLA, EMILY, RCL, RPL, ANORAD);

— SI3BIKH YIIPABJICHUS OTIICIbHBIMH PUBOIAMH.

Cuctemsl ympaenenus podoramu B coctaBe PTK, paboTaroT COBMECTHO C APYrUMH TEXHUYCCKHMHU CH-
CTEeMaMHU, TIO3TOMY K YKa3aHHBIM BHINIC JOOABISIOTCS YHU(DUIIMPOBAHHBIC MPOMEKYTOUHBIC SI3BIKH, IIPECIHA3HA-
YeHHBIE IUI CBS3BIBAHMSA TEXHOJOTMYECKMX CHCTEM M KOMIUIEKCOB, WCIONB3YIOMINX pa3IMYHBIC S3BIKOBHIC
cpenctsa [26-30].

3akiarouyenue. [To cpaBHEHHIO ¢ MporpaMMHUpOBaHUEM B pexkume oOydenus offline-nmporpammupoBanue
TO3BOJIIET WCKITIOYUTH WM MHUHHMI3HPOBATh BPEMSI OCTAHOBOK POOOTOTEXHHYECKOTO KOMIDIEKCA JUIS TIeperpo-
rpamMmupoBaHusi. C MOMOIIBIO CHCTEM aBTOHOMHOTO TIPOTPaMMHUPOBAHMS W MOJICITMPOBAHUS PEIIAIOTCS CIIEIYIOIINe
3aJ]a4M: OTITUMH3AIIHA KOMITIOHOBKH 000PYIOBaHUS, BEIOOpa pOOOTOB M MHCTPYMEHTA, aHAJIN3a IOCTIKUMOCTH PO0O-
TaMHU PACUYCTHBIX TOYEK, IPOBEPKH 3aJAHHOTO BPEMEHH IMKIIA, ONTHMHU3AINK TPACKTOPHI JABMKEHUS poOOTa, mepe-
pacrpenieNieHus Onepayidi MKy poOOTaMH, aHAIN3a CTATUYCCKUX CTOJKHOBEHHH poOoToB ¢ 3nemeHTamu PTK,
aHaM3a JUHAMUYECKUX CTOJNKHOBeHUH B stueiike PTK, kanmuOpoBku moneneit stueek PTK B cooTBeTcTBUM C pealtb-
HBIMH OTKJIOHCHHSIMH TIPH M3TOTOBJICHUH M MOHTaXKe 000pyIoBanus, co3nanus Y11 1t KoHTpoiuiepa poboTa.

IIpoBeneHHBIN 0030p MOKa3aJ, YTO BUPTYaIbHOC MOICIHUPOBAHKC U MPOTPAMMHUPOBAHHE CBS3aHO C Psi-
JIOM Hepa3pelIeHHBIX MPO0JieM, TAaKUX Kak:

— HETIOJIHO€ WJIM HETOYHOE MOAETMPOBAHNE COCTABIAIOMNX poO0Ta MK POOOTH3MPOBAHHON SYEHKH, ITO
B peajIbHOCTH MOXKET MPUBOJINUTH K CTOJKHOBEHUSAM H cOosiM B pabore. Hanmpumep, CAD-mMoznenu He oToOpaka-
FOT TIPOBOJKH JJIEKTPO-, Ta30CHA0KEHUS U B MPOIIECCe MOJACIMPOBAHUS HY)XHO Npeayranath, KyJa OHH OyayT
nepeMeInaTbes NPy ABIKCHUH POOO0Ta;

— CIJIO)KHOCTh ONTHMHU3ALNHN TPACKTOPUH JBIKCHHS MO COBOKYITHOCTH KPHTEPHEB M C YUETOM PAacIoo-
JKCHHS U OPHCHTANMU pab0Yero HHCTPYMECHTA;

— OTCYTCTBHE HEKOTOPBIX MOJEJCH pOOOTOB M MO3UIIMOHEPOB B 0a3ax CYyMICCTBYIOIIUX MPOTPAMMHBIX
nakeToB. OpUCHTAIMs NeTaleil MO3UIIMOHEPAaMH HE BCETa TOYHO OTOOpa)aeTcs, T.K. OTCYTCTBYET BO3MOXK-
HOCTh 33J]aBaTh BCE CKOPOCTH JIBUYKCHUS 3BCHBCB MO3UIIMOHEpPA U POOOTA-MAHMITYJISATOPA, & YIPABJICHUE, KaK
MPaBUJIO, OTPAHUYCHO O OCAMU;

— CIIO)KHOCTH OIICHKH OJTHOBPEMCHHOM PabOThI YeJIOBEKA, pOOOTOB, MO3UIMOHEPOB;

— CJIO)KHOCTB CO3/IaHUS M OTJIAJIKH IPOTPAMMBI [T YIPABILIIONIETO KOHTpoiuiepa poboTa 1 00mero KoH-
TpoJiepa Uit po0oTa U O3UIIHOHEPa IPU CHHXPOHHOM W ACHHXPOHHOM YTIPABIICHUH;

— CJI0XHOCTH TIEPEHOCA MPOTPaMMBI M3 CHCTEMBI aBTOHOMHOTO MPOTPAaMMHPOBAaHHS B KOHTPOJUIEP pe-
ANBHBIX POOOTOB, CBSI3aHHBIE C pa3HOOOpa3UeM S3BIKOB MPOTPAMMUPOBAHUS M C OTCYTCTBHEM CHMYJISIINH COB-
MECTHOU paboThl p0OOTa U BHEIIHUX CHCTEM U TATYHKOB.
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SOFTWARE OF OLP FOR INDUSTRIAL ROBOTS-MANIPULATORS
L. LOBOREVA

The article gives an overview of the well-known CAD systems and autonomous programming systems for

industrial robots that allow creating 3D models, pre-testing by simulation in a virtual environment, optimizing
trajectories and algorithms for controlling industrial robots.
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