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Bseoenue. ABroMarnzanys moaydeHUs] KOHCTPYKTOPCKUX MapaMeTpoB oOpadaTeiBaeMoit
JIeTaIN SIBIISIETCSI OZIHUM M3 DTAIllOB MHTETPAIlMH KOHCTPYKTOPCKUX CHCTEM aBTOMAaTH3H-
POBaHHOTO MPOEKTUPOBAHMUS C CHCTEMAMH TEXHOJIOTHUECKON TOATOTOBKU ITPOU3BOCTBA.
Lenpro aHHOH pa®OTHI SBISETCS MOJIYYSHHE IapaMeTpOB JIETaN, 3HAUCHUS] KOTOPBIX
MOTYT HCTIOIb30BaThCS B COCTaBE MH(OPMAIIMOHHBIX CBSI3€H, peaan3yeMbIX ¢ IpHUMeHe-
HHUEM TEeXHOJIOTMYECKON IapaMeTpH3aIiiH.

Mamepuanvt u memoowi. PaboTa sIBIsIeTCS] pa3BUTHEM KOHILETIIUN CKBO3HON KOHCTPYK-
TOPCKO-TEXHOJIOTMYECKOH ITapaMeTpH3aluyl MPUMEHNUTEIBHO K aBTOMaTU3UPOBAHHOMY
MIPOrPaMMHUPOBAHUIO CTAHKOB C YHCIIOBBIM IPOTPAMMHBIM yIpaBieHHeM. B ocHoBe Teo-
pPETUYECKUX HCCIEeJOBAaHHUHN JIexkaT GopMaibHas TEOPUsl HPEICTAaBICHUS U 00pabOTKI
JAHHBIX, TEOPHUSI MHOXKECTB, TEOPHUsI MEPAPXUUECKUX MHOTOypOBHEBBIX cucTeM. IIpo-
rpaMMHas peann3anys BeimosHeHa B cpeze Visual Studio C++ ¢ ucnons3oBaHueM HHTEP-
¢eiicos npukinagaoro nporpammupoBanusi KOMITAC-3D u reomerpudeckoro sapa C3D.
Pesynomamur uccnedosanus. Pazpaboran croco0® IONMydeHHS HCXOIHBIX IapaMeTpoB
o0pabaTpIBaeMOli AeTau MpH nepenade HHPOPMAIMK U3 KOHCTPYKTOPCKHX CHUCTEM aB-
TOMAaTH3UPOBAHHOTO IPOEKTUPOBAHMSI B CHCTEMBI TEXHOJIOTMYECKOH IOITrOTOBKH IIPO-
n3BoAacTBa. [IpuBenena norndeckas CTPyKTypa JaHHBIX B PENAIMOHHON (opme, KoTopast
M03BOJISIET MCKJIIOUHTH M30BITOYHOCTh M 00ECHEUNTH HENPOTHBOPEYMBOCTH IMPEICTaB-
JIEHHUs TapaMeTpoB AETAIM C y4YeTOM MPUOPUTETOB HCTOUYHHMKOB AAHHBIX, CBS3aHHBIX
¢ KOHCTpYyKTOpckoit 3D-monenpio. Criocod MporpaMMHOTO peann3oBaH B COCTAaBE KOM-
MEpUECKOH CHCTEMBI aBTOMATH3MPOBAHHOTO MPOTPAMMHUPOBAHMS CTAHKOB C YHCIOBBIM
nporpaMMHbEIM yrpaBienneM s atrdopmer KOMITAC-3D. Hcxomubie mapaMeTpsl
(MeTamaHHbBIE, CBOMCTBA MaTepHana, MapaMeTpbl aHHOTALUH, MapaMeTpHUUECKHe Iepe-
MEHHBIE) M3BJIEKaroTCst U3 3D-Mozenu ¢ UCHoNIb30BaHUEM NPUKIIIHOTO IPOrPAMMHOTO
uHTepdeiica. [ moaydeHus CBOWCTB MaTepraia pealn3oBaHa HHTETPAIUS CO CIIPaBoOy-
HuKoM Marepuaios cucrembl KOMITAC-3D.

Obcyscoenue u 3axarouenue. ABTOMaTH3aLUs TOATOTOBKH HCXOAHOW MH(POPMALINH O Je-
TQJIM SIBJISICTCS TEPBBIM JTAllOM B PealiM3allid CKBO3HOM HapaMeTpH3alvy B 3ajadax
KOHCTPYKTOPCKOTO M TEXHOJIOTHMYECKOTO TNPOEKTHpPOBaHUs. brmaromapst KOHCTPYKTOp-
CKO-TEXHOJIOTHYECKOI IapaMeTpu3alyil U acCOLMAaTUBHOCTH TPAEKTOPHH 00paboTKH
MOKHO MOCTPOHUTH CKBO3HOE NPOEKTHOE PELICHHE, KOTAa N3MEHEHHs, BHECEHHBIE KOH-
CTPYKTOPOM B J€Tajlb, OyIyT aBTOMaTHUYECKHU IIePENaBaThCsl B TEXHOJIOTNIECKYIO MOJIEIb
1 Janee uepe3 MOCTIPOLECCOP B YHPABISIOUIYIO NMPOTpPaMMy UL CTAHKA C YHUCIOBBIM
IporpaMMHBIM yrpasieHrneM. CKBO3HYIO IapaMeTpu3anuio Hanbonee 3 QpeKTHBHO Hc-
MOJIB30BATh IS ACTaNICH, MMEIOIINX HECKOIBKO pa3MepHBIX Moaudukanuil. lanpHeimee
Pa3BUTHE KOHCTPYKTOPCKO-TEXHOJIOTMYECKOH MapaMeTpH3aliyd B COCTaBe HHTETPHPO-
BAaHHON CHCTEMbI aBTOMATH3MPOBAHHOTO IIPOTPAMMHPOBAHUS CTAHKOB C MPOTPAMMHBIM
yIpaBJICHHEM ITAHUPYETCs HallpaBUTh Ha PElICHHE 3a1ad aBTOMAaTHIECKOTro 1oaoopa pe-
JKYIIUX HHCTPYMEHTOB M MPUCTIOCOONICHUH HAa OCHOBE AITOPUTMOB, PEANN3YEMBIX MONb-
30BaTEISIMH IIOCPEICTBOM apaMETPUIECKUX HH(POPMAIIMOHHBIX CBSI3EH.
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Automation of Obtaining Parts Parameters for Tasks
of Design-Technological Parametrization
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Introduction. Automation of obtaining design parameters of the part is the most important
step in the integration of the design, process planning and manufacturing. The aim of this
work is to obtain part parameters, the numerical values of which can be used in parametric
calculations.

Materials and Methods. The work is the development of the concept of end-to-end design
and technological parametrization in Computer-Aided Manufacturing. The theoretical re-
search is based on the formal theory of data representation and processing, the set theory,
and the theory of hierarchical multilevel systems. The software implementation was car-
ried out in the Visual Studio C++ environment using KOMPAS-3D application program
interface and the C3D geometric kernel application program interface.

Results. A method has been developed for obtaining the initial part parameters during
the transfer of information from the design engineering Computer-Aided Manufacturing
systems to the technological preparation of production. A logical data structure in a rela-
tional form was developed, which made it possible to eliminate redundancy and ensure
the consistency of the presentation of part parameters, taking into account the priorities
of the sources of design information. The software method is implemented as part of
the commercial Computer-Aided Manufacturing system for the KOMPAS-3D platform.
Source parameters (metadata, material properties, annotation parameters, parametric
variables) are extracted from the 3D-model using application program interface. Integra-
tion with the KOMPAS-3D materials directory has been implemented to obtain material
properties.

Discussion and Conclusion. The obtaining of initial information about the part is the first
step in the implementation of the end-to-end design and technological parameterization in
the field of Computer-Aided Manufacturing. Due to the design and technological param-
eterization and associativity of the toolpath, a through technological project can be built
when changes made by the designer to the part will be automatically transferred to the
technological model and to the control program for the CNC machine. End-to-end para-
metrization is most efficiently used for parametrized parts that have several dimensional
modifications. Further development of the technological parameterization is expected to
focus on the tasks of the automatic workpiece selection, cutting tools and devices.

Keywords: parametrization, Computer-Aided Design / Computer-Aided Manufacturing,
KOMPAS-3D, control program, 3D-model, integration, Application Program Interface
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Beenenne

KoHCTpYKTOPCKO-TEXHOIOTHYECKAS
napaMeTpu3aIis SBISETCS MOIIHBIM WH-
CTPYMEHTOM TIOBBIIIIEHHUS YPOBHS aBTOMa-
THU3AIUM  TEXHOJIOTHYECKOU IMOJTOTOBKH
MPOM3BOJICTBA. YCTaHaBMBas WH(OpMa-
[UOHHBIC CBS3M MEXJIy TlapamMeTpamu
KOHCTPYKTOPCKOW MOJIENI U TlapameTpa-
MH TEXHOJIOTHYECKOTO IIpoIecca, WHKe-
HEPBI-TEXHOJIOTH MOTYT CaMOCTOSTEIIEHO
ABTOMATHU3UPOBATh THIIOBBIC PACUCTHBIC
METOJIMKH, COKPATHTh BpeMsl pa3pabOTKH
TEXHOJIOTHUECKOW  JIOKYMEHTAIMH, JO-
CTHYb IIOBTOPHOTO HCIIOI30BAHUS TEXHO-
JIOTHYECKOTO MPOEKTA.

KoHCTpYKTOPCKO-TEXHOTOTHYECKAS
napaMeTpu3alisi OOBIYHO ITPUMEHSCTCS
B CHCTEMax aBTOMAaTU3UPOBAHHOTO MPOCK-
TUPOBAHHS TEXHOJIOTUYECKHUX IMPOLIECCOB
(CAIIP TII) ams aBTOMAaTU3UPOBAHHOTO
3aITOTHeHNS MA0JI0OHOB TEXHOIOTUYECKOM
JIOKYMEHTAIINH, SBIBLICH 3(PPEKTUBHBIM
HHCTPYMEHTOM  HMH)XCHEPOB-TEXHOJIOTOB
[1; 2]. Hanpumep, ucmons3ys IITaTHbIE
napamerpuieckue Bo3MoxkHoctu CATIP
TII m TOTOBBI pENAKTOp MEPEMEHHBIX,
COBPEMEHHBIE  HCCJIE0BaTeNId  3aIpo-
TPaMMHUPOBAIIN TIPOCTEHIIINE aITOPHUTMBI
JUISE BBIYUCIICHHMS 3HAUCHHWH IapaMeTpOB
B SIYEHMKAX TEXHOJIOITMYECKOM TOKYyMEHTa-
uuu [3-6].

B omHOU M3 mpenpyiynmx padoT aBTo-
POM JTaHHOW CTaThU BIIEPBBIE OBLIT TIPEIIO-
KEH TIOJXOJl K OPraHW3alliH TMOICHCTEMBI
KOHCTPYKTOPCKO-TEXHOJIOTHUECKOM — T1apa-
MeTpH3allMd Il 3aJa4 B 00JacTH
ABTOMATH3HPOBAHHOTO ITPOTrPAMMHUPOBAHUS
CTaHKOB C YHCJIOBBIM IPOIPAMMHBIM
ymnpasienuem (UIIY) [7]. HauanpHbM
9TarmoM pabOoThl TOACHCTEMBI SIBISETCS
9Tl MOATOTOBKH MCXOAHON MH(OPMAIUK
00 obOpabarsiBaeMoli jetanu. UuciaoBbie
3HAYEHUS] UCXOJHBIX MapaMeTPOB JCTajH
B JAIbHEHIIEM MOTYT HCIIOIh30BaAThHCS
B TIapaMeTPUYECKUX pacyeTax, HarpuMep,
CBOICTBa MaTepuaja — JUIs pacueTa peKu-
MOB PE€3aHUs, pa3Mephl U MIEPOXOBATOCTH
MOBEPXHOCTENH — Il CO3/1aHUs TMapame-
TPU30BaHHBIX TPACKTOPHIA, a MapaMeTPhI
KOHCTPYKTOPCKO-TEXHOJIOTUYECKUX  dJie-
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MEHTOB — JIJIsl MPOrPaMMHPOBAHUS I10-
CTIPOIIECCOPOB.

ABTOMaTH3aIMS TIOTY9IEHHS KOHCTPYK-
TOPCKHX TapaMeTpoB 00pabaThIBaeMOi
JICTaM  SIBJISICTCS Ba)KHCHIIIUM  3TarioM
UHTErpallid  KOHCTPYKTOPCKHX —CHCTEM
ABTOMATU3UPOBAHHOTO  ITPOSKTHPOBAHHUS
(CAIIP) ¢ cucreMaMu TEXHOJIOTHYECKOM
MOATOTOBKH Mpou3BozcTBa. OHA TI03BOIIS-
€T CBEeCTH K MHHMMYMY WJIH TIOJTHOCTBIO
WCKJIIOYUTh TTOBTOPHBIA BBOJ HH(OpMa-
UM 1 O0ECHECUYHTh CKBO3HYIO Tepelady
JIAHHBIX TI0 IIETIOYKE «KOHCTPYKTOPCKAs
3D-Mopnenp» — «IporpaMMHUpOBaHUE 00-
pabOTKM» — «U3TOTOBJICHWE HA CTaHKEe
¢ UITY» (CAD-CAM-CNC).

B rontekcte CAD/CAM-unTerpanmn
BBIICNISIIOT JIBE 3aJ[a4d: PAclO3HABAHHE
KOHCTPYKTOPCKO-TEXHOJOTHYESCKUX 3JIe-
MEHTOB (3a1a4a feature recognition [8—10])
Y TIOJy4EeHHE HETEOMETPHUYECKUX Tapame-
TpOB neTanu (3amada technical informa-
tion processing [11-13]). 3amaua feature
recognition NPEJICTABISICT COOON OT/EITh-
HYIO CIIOKHYIO TEMY U BBIXOJIUT 33 PaMKH
Hacrosmierd myonukarun. Llenpro naHHOM
paboTHI ABIISETCS TIOTyYeHHE HETEOMETPH-
YeCKUX (MH)KCHEPHBIX) MTapaMeTpOB JeTa-
JIM, YMCIIOBBIC 3HAYCHUSI KOTOPBIX B JlaJIb-
HEHIIIeM MOTYT UCIIONIb30BaThCsl B COCTABE
MapaMeTPUUSCKUX PACUCTOB, a TEKCTOBHIC
3HAUEHHS T1E€PEIaBaThCsl B YIIPABISIFOILYIO
MIPOTPaMMY.

00630p JuTEpaTypbl

Kak B CAIIP TeXHOIOTHYECKON II0MI-
TOTOBKHU MPOU3BOJICTBA, TAK U B CUCTEMaX
ABTOMATHU3UPOBAHHOM ITOITOTOBKHU yIIPaB-
JSIOLUX Tporpamm Jiisi ctaHkoB ¢ YITY
nmapaMeTpbl  00pabaThIBaeMON  JeTaju
MOTYT OBITh TIONYYEHBI PA3IMIHBIMH CIIO-
cobamu. Hammpumep, B padore /I. E. Maxk-
CUMOBCKOI'O TPHUBEJICHBI IATh TPYII Me-
TOJIOB MPEOOPA30BAHUS KOHCTPYKTOPCKOM
UHPOPMALIMU K TaOIUYHOMY BUJLY, TPH-
TOTHOMY «JIJIsl ICTIOJI30BAaHUS B TEXHOJIO-
rugecknx CAIIP:

— HENOCPEJICTBEHHOE KOAUPOBAHHE Ta-
61l ¢ yepTexka;

— HCHOJB30BAaHUE KOHCTPYKTOPCKOH
U TEXHOIIOTUYECKOH MapaMeTpHh3aliu
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NpU MPOSKTUPOBAHUU TEXHOJIOTUYECKHX
npoueccos (TII) Ha ocHoBe yHUUKaLINN
(merameld aHANOTOB, TUTTU3AIUU W TPYTI-
TTHPOBAHWS ),

— uieHTH(UKAIHS TOBEPXHOCTEN (KOH-
CTPYKTHBHO-TEXHOJIOTHYECKUX 3JIEMEHTOB)
Ha ocHOBe ucmnonb3oBanus OLE- i API-
byHKIM;

— YCTaHOBJIEHHE CBOICTB IOBEPXHO-
CTell B aKTHBHOM PE&XHME Ha OCHOBE -
ajora;

— UCIOJIb30BaHUE YHUBEPCAIbHBIX Me-
TOOB TPYIIHMPOBKU YEPTEIKHBIX TIEMEH-
TOB (IIPUMHUTUBOB) B KJIacChl (IIOBEPXHO-
CTsIMH) TIpA 00pabOTKe TeOMETPHUYECKUX
dhopmarony [14].

IToxokne Tpymibel METOZOB Mpeodpa-
30BaHUSI KOHCTPYKTOPCKOH HH(pOpMaIuu
paccMarpuBaroTCs U B 0030pHOH YacTh
nucceprauuu C. FO. Kansakynuna:

«l-1 rpynna. Maremaruyeckue, CBs-
3aHHBIC C pACIO3HABaHWEM CBOICTB IIO-
BepxHocTeil g 2D u 3D rpaduueckux
Mojeieit;

2-s rpymma. Vcrmonp3oBaHue crenu-
aJIBHBIX S3bIKOB OIMCAHUS JICTaJICH;

3-1 rpynma. JlMamoroBble CpEACTBa
MpeoOpa3oBaHusl OMHOMEPHBIX MPHUMHTH-
BOB B CBOMCTBA IOBEPXHOCTEM;

4-s rpynma. CpeicTsa mapaMeTpHu3aIiig;

5-1 rpynna. OOBIYHOE KOAWPOBAHUE
Ta0JIML C TIOMOIIBIO TEKCTOBBIX PEAAKTO-
poB»'.

B pa6ote /1. C. llInmmruaa cpaBHIBa-
FOTCSI TPH cltoco0a MHTETPAIlA HAyYHOTO
MPOrPaMMHOTO OOECIICUEHHUSI C CHCTEMOMN
AutoCAD: Ha ocHOBe 0OOMeHa IaHHBIMH
B popmare DXF, COM-texHon0rus ¥ 1po-
rpammebd  nHTEpdetic APl ObjectARX
(AutoCAD Runtime Extension) [15]. Ile-
pEUHCIIEHHbIE TEXHOJIOTHH TaKXKE MOTYT
WCTIONB30BATHCS IS TIOJTYYEHHUS HCXOTHBIX
napaMeTpoB 00padaTsIBaeMOi AeTalH.

Kak nucan M. MecapoBuy, oquH u3
OCHOBareJel oOIIeil TeOpHUU CHUCTEM, «...
Kiaccu(UKaruo He CleayeT MOHWMATh

Kak CTpOroe pasJesieHue; OHa JIMIIb MOJ-
YEPKUBACT pa3luuus, HO OTHIOAb HE
UCKJIIOYAeT BO3MOXKHOCTH CYILECTBOBA-
HUSI CHCTEM, NPUHAUISKAIINX OXHOBpPE-
MEHHO K HECKOJIbKUM Kiiaccam»’. IT1o yT-
BEpIKJCHHE CIIPABEIUBO M JIJIsI METOJOB
pemenust 3aa4 B oomactu CAIIP.

[lostomy Bce wmeroabl mpeolOpaso-
BaHMS KOHCTPYKTOPCKOH HHGpOpManuu
JIOTUYHEE DPA3JENUTh B 3aBUCHUMOCTH OT
CTETIeHN YYacTHs YelIOBeKa Ha pyYHBIE,
AaBTOMATHYECKHE U aBTOMAaTHU3NPOBaHHEIE.
K pyunsIM MeTOIaM MOXKHO OTHECTH He-
MOCPEICTBEHHOE KOAWPOBAHUE TAOIHIL
napaMmeTpoB ¢ uepTexa uim ¢ 3D-mozenu.
IIpu 3TOM MOTYT HCIOJIB30BAThCS THAIIO-
roBeie cpenctBa CAIIP u crmennanpHBIC
UACHTU(UKATOPBI, KOJIBI WU SI3BIKU OTIH-
canus geraneil. Ilpum aBromarnyeckom
croco0e BeChb MPOLIECC W3BJICUCHHS HH-
¢dopMaMu TOMTHOCTBIO CKPBIT OT IOJIb-
30BaTelsl: MOTYT NPHUMEHSATBCS Kak Ma-
TEMaTU4YeCKHEe METOJbl PACTIO3HABAHUS
MIOBEPXHOCTEU 110 UCXOJHON T'€OMETPHH,
TaK ¥ JUHIBUCTUYECKUI aHAN3 BXOAHOM
nH(pOpMAaLNY, IPEICTABICHHOMN Ha CIICIH-
ANbHBIX S3bIKaX. [ M3BICUEHNS TaHHBIX
MOT'YT MCIOJIb30BaTbCd KaK OOMEHHBIE
¢dopmarel, Tak 1 COM-TeXHONIOTHS U pa3-
Horo poza API. OnHako, BcliecTBHE TOTO
YTO TEXHOJOTMUYECKUE 3aJlaul SBISIOTCS
TpyAHO(QOpPMaTH3yeMbIMH U MHOTOKPUTE-
pHaJIbHBIMHU, COBPEMEHHBIC METObI aBTO-
MAaTHUUYECKOTO PelIeHHs Io100HOro Kiacca
3ama4 He OOECTeYHBAIOT Oe3yIPEYHOTOo
pesynbrara. Iloatomy B CAIIP npeamnou-
TUTENbHEE HCIOJIb30BaTh aBTOMATHU3U-
POBaHHBIE CIIOCOOBI, KOTOPBIE COYETAIOT
B ce0e aBTOMaTHUECKUE METOIBI C UX PyU-
HBIM YTIPABJIECHUEM WM KOPPEKTHPOBKON
pesynbrara. [y 3Toro MoryT mpuMeHsTh-
Csl UHTEPAKTHBHBIE CPEJICTBA, C IIOMOIIIBIO
KOTOPBIX IOJIb30BATENIb MOXKET 3a/1aBaThb
HACTPOMKHM pacro3HaBaHUs WHPOPMALUU
WIN BBOAUTH BPYUHYIO YacThb MCXOAHBIX
apameTpoB.

! Kansikyaun C. FO. Cructema aBTOMaTn3HpOBAHHON KOHCTPYKTOPCKO-TEXHOIOTHIECKON TTapaMeTpH-
3alMU NPOLECCOB U3TOTOBIICHUS I€TAJICH TUIA TEJT BPAILCHUS: JIUC. ... KaH. TeX. HayK. M., 2016. 185 c.
2 MecapoBuu M., Mako JI., Takaxapa W. Teopust nepapXu4eCKMX MHOTOYPOBHEBBIX CHCTEM. M.:

Mup, 1973. 344 c.
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B coBpemennsix CAIIP Benymas poib
NPUHAIICKUT TBEPLOTEIBLHOMY MOJCIH-
poBaHuto. 3D-mMoznens MOXET conep:KaTbh
B ce0e HE TOJIbKO T€OMETPHUIO U3IEHs, HO
Y METaJ[aHHbIe, COCTAaB M3/EIUs, TEXHIYE-
ckue TpeOoBaHMS M aHHOTaUUH. [nist m3-
BieueHus nHpopmauu u3 3D-monenu no-
CTaTOYHO BBIJCIUTH JIBE IPYIIIbI METOJIOB!

— Ha OCHOBE aHaJIM3a OTKPBITHIX (op-
maroB CAD-cucreMm, B TOM 4ucje oOlie-
n3BeCTHBIX 00MeHHBIX (hopmaroB STEP,
IGES, DWG, DFX, STL, SAT, X Tur a.;

— Ha OCHOBE NMPUKIAAHBIX UHTEpdei-
coB APL

Hcnonp3oBanne (aiinoBeIx popMaToB
ABJSIETCS. MCTOPUYECKU IIEPBBIM CIIOCO-
0om nepenadu HH(GOPMAIMH MEXKIY KOM-
noHeHtamMu PLM-cpensl. HaumbGonbiee
pa3Butue nomyuus nportokon STEP, ko-
TOPBII M3HAYAIBHO MOAPA3yMEBAJICS Kak
MEXaHHU3M OOMEHa JaHHBIMH MEXIY pa3-
HBIMH 3TallaMM TOJAEPKKU KU3HEHHO-
rO [WKJA W3JENUs B paMKax KOHLEIIHH
CALS?. HeiiTpanbHbie (hOpMaThI SKCTIOP-
Ta/UMIopTa HanOoJiee aKTHBHO MCIIOJb-
3ytorcs TexHonornueckumu CAIIP, pado-
TaromuMi aBToHOMHO 0T CAD-cucrtem.
Ho y atoro meTona ecth CylecTBEHHbBIN
HEIOCTaTOK — 3TO TOTEeps TOYHOCTHU IPH
nepenade reoMeTpuueckor  HH(popma-
LMY, €CIIU MporpaMMa-IpUEeMHUK U TIpo-
rpaMMa-UCTOYHHUK pabOoTalOT Ha Pa3HbIX
MaTeMaTHYecKUX sapax. OTa mnpobdiema
SIBIISIETCST 0COOCHHO KpuTuaHOU 1t CAM-
CHCTEM, MaTeMaTHIeCKUe 3a/1a91 KOTOPBIX
npuBszaHbl K reomerpun 3D-mozxenu. Ho
€CIIU J1ake paccMaTpHUBaTh Nepesiady ToJb-
KO HEreOMETPHYECKHUX IapaMeTpoB, TO
koMmMepueckue CAIIP no mpuuuHe cBoei

3aKPBITOCTU HE TO3BOJISIIOT U 3TO JENaTh
B 1ostHOW Mepe. Hampumep, Takue pacripo-
crpanenHsle B Poccun CAD-cuctemsl, kak
SolidWorks 1 KOMITAC-3D, e 3kcmop-
TUPYIOT B step-(aiisl TeXHOJIOInIEeCKHE Ia-
paMeTphl JeTali, XOTs COOTBETCTBYIOIIHE
cnenudukanmu B crangapre STEP naBHO
npeaycMoTpenblt. Takum 00Opasom, wuc-
MOJTh30BaHNe OOMEHHBIX (DOPMATOB BIIEYET
3a co0OH MOTEPI0 HE TOIBKO TeOMeTprye-
CKOIl TOYHOCTH, HO M OOJIbIICH YacTH WH-
>KEHEPHBIX MTAPaMETPOB.

Paccmorpum HekoTOpBIE PabOTHI, CBSI-
3aHHBIE C aHAJIM30M HEUTpabHBIX (op-
MaroB.

Hampumep, B mucceprarnuu O. B. Mu-
THHA, BBITIOJIHSICTCS Py4HOM pa3dop daiiaa
snpa Parasolid B ¢opmare xmt txt ¢ 1e-
JbI0  (POPMUPOBAHUSI OOIIETO OIUCAHHUS
JISTaIli, ONpPEACICHUs OPUEHTAIUU U TI0-
JIOKEHUS TIOBEPXHOCTEH [T 3a]1a49H aBTO-
MaTU9YEeCKOTO BBIOOpA TEXHOJOTHUYECKUX
6a3° [16; 17]. Ho mipu 5TOM He MTPHUBEICHBI
HU QJITOPUTM aBTOMAaTHUYECKOTO pazbopa
¢dopmara xmt_txt, HI €ro HMporpaMMHas
peanmzaius. Pe3ynbrarhl, IOTy4YeHHBIE
B OTOW paboTe, SIBISIOTCS COMHHUTEIh-
HBIMU UTSI TIPAKTHYECKOTO TPHUMEHEHHUS,
MMOCKOJIPKY HE HW3BECTHBI CaMOCTOSITEIIb-
HbIe PabOThI aBTOpa B 4acTH Pa3pabOTKH
WHTETPUPOBAHHOTO MPOrPaAaMMHOTO 00ecC-
neueHust B obmactu CAIIP. Mcroununkom
JAHHON palOoThI SBISETCA JUCCEPTAITHS
D. B. DrmeMenToBa, B KOTOPO# BBITOIHEH
aHAJIOTUYHBIN pa3dop daiina dxf ¢ menbro
YCTaHOBJICHUS] TEXHOJIOTUYCCKUX CBOMCTB
MOBEpXHOCTEH netamu’.

B nuccepramun A. B. ABepueHkoBa
MpeAyIaraeTcs Crocod aBTOMATHYECKOTO

3 Cynos E. B., Jlesun A. WU. Kounemnuust pazsuriss CALS-TeXHOIOTHIA B IPOMBIILICHHOCTH Poc-
cun // HALl CALS-texnonormii «[Ipuknansas goructukay. M., 2002. URL: http://cals.ru/sites/default/
files/downloads/mdocs/concept_ipi.pdf (mara obpamenus: 23.04.2019).

*1SO 10303-224. Industrial Automation Systems and Integration. Product Data Representation and
Exchange // Part 224: Application Protocol: Mechanical Product Definition for Process Planning Using
Machining Features. Geneva, Switzerland: International Organization for Standardization (ISO), 2006.
URL:https://www.iso.org/standard/36000.html (nara obpamienus: 23.04.2019).

S MutuH J. B. ABToMaru3aiys BeIOOpa TEXHOIOTHYECKUX 0a3 KOPITyCHBIX JieTaliel Ha OCHOBE TPeX-
MEpHBIX MOZIENIEH: TUC. ... KaHA. TeX. Hayk. M., 2005. 192 c.

¢ JnementoB M. B. YcraHOBICHHE TOYHOCTH IOKa3areseil MPOCTPAHCTBEHHBIX TEXHOJIOTHYECKUX
pa3MepHBIX CBs3eil IPH MPOSKTHPOBAHUM TEXHOJOTHYECKHX IPOLECCOB MEXaHHYECKOH 00paboTKH:

JIUC. ... KaHJ. Tex. Hayk. M., 2001. 192 c.
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pacno3naBanusi KTO nHa ocHoe 3D-mo-
neneit u yeprexxe B popmare IGES’. Ha
OCHOBE JJAHHOT'O MEeToJa pa3paboTaH mpo-
TPaMMHBIN KOMIIUTEKC Ha si3b1ke JAVA?2, 110-
3Bossitonnid He3aBucumo ot CAD-cucre-
MBI TIPOU3BOJTUTD JIEKOMITO3UIIHIO YepTexka
u 3D-monenu Ha KTD ¢ nmocnenyronei me-
penadeil KOHCTPYKTOPCKOM HHGOpMauu
B CAIIP TII «TexnolIpo». IIpennaraempiii
METOZ TIOAXOAUT TOJBKO Ul TEJ Bpalle-
HUS, a pacro3HaBaHUE KOHCTPYKTOPCKUX
0o0o03Ha4eHni  (aHHOTAIMH) BO3MOXKHO
TONBKO 10 yepTrexkam B popmare IGES.

B paboTe MHOCTpaHHBIX KOJJIET OIH-
CBIBAETCSl CUCTEMa aBTOMATHYECKOTO U3-
BJICYCHUSI '€OMETPUUYECKON M Hereome-
TpuUdecko WMH(pOpMAIMKM W3 YEpTEKeH,
npeactaBieHHbIX B Gpopmatax DXF wmn
IGES [12]. lna pacno3HaBaHusi mapa-
METPOB pa3MEpHbIX 0003HauYeHUH (Iu-
HEHHBIX, JUaMETPaIbHbIX, PAIHATBHBIX
U YIJIOBBIX), IOIYCKOB M yCTaHOBJICHUS
WX CBSA3M C T€OMETPUUYECKUMH OOBEKTa-
MU YepTeka HCIONb3YIOTCS 3BpUCTHYE-
CKHe npaBuia. TeKCTOBbIE BHIHOCKH WH-
TEPIPETUPYIOTCA METOIaMu 00paboTKU
€CTECTBEHHOI'O SI3bIKa C HCIHOJIb30BAHU-
€M KOHEYHBIX aBTOMaroB. Pacrno3nan-
Hasi nHpopMaIHs NPEACTaBlIcHa B BHJIE
uepapxuum OOBEKTHO-OPUEHTUPOBAHHBIX
KJIaCCOB.

Mertons! Ha ocHoBe API moapazymena-
0T IOCTYH K BHYTPEHHUM BO3MOKHOCTSIM
6azoBoii CAD-cucremsl. JlocTynm kK HAM
MOXET OBITh pean30BaH KaK Ha OCHOBE
MakpocoB (Hanpumep, B KOMITIAC-3D
B KauecTBE SI3bIKa JJIs1 HAllMCaHUsI MakKpo-
coB ucnonb3yercs s3blk Python, B Solid-
Works — Basic, B8 AutoCAD — AutoLisp),
TaK ¥ Ha OCHOBE KOMITWJIMPYEMBIX SI3bIKOB
Bbicokoro yposHsi (Pascal, C++ u T. 1.).
MexaHu3M J0CTyla TOXE MOXET OBITh
pasNN4HBIM: HalnpuMep, Ha OCHOBE 3KC-
noptHbix ¢yHkuui, COM, CORBA wm
NET. lns uarerpupoBanabix CAD/CAM-
CHCTEM, IIOCTPOCHHBIX Ha 0a3e eauHON
CAD-mnargopmbl, ucrosb3oBanue API
aBiseTcss HauOornee (PYyHKIMOHAIBHBIM

Y TIPOM3BOAUTENILHBIM CIIOCOOOM aHan3a
KOHCTpYKTOpcKoi Monenu. Hemocrarkamu
3TOr0 METOAA SIBJISIIOTCS CIIOXKHOCTBH HPO-
rpamvupoBanuss APl u HEoOXOmUMOCTH
MOCTOSIHHOTO corniacoBanus Bepcuii AP,
HCIOJIB3YEMBIX IPUKJIIAJHON TPOrpaMMON,
¢ BepcusiMu 0a3oBoit CAD-cucteMsl.

Ha mpakTuke pa3nuyHble METOIBI
oOMeHa wuHGpOpMaLMeH INeperuIeTaroTCs
MeXxay co0oil. MoryT HCHOIB30BATHCS
OTHOBPEMEHHO Kak OOMEHHbIE (popMarTsl,
tak u API 6azoBoii CAIIP (u naxe API
TEOMETPUUECKOTO sipa). Mexay 3TUMH
JIBYMsI TIOIXOAaMHU HET YETKOW IPaHHILIBL,
U UX CJEAyeT pacCMaTpHuBaTh TOJIBKO Kak
KpaiiHHE Cllydau B NPAKTHKE pa3pabOTKu
u uaTerpanuu CAIIP. Hanpumep, B ogHOM
u3 paboT 3apyOeKHBIX HCCIeoBaTenei
MPE/CTaBJICeHO TpOorpaMMHOE obecrede-
HHE, KOTOPOE JKCIIOPTHPYET HCXOTHYIO
TEOMETPUYECKYI0 MOJeNb  (CO3MaHHYIO
B moboit CAD-cucreme) u3 d¢opmara
STEP AP203 B daiin STEP AP224, no-
0aByIsIst K MCXOHOW T€OMETPHH TEXHOJIO-
ruyeckyto uHpopmanmio [13]. [lns storo
peaI30BaHO CYMTHIBAHUE BXOAHOTO (aii-
na B hopmare STEP AP203, u3Brieuenue
TEOMETPUM U IIEPEBOI €€ B CTPYKTYpY
JAHHBIX TeoMeTpUYeckoro sapa Para-
solid u Bu3yanmmzanus monenu Parasolid
Ha OJKpaHe KOMIbIOTEpa CpPEACTBAMHU
OpenGL. [Janee nonp3oBareib B AUAIOTO-
BOM PEXXHME 3aJ]acT CBOICTBA MaTepHaa,
TEOMETPUYECKUE U pa3MEpHbIE JOIYCKH,
[IIEPOXOBATOCTH MTOBEPXHOCTEH W ApPYyTHe
JIOTIOTHUTENbHYI0 HHpopMarmio. CTpyk-
Typa JaHHBIX JETajJd BMECTE C TEXHOJO-
THYECKOH HH(pOpMaUne 1 pacio3HaHHBI-
MH KOHCTPYKTOPCKO-TEXHOJIOTMYECKUMHU
2JIEMEHTaMU 3amuChIBaeTCs B (paiii B hop-
Mate AP224. Jlns mMmopTra W JKCIopTra
¢aiinoB STEP u untepnperanmn uadop-
manuonnor moxenu EXPRESS wucmomnb-
3yercst Oubnmoreka kimaccos C++ ROSE,
Uil TpeoOpa3oBaHusl CTPYKTypbl BRep
B Mojens AJaHHbIX Parasolid — ¢ymkmmm
API simpa Parasolid. Onnako nanHast cxe-
Ma UHTETPalliK HEe YCTPaHseT yuacTus 4e-

7 ABepueHKkoB A. B. ABromari3aius pacrno3HaBaHus 1 HICHTU(QUKALIMH KOHCTPYKTOPCKO-TEXHOIIO-
THYECKUX 2JIEMEHTOB JieTaneil B nuHTerpupoBaHHbix CAIIP: auc. ... kaua. Tex. Hayk. bpsHck, 2004. 260 c.
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JIOBEKa B MOATOTOBKE MCXOAHBIX JAHHBIX
U HE M30aBJIeT OT MOTEPU TOUHOCTH NPHU
nepenade reoMeTpUH yepe3 HeUTpanbHbIN
(dhopMaTr MeXIy CUCTEeMaMHt, pabOTarOIIH-
MU Ha Pa3HBIX MaTEMAaTHYECKUX SIpax.

AHanm3 TPUBEICHHBIX HCTOYHHUKOB
MOKA3bIBAET, YTO B HHUX HCIOJIB3YIOTCS
pa3IuyuHbIC MOAETH JAHHBIX U IpOMe-
JKYTOUHOTO MPEACTAaBJICHUS IapaMeTPOB
JeTaId, HO IIPY 3TOM HE 00paIaeTcst BHU-
MaHHe Ha TO OOCTOSTENHCTBO, YTO Tapa-
METPBI MOTYT OBITh MOTYyYEHBI U3 PA3HBIX
HCTOYHHUKOB, CBSI3aHHBIX C KOHCTPYKTOp-
CKOMl MOZeNbIo, U MOTEHUUAIbHO MOTYT
IyOnMpoBath Ipyr Apyra, co3aaBas H30bl-
TOYHOCTb ¥ IPOTHBOPEUMBOCTD UCXOIHON
MHPOPMAITUH.

Marepuaibl 1 MeTOAbI

B oanoii u3 npeapaynmx padboT aBTo-
POM BIEPBBIE ObLI NPEIIOKEH MOAXON IS
MOCTPOCHUS TOJACUCTEMBI KOHCTPYKTOP-
CKO-TE€XHOJIOTHYECKOM  MapaMeTpu3aluu
B KOHTEKCTE 3a/1a4, perIaeMbIX I0JIb30Ba-
TENISIMH B TIPOIIECCE MOJCITHPOBAHHS 00-
padotku B CAM-cucreme [7]. B pamkax
JAHHOTO MOAXOJa IOJICHCTEMa TEXHOJIO-
THYECKOW MapaMeTpu3alyd pPaccMaTpH-
BAETCsl KaK MepapXUuecKas CUCTEMa, 3JIe-
MEHTaM{ KOTOPOH SIBIISIOTCS MTapaMeTphbl,
CTPYKTYpPHO OpraHM30BaHHbIE Ha TSATH
YPOBHSIX OAYMHEHHOCTH!

— mapaMeTpsl oOpabarbiBaeMoil Je-
Tanu;

— o0mue TmapaMeTpsl IIaHa ofpa-
00TKH;

— TmapaMeTpsl
MIepPEXOJIOB;

— mapaMeTpbl KOHCTPYKTOPCKO-TEX-
HOJIOTHYECKHX 3JICMEHTOB;

— mapaMmeTpbl MHCTPYKLUUH yNpas-
JSAIOLEN NPOrpamMMBl.

Takoe pazzeneHue MapamMeTpoB Co-
OTBETCTBYET peaJbHON CTPYKType TeX-
HOJIOTHUECKOTO IpolLecca U MOAYJIbLHOMY
npuHOUIY 0OpaOOTKM MOBEPXHOCTEH Ha
crankax ¢ YITV.

Ha camoM BepxHem ypoBHE wuepap-
XUHM HaXOJATCSl KOHCTPYKTOPCKHE TMapa-
METpBl JeTalH, KOTOpbIe NOCTYIHBI IS
UCIIONIb30BAaHMsI Ha BCEX HIKHUX YPOB-

WHCTPYMCHTAJBHBIX

Computer science, computer engineering and management

HSIX, B YaCTHOCTH, JUISl pacdyeTa peKUMOB
pe3aHusi, NPOrpaMMHUPOBAHHS Iapame-
TPU30BAHHBIX TPACKTOPHUH, pa3pabOTKu
nocrnpoueccopos. Joctyn k napamerpam
JIETaJId B COCTaBE MaTeMaTHYECKUX BBIpa-
JKeHHH peanmsyercs MOCPEJICTBOM CHH-
Takcuueckol KoHcTpyKuun MODEL.uma
napamempa. B ol0mem ciydae K HCXOJ-
HBIM ITapaMeTpaM JETaal MOKHO OTHECTH
MeTaganabie 3D-Momenn (HanMeHOBaHHE,
o0003HavYeHne, Macca IeTald U T. 1), CBOH-
CTBa Marepuaya, mapaMeTpbl aHHOTAIUH
3D-Mozenu, mapaMeTpuuecKre MnepeMeH-
Hele 3D-Monenu.

Kak npaBuiio, 3TH JaHHBIE HECTPYK-
TYpPUPOBaHbI, a MapaMeTpbl AETald MO-
ryT nybmupoBatrs apyr apyra. Hampuwmep,
TBEPJOCTh Marepuana MOXET IMPHCYTCT-
BOBaTh KaK B CBOMCTBAaxX Marepuaia, Tak
U B TEXHUYECKUX TpeOoBaHUsX. B pasHbIx
MECTax TBEPAOCTb MOXKET ObITh yKa3aHa
kak B emuanIax HRC, Tak m HB. I1pn sTom
KOHCTPYKTOP WJIM TEXHOJOT MOTYT JIO-
MOJTHUTENBHO CO3/[aTh MapaMeTpudecKue
NepeMEHHbIE, COBMAJAIOIINE C MMEHaMHU
Ipyrux mapamerpoB. [loatomy B nepByto
odepeab HeoOX0IUMO pa3padoTaTh HENpo-
TUBOPEUUBYI0 MOJENb JIaHHBIX, KOTOpas
JIOJDKHA OIHUCATh JIOTUYECKYIO CTPYKTYpPY
napaMeTpoB JIeTaln, 00ECIeYUTh 1IEI0CT-
HOCTb U YCTPaHHUTh H30BITOYHOCTH HH-
(hopmarum.

B ocHoBe Teopernueckux HcCCIEHO-
BaHMH Jexar (opMaibHas Teopusl Hpes-
CTaBJIEHUS] U 0OOPAOOTKU JaHHBIX, TEOPHS
MHOXECTB, TEOPHUS HEPAPXUUECKUX MHO-
TOypOBHEBBIX cucTeM. s rpaduuecko-
ro OTOOpaKCHUsI NPOLECCOB IEpeaAadn
1 00paboTKH MH(OPMAITUN HCTIONb30Ba-
nack meronosiorusi IDEFOQ. ITporpammuas
peamm3arsi CAM-CUCTEMBI BBITIOTHCHA
B cpene Visual Studio C++ ¢ ucmonb3o-
BaHMEM NporpaMMHBIX uHTepdeiicoB API
KOMITIAC-3D u API reomerpHyecKkoro
snapa C3D. TectupoBaHue BBITOIHSIOCH
B cpene KOMITAC-3D V18.1.

Pe3yabTaThl Hcc/Ie10BAHUA

Hdnst  MoxmenupoBaHust 00pabOTKH
B CAM-cucreme B KauecTBE HCTOYHMKA
KOHCTPYKTOPCKOH HH(pOpManuy paccma-
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TpuBaercs 3D-monens aeranu. C 3Toif Tou-
KU 3PEHUS1, UCTIONB3Ys TEOPUIO MHOXKECTB,
KOHCTPYKTOPCKYI0 ~ 3D-Mozens  MOXKHO
TIPEIICTABUTH CIICTYTOIIEH (hOPMYITOi:

Model =< P, ,P. >,

Attr > © Geom

(1)
rae P, — MHOXECTBO aTpuOyTHBHBIX (He-
reOMEeTPUYECKUX) MapameTpos; P,
MHOKECTBO TEOMETPUIECKHX MTapaMETPOB
(K KOTOPBIM, B YaCTHOCTH, OTHOCSITCS TTa-
paMeTphsl  KOHCTPYKTOPCKO-TEXHOJIOTHYE-
CKHX 2JICMCHTOB).

Pacrio3HaBaHne KOHCTPYKTOPCKO-TEX-
HOJIOTHYECKUX DJIEMEHTOB M H3BIICUCHHE
MX YUCIOBBIX TapaMeTpoB u3 3D-momenn
B HACTOsAIIIEH paboTe He pacCMaTPUBAIOTCS
(9TO Tema OTAeBHOM myOnukarun). Here-
OMETPHUECKUE TapaMeTpbl MPEACTABUM
B BUJIC KOPTEXA YCTBIPEX YIIOPSIOUCHHBIX
MHOKECTB:

p,=<P, P, PP

Anr Meta’ = D&T’ = Ml = (2)
rne P, — MHOKECTBO MapaMeTPHIECKUX
nepeMensusix 3D-momenw; P,,, — MHO-
’KeCTBO MeTafaHHbIX 3D-monenu; P, —
MHOXXECTBO  IIapaMeTpOB  aHHOTALU
(pa3Mmepbl, OMYCKH, HMIEPOXOBAaTOCTH I10-
BepxHocTel, o6o3Hauenne D&T ot aHr.
dimensions and tolerances); P,,,, — cBOii-
cTBa Marepuana (TBEpAOCTb, MOKa3aTeIn
00pabarbIBa€MOCTH).

Bce napamMeTps! JOJKHBI UMETh €11U-
HOE OIIMCAaHME, JOIYCKAIOLIee UX XpaHe-
HHE KaK BO BHYTPEHHEM IIPEACTaBICHUU

CAM-cuctemMbl, Tak W MpH HEOOXOIH-
MOCTH BO BHeEIIHEeH Oa3ze maHHBIX. J[is
CTPYKTYPUPOBaHHs TapaMETPOB JETajH
WCTIONB3YeTCs PETSIMOHHas MOJIeNh JTaH-
HBIX, Tpaduyecku npencTaBiIcHHas B Ta0-
qmre 1.

Jis  ofHO3HAYHOW HJICHTU(DUKAITUH
napaMmerpa MPUMEHSETCS €ro yHHUKalb-
Hoe umMms. [lapamerp MOXeT NPUHUMATH
00 YHMCIIOBOE, JIMOO TEKCTOBOE 3HAYE-
HUe. BOJBIIMHCTBO MapamMeTpoB  SIBIIS-
IOTCS YHUCTIOBHIMU (OHH MOTYT BXOJIUTH
B cocTaB MareMarmieckux ¢opmyi). Ho
JIeTalb MOXET COAEpXkaTb U TEKCTOBBIC
JTaHHBIE, HAl[pUMEpP, HANMEHOBaHHE JIeTa-
i, o0o3HAaueHHE MaTepuana, (amIInio
pa3paboTarKa, KOTOphIE HEOOXOAMMBI JIST
nepeadd B YIPABISIONIYIO MPOTPaAMMY
B KaueCTBE COIPOBOAUTEIBLHOW HHGOP-
Manuu. YucnoBble U TEKCTOBBIE 3HAUYCHUS
rmapamMeTpa pa3MeIleHbl B Pa3HBIX MOJISX
Tabmumpl. Torma mpuUHUMAaETCS Clemyro-
asi cCXeMa OTHOIIICHHUS

P = R(Name, Value, Text,

Type, Comment), 3)
e Name — yHUKaJIbHOE UM ITapaMeTpa,
KOTOpPOE SIBJISIETCSl OJTHOBPEMEHHO M TIep-
BUYHBIM KIIOUOM ISl WACHTH(UKAIUU
CTpOKHM TabnuLbl; Value conepXuT 3Have-
Hue mapamerpa tuna double; Text — cTpo-
Ky C TEKCTOBBIM 3HAUCHHEM I1apamMeTpa,
Type — tun mapamerpa (d — 4ucio, s —
ctpoka); Comment — KOMMEHTapH K Ta-
pamMerpy.

Tabnunal
Tablel

Pensiunonnas popma npeacrapiieHus HapaMeTpoB AeTaIN
Relational form of the representation of the detail parameters

Wwms (xrou) / Name (key) 3H§Z§ﬁge/ Tekcr / Text ]]:gge/ Kommenrapwmii / Comment
HaumenoBanue / Name 0 Drnanen S HaMMIe\IHOBaH“e neran /
ame of part
Marepuain / Material 0 Cranb 20X S Marepnain / Material
Macca ngeranu, Kr/
Macca / Mass 5,73 d Mass of part, kg
. ITotHOCTH Marepuaia, r/cm’/
[TnotHOCTH / Density 7,83 d Density of material, g/sm’
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Hexoropble mapameTpbl MOTYT OBITH
CBSI3aHbl C JOTOJIHUTEIBHBIMH CTPYKTY-
paMu JaHHBIX, HallpuMep, pa3Mepbl MO-
IyT COIEp)KaTb JOIYCK U IIPEAEIbHbIC
OTKJIOHEHUS. [|OTOTHHUTENbHBIE CTPYKTY-
PBI JAaHHBIX 1IeTIECO00pa3HO XPaHUTh B OT-
JIEJIbHBIX OTHOIIEHUSX, CBA3bIBAs UX C Ta-
Onuuel mapaMeTpoB AeTall HOCPEACTBOM
BHEIIHUX KITFOUCH.

Wndopmanus o geranu H3BIEKAeTCs
W3 pa3HbIX HCTOYHHUKOB, CBA3aHHBIX ¢ 3D-
Moeibio. JIist UCKITIOUeHHsT U30BITOYHO-
CTH JIaHHBIX YCTAHOBJIEHBI CJEIYIOLINE
MIPUOPHUTETHI (B MOPSIIKE UX YMECHBIICHHS)
JUISl TIATH MCTOYHUKOB MH(OpMaLuu: ma-
pameTpudeckue nepemeHHsle 3D-monenu,
MeTaJlaHHble, AaHHOTALMH, CIIPABOYHUK
MarepuanoB, TEXHHYECKHE TPEOOBAHMSI.
Ha pucynke 1 npuBenena nociaenoBarens-
HOCTb CUMTBIBAaHMS IApaMETPOB JACTaU
B NOPSJIKE YMEHBLICHUS NMPHOPUTETA MX
UCTOYHUKOB. [yl MCKIrOYeHus: IyOmnu-
poBaHus MHPOPMAIMH MapaMeTp 100aB-
JIIeTCSL B CHHMCOK TOJBKO B TOM CIy4ae,
€CJIM B CIHCKE HET MapaMeTpa ¢ TaKUM
ke uMeHeM. Jo0oH mnapamerp MOXKeT
OBbITH BPYYHYIO IIEPEOIPEACICH I0Jb30-
BareleM CAD/CAM-CHUCTEMBI ITyTEM CO-
3/1aHUsI OJIHOMMEHHOW MapaMeTpUuecKon
nepemenHol 3D-monenu, Onaropaps uemy
oOecrieunBaeTcsi BO3MOXXHOCTb PYYHOTO
YIPaBJIEHUS COCTAaBOM I1apaMeTPOB.

Crioco0 momydeHust KOHCTPYKTOP-
CKUX IapaMeTpoB JETajld Ha OCHOBE
API mporpamMmHO peann3oBaH B COCTaBe
kommepueckoit CAM-CUCTEMBI s TJ1aT-
¢dopmer KOMITAC-3D. C o6mum onuca-
HUEM (QYHKIHMOHAJIBHBIX BO3MOXKHOCTEH
monyneir CAM-cuctembl U IpUMEpaMu
UX HCHOJIBb30BaHUS MOXHO O3HAKOMHTb-
cs mo ccbuikam B MHTtepHere®, a Takxke
B peKJIaMHBIX myOnmukanusix [18-21].
CAM-cucrtema HMHTErpHpoBaHa B pPaldo-
yyto cpeny KOMITAC-3D no npunnuny
OJHOTO OKHa C MCIIOJIb30BAaHUEM 3JIe-

MEHTOB I0JIb30BaTEIbCKOTO HHTEpdeiica
CAD-cucremsr (puc. 2). Accouuarus-
HOCTh TPAaeKTOpHI 0OecrieunBaeT aBToMa-
TUYECKYIO aKTyaTH3alHIio YIIPaBISIOMEH
rporpammsl s cradka ¢ UITY mpu n3me-
HEHUM Pa3MEPOB HJIU TOJIOKEHUS OTOp-
HBIX OOBEKTOB 00pabarhiBaeMOil JeTanu
[22]. MaTerpanus Ha ypoBHE uHTEpQeiica
MOJTb30BATENsl BBHIMIOJIHEHA C TTOMOIIBIO
API KOMIIAC-3D, Ha ypoBHE T€OMETPH-
YeCKMX pacdyeToB nocpeacTsom API mare-
Matuueckoro sigpa C3D [23].

[lepen Hadanom MopenMpoOBaHUS 00-
pabOTKH TEXHOJIOT JOJDKEH MOCTAaBUTh Ha
3D-Monenb KaKk MUHUMYM OJHY JIOKaJlb-
Hyto cuctemy koopauHar (JICK), 3amato-
IIyI0 HOJb JETalli W HalpaBlieHHE OCei
cranka. Jlanee nmopsmok paboThI MOIB30Ba-
Tenst B paccMarpuBaemoii CAM-cucreme
BKITIOYAET B ce0s CIICAYIONIHNE ICHCTBUS:

— Bo10op JICK u cucremsr UIIY (mo-
CTIIpOIIeccopa), 3aJaHue 3aroTOBKH, (op-
MHUpPOBaHHE TAOIUIIbI HHCTPYMEHTOB, BbI-
00p MPUCTIOCOOIICHNU;

— (opMHpOBaHHE TIOCIEAOBATEIILHO-
CTH MHCTPYMEHTAJBHBIX TepexooB (Tuia-
Ha o0pabotkm). s Kakaoro mepexoma
TEXHOJIOT JTOJDKEH 3aJaTh o0iacTh obpa-
00TKH, BBIOpaTh WHCTPYMEHT, HACTpPO-
UTh TAPaMETPbl TPACKTOPUH, HA3HAYUTH
pexkuMbl pe3anus. Ha nmanHOM 3tane
MHUIATU3UPYIOTCS TTapaMeTPhl UHCTPY-
MEHTAIIFHBIX TIEPEXOI0B W TapaMeTphI
KOHCTPYKTOPCKO-TEXHOJIOTHIECKUX  dIIe-
MEHTOB;

— noctipolieccupoBanue. Ha nanHom
JTane B MPOIECCEe CO3JMaHMs YIPABIISIO-
mei [porpaMMbl  MHUIHATU3UPYOTCS
rmapaMeTpbl TISITOTO YPOBHS HEPApXUH TIe-
peMeHHBIX (TTapaMeTpsl HHCTPYKIHH Y1)
W CO3[aeTcs YMpaBisionas IMporpamma
B komax cucteMsl UITY;

— Bu3yanu3anus o0pabOTKH, B XOJe
KOTOPOU TEXHOJIOT MOXKET IPOBEPHUTH Tpa-
EKTOPHIO TIEPEMEIICHUS HHCTPYMEHTOB,

8 Kommac-3D: Monyas UITY. Tokapuas o6paborka [Dnexrponnsiii pecypc]. URL: https://kompas.
ru/kompas-3d/application/machinery/module-chpu; Kommac-3D: Moayns UITY. @pesepHast obpaboTka
[Onexrponnsiii pecypc]. URL https://kompas.ru/kompas-3d/application/machinery/module-chpu-fo; Mo-
nyne UITY. @pesepHast 06padoTka [Inekrponnsiid pecype]. URL: https://www.youtube.com/watch?v=NI-

FHS8yjyNU (nara obparenus: 23.04.2019).
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Fig. 2. Modeling milling in KOMPAS-3D

OOHApY)KUTh CTOJKHOBEHHS WHCTPYMEH-
TOB C TIPUCTIOCOOICHUSIMHE, BPE3aHUS B 3a-
TOTOBKY Ha YCKOPEHHOM Iojaue.

Pesynsrarom paborei CAM-cucteMsr
SIBIISICTCSL yTPABIISIONIAs TPOrpaMma, Ko-
TOpasi 3alKChIBACTCS TEXHOJIOIOM B OT-
JIEIbHBIA TEKCTOBBIA (paiiin u mepenaercs
oneparopy cranka ¢ UITVY.

OO6paboTka meTayii BO3MOXHA C FC-
TMOJIb30BAHMEM HECKOJIBKHX IUIAHOB 00pa-
0OoTKM (HampuMep, Ha HECKOJBKUX CTaH-
kax). [ToaToMy TexHOIOraM peKOMEH TyeTC s
paboTaTh HE HaNpPSAMYIO C MOZAEIHIO KOH-
CTPYKTOpa, a C €€ acCOIMAaTHBHOM KOITH-
eit (puc. 3). [Ipuuem i KaXa0ro IIaHa
00pabOTKH PEKOMEH]IyeTCsI UCIIOJIb30BaTh
OT/CIbHYIO KOIHIO KOHCTPYKTOPCKOM MO-
nenu. B aTom ciydae TexHouor, pabotas co
CBOEH MOJIeNblo, He Oy/IeT HarpyXarh Hc-
XOITHYIO KOHCTPYKTOPCKYIO MOJIENTh BCIIO-
MOTaTe/IbHBIMU MIOCTPOCHUSIME U 3aTparu-
BaTh chepy JACATSIbHOCTH KOHCTPYKTOPA.

Crioco0 B3aMMOJICHCTBUSI TEXHOJIOTa
C KOHCTPYKTOPOM Yepe3 acCOIMaTUBHYIO
kornio 3D-Mofen MOXKHO HCIOJIBh30BaTh
TIpH paboTe KaK B paMKax €IHMHOTO HHDOP-
MAaI[MOHHOT'O MPOCTPAHCTBA MPOMBIIILICH-
HOTO TIPSANPHUITHS, TaK U B PaMKax y4eo-

HO-Hay4YHOT'O BUPTYaJIbHOTO NPEIIPHUITUS
(YHBII) B By3e [24].

Co3manue  accOIMaTUBHOW  KOMHHU
B KOMIIAC-3D 3anuMaeT y TEXHOIIOTa
MHUHAMYM BpPEMEHH: Ul 3TOr0 OH JOJ-
JKEH OTKPBITH HOBBIM TOKYMEHT, BBI3BaTh
komanny KOMIIAC-3D  «Konupoars
0OBEKTB» U yKaszaTb Ha MCXOOHOHW Moje-
71 O0BEKTHI JIJIsl KOMMPOBaHus. TexHoor
MOXET HCIIOJIb30BaTh ACCOIMATUBHYIO
KOITUIO MOJICIH JIFOOBIM CIIOCOOOM: YIIPO-
CTUTh €€, CO3AaTh IOIOJHUTEIbHBIEC MO-
CTpOEHUsI, 10OABUTh COOCTBEHHBIC aHHO-
TalMy ¥ NapaMeTpUyYecKue IepeMeHHbIE.
Ecmu  KoHCTpyKTOp BHECET HW3MEHEHUS
B CBOIO MO/JI€JIb, TO NEPECTPOUTCS U ac-
COLIMATHBHAS KOMHS y TEXHOJIOTa, & BME-
CTe€ C HEH M TPACKTOpUH OOpabOTKH st
cranka ¢ YIIY. Yepes komanny «Komupo-
BaTh OOBEKTBI» B ACCOLMATUBHYIO KOIIHIO
HACIIEyeTCs TOJNBKO TEOMETPHS IeTajH.
st ycTaHOBIIGHHSI CBSI3U C TIEPEMEHHBI-
MU W aQHHOTAIMSMH MCXOJHOW MOJEIN
TEXHOJIOT MOXKET CO371aTh BHYTPU CBOEH
ACCOLIMATUBHON KOIMHM COOCTBEHHBIE Ia-
paMeTpUyYecKue MEepeMEHHbIE, COIepXKa-
IIMEe CChUIKM Ha TIEpEeMEHHBIC U aHHOTa-
M MOJICJIN-UCTOYHHKA.
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Fig. 3. Diagram of the process of transferring part parameters
from the design model to the CAM system

[TpuHIHITEI GYHKIMOHUPOBAHUS MO
CHUCTEMBI KOHCTPYKTOPCKO-TEXHOJIOTHYE-
CKOW TlapaMeTpH3allid, €€ apXHUTEKTypa,
UML-auarpaMmma uepapxu  KJIaccoB,
0TOOpaXkaroluX YPOBHU IapaMeTPOB
CAM-cucrteMbl, MOAPOOHO OMKCAHBI
B OIIHOW M3 Hamwmx pabor [7]. B manHO#
CTarbe JIETAJIM3UPYETCsS TPOIecC CUH-
TBIBAaHUS IMapaMeTpoB oOpabaThIBacMOM

356

3D-monmenu (HavaJbHBIA 3Tanm  paboTHI
TTOJICHCTEMBI ).

Tabmuia mapamMeTpoB ONMCHIBACT-
ca xmaccom DETAIL PARAMETERS
(puc. 4). Knacc DETAIL_ PARAMETERS
SBJISIETCSI TIPOM3BOJHBIM OT aOCTpPaKTHO-
ro knacca PARAMETERS, kotoperii co-
JIEPKUT JIaHHBIE W METOAbI, OOIIHMe JUIs
BCEX YpOBHEH WepapXxwyd TapaMeTpOB
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-latruct Parameter
{
~Parameter({) |
_batr t sName; //
double Value; //
_batr t aText; //
char type: I
_batr t aNote; //
RefParameters* pRef; //

HMMA NapaMeTpa

TERCTCECE 3IHAaYEeHHe
THNO NapaMeTpa

¥Ka3JaTenb Ha

bi

—latruct DETAIL FPRARAMETERS
{

~DETATL_PARRMETERS () ;
_batr t sMaterial;
FILETIME timeCcpyv:
Thrray<Parameter*> ME;
double* GetParameter({ char#* 3 };
char* GetParsmeterS( char* 3 );

if{ pRef ) delete pRef; }

HMCIOBCS 3JHAHECHWE OapaMeTpa

napaMeTpa

KOMMEHTApPMII ¥ NapaMeTpy

CIPYRTYDY OONONMHWTENbHHK [NapaMeETpOB

: public PRRAMETERS

J/ OMHEMMYUeCKMH COMCOX napaMerpoE 3D-Momemd

bocl BeadMedelParametera{ boel isSM )i
kool GetMaterial({ IPart7Ptrs pPart? )

P u c. 4. CTpyKTypbl JAaHHBIX JUIS OMMCAHUS TAOJHIBI TTAPAMETPOB
F i g. 4. Data structures for describing the parameters table

CAM-cuctempl, B TOM YHCIE CPEACTBa
JUIST CHHTAKCUYECKOTO aHan3a M BhIUU-
cieHus Maremarndeckux (opmyn. Kiace
DETAIL PARAMETERS wunkancynupy-
eT AMHamMuveckuil cncok MP ykazarenei
Ha DK3EMIULAPBI [IapaMeTPOB.

DopMyIIbl, CBA3BIBAIOLIUE TAPAMETPU-
YecKHe MEepEeMEHHbIE, MOTYT COAEP)KaTb
anreOpandecKkue W TPUTOHOMETPUYECKHE
(hyHKIIMHM, TOTHYECKUE OTIepaIlii U CKOO-
Kki. B pesynbrare JIEKCHYecKoro aHaim3a
pacro3HaroTCs MOCIeI0BaTeNIbHOCTH CUM-
BOJIOB (JIEKCEMBI), KOTOPBIC MOTCHIHAIb-
HO MOT'YT SIBJIATHCSl UMCHAMU NTApaMETPOB.
i ToMydYeHus YHCIOBOTO 3HAYCHHS

—ldouble* DETAIL PARAMETERS::GetParameter(
{
if{
{

::strstr{ s, "MOLDEL." ) )
for{ int i=0; i<MP.Count{):; i++ )
if{ MP[i]->type = 'd" )
if{ !'strcmp{ 3+6&, ({(char*)
else if({ MP[i]->pRef )

{ 1f( double* p = MPF[i]->pRef->GetParameter({ s+& )

}
return NULL;

napaMmerpa HCIOJb3YyeTCs BHPTYyabHAs
¢ynknus GetParameter GasoBoro kiac-
ca, KOTOpasi Iepeonpenesnsiercs B Ipo-
u3BOAHBIX Kijaccax. Merogq DETAIL
PARAMETERS::GetParameter (puc. 5)
NPUHUMAET Ha BXOJ[ JICKCEMY U BO3Bpallia-
€T aJpec COOTBETCTBYIOILIEH MEPEMEHHOMN
tuna double. Mcnonk3oBanue ykazateneit
Ha TIepEeMEHHbIE 00ecHeYnBaeT IMOyyde-
HUE aKTyallbHBIX 3HAYCHUH MapaMeTpOB.
HyneBoe 3HaueHwe ajgpeca o3Ha4YaeT, 4TO
napameTp o BXOJHOMY MMEHH HE OOHa-
pyXeH. AHaJOrMYHO pPabOTaeT W METOo[
DETAIL PARAMETERS::GetParameterStr,
BO3BpalLasl aJpec NepBOro CUMBOJIA CTPO-

char* 3 )

(ME[i]->sName) )} ) return sMP[i]->Value;

) return p; }

P u c. 5. DyHKUMS MOJIYYCHHS YUCIOBOIO 3HAYCHHUS TTapaMeTpa
Fig. 5. Function for getting the numeric value of a parameter
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KM, €CIIM TIapaMeTp COJAEPKHUT TEKCTOBOE
3HauEHHUeE.

Meton ReadModelParameters() xirac-
ca DETAIL PARAMETERS peamuzyer
cuMThIBaHUE TapameTpoB n3 3D-moxpenu
B TIOPSIZIKE MX NMPHOpUTETa OT HauOoJIbIlIe-
ro K HauMeHb1emy (puc. 1). CuutsiBanne
MapaMeTpPOB BBIOIHIETCS B MOMEHT CHH-
XPOHU3ALKUK BHYTPEHHUX AaHHbIX CAM-
cucteMsl ¢ 3D-mMonensro.

Chagana nocpenctsom API KOMITAC-3D
M3BJIEKAIOTCS MapaMeTpuiecKne repeMeH-
Hble. UTOOBI IepeMeHHbIe ObUTH TOCTYITHBI
i1 CAM-cHCTEMBI, OHM JIODKHBI OBITH
MIPEABAPUTEIEHO OOBSBICHBI CO CTATyCOM
«sHemHueY. [lepemennsie 3D-monenu Mo-
r'yT OBITh KaK T€OMETPUYECKUMH, TO €CTh
aCCOIIMAaTUBHO CBS3aHHBIMHU C KaKHMH-
0o oObekramu 3D-moxenu (Hampumep,
C aHHOTAIWSAMHU WM pa3MepaMH dCKU3a),
TaKk W HETEOMETPHUYECKUMH (Harpumep,
CBOICTBa Marepuayia). TBepmocTh Marte-
puana (HB wmun HRC), npenen npoynocTu
W WHBIE TIapaMeTpbl MOTYT OBITH 3a/IaHBI
KOHCTPYKTOPOM HJIM TEXHOJIOTOM Kak Ta-
paMeTpuYecKue IEPEeMEHHBIC  JICTaJH,
TOTJIa OHU OyAyT MMETh MPHOPUTET Ha
CBOWMCTBAMH Marepuaja, XpaHIIIUMHUCS
B CIIpaBOYHUKE MarepuaioB. [lapamerpsr
BBIBOAATCS Ha MaHenb napamerpoB CAM-
CHCTEMBI, YTOObI TOJIb30BaTEIb MOT BH-

JeTh, Kakue MapameTpbl JETald MOXKHO
INPUMEHHUTD B IAPAMETPUUCCKUX PACUETaX
(puc. 6).

Hanee ¢ momompio API KOMITAC-3D
CUUTBHIBAIOTCSI MET/IaHHBIC ¥ aHHOTAIIUU
3D-monmenu (puc. 7). MeragaHHblE W3-
BJIEKAIOTCS W3 CBOWCTB 3D-mokymenra,
napameTpbl aHHOTALMH — 13 0003HauYCHUI
pa3sMepoB U 1epoxoBarocteil. [Ipu moiny-
YEeHUHU IapaMeTpa ILepOXOBAaTOCTU pac-
MO3HAETCsl ee yClIoBHOE o0o3HaueHue Ra
nnu Rz. Pa3Mepsl paclo3HaKTCs BMeECTe
C MX MPEAEIbHBIMU OTKIOHEHUSIMH U JI0-
MyCKaMH. AHHOTALUH, 3HAYCHHUSI KOTOPBIX
IUIAHUPYETCS UCIIOJIB30BATh B TApaMETPH-
YEeCKHMX pacdeTax, JOJDKHBI ObITh MpenBa-
PUTENBLHO TIpOCcTaBiieHbl Ha 3D-Momeny.

Jnst  aBTOMarn4eckoro MONTydYeHHs
CBOHMCTB Marepuajia peaqu3oBaHa WHTETr-
pauunst CAM-nipusioskeHust ¢ OMOIMOTEKON
«Marepuasnel 1 CopTaMeHTBD) CHCTEMBbI
KOMIIAC-3D. M3 cnpaBoYHHKa aBTOMa-
TUYECKHU M3BJICKAIOTCS MPEJIeN IPOYHOCTH
o, MIla (SigmaV’), kooppuuuentsr oOpa-
OareiBaemoctu KVMet n Xmat (puc. 8),
tBepaoctb (HRC wmu HB).

Marepuan nopkeH OBITh TpenBapH-
TEJIbHO Ha3HAu4€H KOHCTPYKTOPOM JeTa-
M Wik TexHomoroM. [lpm oOpateHun
K CHPaBOYHHUKY TPOUCXOIUT €ro 3arpys-
Ka B MaMATh, U 9TO 3aHMMAET HEKOTOPOe

fl o
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Fig. 7. Extracting metadata and annotation parameters of a 3D model
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P u c. 8. V3Bneuenue CBOHCTB MaTepuasa U3 CIpaBOYHIKA MaTEpPHAIOB

F i g. 8. Extraction of material properties from the directory of materials

Bpems. IlosTomMy mpomecc CUMTHIBaHHS
CBOMCTB MarepHana W3 CIPABOYHHUKA 3a-
MyCKaeTCs TOJILKO B TOM CIly4ae, €CIIi U3-
MEHMJICSL MaTepHal C MOMEHTA MOCIeTHEH
3anucu 3D-Moen Ha TUCK KOMIIBIOTEPA.
O06o03HayeHne MaTepuana 1 BpeMs coxpa-
HeHus (aiina 3D-Moneny 3anOMUHAIOTCS
B nepeMeHHbIX sMaterial u time kiacca
DETAIL_PARAMETERS (puc. 4).
TeepmocTn Martepuansa COOTBETCT-
BytoT aBa napamerpa (HRC u HB). Ilpu
CUUTHIBAHUM OIHOTO M3 HUX BTOPOU ma-
paMeTp pPacCUYUTHIBACTCS aBTOMATHYECKH

Computer science, computer engineering and management

10 TaOJIMIe COOTBETCTBHUS MEXIY €IMHU-
namu mmepenuss HRC u HB, u B crimcoxk
napameTpoB J100aBISIOTCS cpaszy oba ma-
pamerpa. Hanmuue nByx mapaMeTpoB st
TBEPAOCTU TPEICTABISIET coO0i mpumep
KOHTPOJIHMPYEMOW M30BITOYHOCTH. UX of-
HOBPEMEHHOE NPHCYTCTBHUE B CITHCKE ITa-
paMeTpoB OOBSICHSETCSI TE€M, YTO pa3HbIC
METOIMKH pacdeTa PeXMMOB Pe3aHHs UC-
none3ytoT 1160 HRC, mubo HB (st Obic-
TPOPESKYIIMX WHCTPYMEHTAIBHBIX CTaleH
00b14HO ucnonb3yercst HB, s o0padorku
3akajieHHbIX cTtaneii — HRC, B karamorax
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COBPEMEHHBIX TBEPJOCIUIABHBIX HHCTPY-
MEHTOB OOBIYHO TPUBOAATCS (POPMYIIBI,
B cocTtaB KoTopbix Bxoaut HRC).

CripaBOYHHMK MareprasioB MOXKET CO-
JIep>KaTh CBOWMCTBAa Marepuaia Juis He-
CKOJIBKUX KOHTEKCTOB, CBSI3aHHBIX C COCTO-
SIHUEM TIOCTaBKH WIIM TEepPMOOOpabOoTKH,
YTO MOXKET SIBIITHCS IPUUMHON CeMaHTH-
YECKOW HECOIVIACOBAHHOCTH MapaMeTPOB
Marepuana. B jmaHHOM mporpaMMHOHN pe-
aJM3aIi  BBIOMPACTCSI KOHTEKCT, COOT-
BETCTBYIOLIMA MUHUMAalIbHOW TBEPIOCTH
MaTepuania.

WNmena mapamerpam (kpome Tiepe-
MeHHBIX 3D-Momenn) Ha3Ha4aroTCs aBTO-
MaTu4yecku. JINHEMHBIM pa3MepaM UMeHa
npucBauBaroTcs B popmare Li, rie i — mo-
PSAKOBBIA HOMEp JIMHEHHOIO pasMepa.
JocTyn K mpenenabHbIM OTKJIOHEHUSIM
pasMepoB U UX JIOMYyCKaM IOJIb30BATENb
MOJKET MOJYUYUTh MTOCPEICTBOM CHMBOJIOB
h (BepxHee OTKJIOHEHHE), [ (HIDKHEE OT-
KJIOHEHHe) U ¢ (omyck). Hampumep, cun-
Takcuyeckass KoHCTpyKuuss MODEL.L1.h
BO3BpAIA€T BEPXHEE OTKIOHEHUE pa3Me-
pa L1, a popmyna MODEL.L1+MODEL.
L1.h BRYHCISET €r0 MaKCMMalbHOE 3Ha-
YEHHUE.

J1st mapamMeTpuYecKux TEePEeMEHHBIX
3D-mozenu IMEHA U KOMMEHTapuK OepyT-

Csl TAKUMH, KAKUMH OHU OBIITM Ha3HA4YEHBI
nosip3oBareneM. B ciyyae coBHageHus
UMEH IapaMeTpOB IPUOPHUTET OTIACTCS
napamMeTpu4eckuM IepeMeHHbIM 3D-Mo-
nend. Co3iaB OTHOMMEHHYIO TIEPEMEHHY IO
3D-mozenu, moiabp30BaTeh MOXKET MEPeo-
MpeeNnTh 3HAYCHUE JTI000T0 Mapamerpa.
Homyctum, napamerp HRC, U3BIEUEHHBIN
U3 CHpaBOYHHUKA MaTrepuana, He coracy-
€TCsl C €r0 PeaJIbHbIM 3HAYEHUEM BO BPEMS
MeXaHN4ecKoi 00padoTKH, TOTa MOJIb30-
Baresib MOXKET OOBSIBUTH BHEITHIOIO T1apa-
METPUYECKYIO MEPEMEHHYIO C TaKUM e
UMEHeM, ¥ 3HaueHue napamerpa MODEL.
HRC Oynet ompenenatscsi mapameTpuyie-
CKoM TrepeMeHHo# 3 D-Momenm.

IlocnenHMU CUUTHIBAIOTCA TEXHU-
yeckne TpeOoBaHMs. B JaHHOM BapuaHTte
NPOTrPaMMHOM peajM3alul U3 TeXHHYe-
CKUX TpeOOBaHUH H3BIEKACTCS TOJBKO
TBEPAOCTb MaTepHaa, eciii OHa He ObuIa
MOJTy4eHa U3 JPYTHX UCTOUHHUKOB.

Hwmxe na pucynkax 9 u 10 moxaszan
MpUMep aBTOMATHYECKOH HACTPOWKH 3a-
JKUMHOIO pa3Mepa CTaHOYHOIO MPHUCIIO-
cobnenusi. B cucreme KOMIIAC-3D
co3JaeTcsl eTallb B BHJE MapajulesIeH-
mexa (puc. 10). lupuHe meTaqw CTaBUT-
csl B COOTBETCTBHE IMapaMeTpuiecKas Ie-
pemenHass W. Jljig 3aKkperuieHust JeTanu

— n e
///— - — IEPEMEHHEIE |
/// Aran Beipaze.. JHaue.. Kommentapaii
|/é'-h—____ v [Jetane (Ten-1)
| n A T ?UIPasmep mesiay ryGrana { MODEL Lelamp }
'\l\ | n Amax 200 200 | pasmen gna cnpasok®
A w 150 150 | pazmen ana cnpasok”
-::__""""--.._,_‘_ | pazmeg P
(e _X n [ 50 50 | pasmep anA cnpasok”™
—T::::_—__\___h
L. — H‘-—--"—::;;:__::;__h— TTm C 50 50 | pasmen gna cnpasor”
TAE/ALLA MEPEMEHHLIX X
AL ==

KomueHTapuid | Amax W B C

3.01.00000 100 100 30 35
3.02.10000 150 125 40 40
3.03.20000 200 150 50 50

D G m F

270 75 7.3 10
345 95 129 12
420 125 255 13 =

P u c. 9. IlapamerpuszoBannas 3D-Mozeb CTaHOUYHBIX THCKOB
Fig. 9. Parameterized 3D-model of the machine vice
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P u c. 10. ABromaTnyeckasi HACTPOIKa 32)KUMHOTO pa3Mepa TUCKOB

Fig. 10. Automatic adjustment of clamping device size

ucnonb3ytorcs Tucku pupmel GERARDI
(puc. 9). CranmaptHbie pa3Mepbl THCKOB
o karamory GERARDI xpansrTcs B Tab-
JIe TIepeMeHHBIX 3D-Momeny, a 3aKnuM-
HOMY pa3Mepy MOCTaBJIeH B COOTBETCTBHE
napametp aetanu MODEL.Lclamp.
[IpucnocoOnenust B paccmarpuBac-
Mot CAM-cucrteme mnpeacTaBisiioT CO-
0oif mapameTpu3zoBaHHBIC 3D-Momenu,
KOTOpBIE MOXKHO BBIOpaTh M3 Karajora,
nocrasnsieMoro B muctpuOytuse CAM-
cucreMsl. [lonb30Barens MOXET cO371aTh
TaKke COOCTBEHHBIC MOJENIM MPHCIIO-
cooeHnii M TonkiIrounTh ux Kk CAM-
MpUIoKEHUI0. B3aumoselcTBre Mexay
CAM-cucremoit n 3D-momensio Tpu-
CIOCOOJIEHUST pean30BaHO MOCPEICTBOM
API KOMITAC-3D. Ilonp30Barenb MOXKET
YIpaBIATh KOH(UTYypalnued Mpucrnoco-
OneHus, BBHIOMpAs CTPOKY CTaHIApTHBIX
pasMepoB WM 3a/1aBasi BPYYHYIO paszMe-
psl, HerocpeacTBeHHO u3 CAM-cHucTeMBI.
[Tpu nopKkIFOYeHUI MOJIETIH TPUCTIOCO0ITe-
uus kK CAM-cucteme, TeKCT B KOMMEHTA-
pUSIX K MEPEMEHHBIM MOJIEIH, 3aKIIOUCH-

Computer science, computer engineering and management

HBI B (UrypHbIE CKOOKHM, PAacHO3HAETCS
CAM-cuctemMoil Kak mapameTpuyeckas
¢dopmyna. B nanHOM cityuae npu Halnu4uu
B COCTaBe TapamMeTpoB JIE€TaN MepPeMeH-
HOU ¢ UMeHeM Lclamp Ha MeCTO 3HAYCHHS
paccTosiHusI MEKAY TyOKaMH TUCKOB OyaeT
MOJACTaBIATECA 3HAUEHHE TEPEMEHHOU
Lclamp.

B momenmm oOpabarpiBaeMoOi eTamn
CO3/aeTcs TapamMeTpuueckas IepeMeH-
Hast Lclamp, woTopasi TpHpaBHUBACTCS
nepemenHoii W. Takum cnocoOom ycra-
HaBJIMBaeTCI MH(POpPMALMOHHAS  CBS3b
MEXAy WUPUHOHN aetanu W u 3aKUMHBIM
pa3MepoM TUCKOB. [Ipu n3MeHeHnn 3Haqe-
HUS IEPEMEHHOIN W Mozelnp netaiu nepe-
CTpanBaeTcs, U3MEHsS CBOIO IIUPUHY, ITPH
3TOM aBTOMATHUYECKH MOJTOHSAETCS pa3Mep
Mexay ryOkamu TtrckoB. Ha pucynke 10
MOKa3aHbl JAeTallb U TUCKU Ipu W=60; 40
1 90 Mmm.

ABTOMaTH3aIM HACTPOHKHN 3KUMHO-
ro pasMepa MpPUCIIOCOOICHUs TI03BOJISIET
n30aBUTh TEXHOJIOTa OT JIMIIHUX ACHCT-
BUH, CBA3AHHBIX C PYYHBIM H3MEHEHUEM
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pacCTOSIHUSL MEX/y TyOKaMH THUCKOB IPH
Ka)XJIOM H3MEHEHUH IIMPHUHBI IETAITH. DTO
0COOEHHO aKTyallbHO, €CIIH JIETATh UMEET
HECKOJIBKO Pa3MepPHBIX MOTU(HKAIIAH.

O0cy:xneHne 1 3aKJII0YeHHe

B crarbe mpuBenaeH MeToa MoJyde-
HUSI UCXOJIHBIX TIapaMeTpPOB 00padaThiBa-
eMOU JIeTallu MpH repeaade NHPOPMaIUH
M3 KOHCTPYKTOPCKOW MOJENN B WHTET-
pupoBannyio CAM-cuctemy i 3amadq
KOHCTPYKTOPCKO-TEXHOJIOTHIECKON Tapa-
MeTpu3aluu. MeToJ IpOorpaMMHOIO pe-
aqn30BaH B COCTaBE HUHTETPUPOBAHHOU
CAM-cucrembl ans miargopmsel KOM-
[TAC-3D. IIpoGrema nepeau JaHHBIX U3
3D-mMozmeny B TEXHOJIOTHYECKHE PACUETHI
pemraeTcs ¢ IMOMOIIBI0 TIPOTPAMMHOTO HH-
Tepdeiica APL

KoncTpyKkTOpCKO-TEXHOMOTHYECKAs
napamerpusanus sipisiercs 3(h(HEeKTHBHBIM
WHCTPYMEHTOM JIJIsl KOHCTPYKTOPOB M TEX-
HOJIOTOB, C TIOMOIIIBIO0 KOTOPOTO OHA MOTYT
peanu30BaTh OTHOCHUTEIHHO HECIOKHBIC
aJTOPUTMBI, HE SIBIISIACH TIPU 3TOM CIICIIH-

aJIUCTaMH B 00JIACTU MIPOTrPaMMHUPOBAHUSL.
bnaronapst KOHCTPYKTOPCKO-TEXHOJIOTHYE-
CKOH IMapaMeTpU3aIliy U aCCOITUaTUBHOCTH
TpaeKTOpHiA 00padOTKN MOYKHO ITOCTPOHTH
CKBO3HOH  KOHCTPYKTOPCKO-TEXHOJIOTH-
YECKHI IMPOEKT, KOrlla W3MCHEHHUsI, BHeE-
CEHHBIC KOHCTPYKTOPOM B J€Tajlb, OymyT
aBTOMAaTHYECKH IepeaBaThCs B TEXHOJIO-
THYECKYIO MOJIEITB U JlaJiee yepes3 MOCTIIPO-
[IECCOpP B YTMPABISIONIYIO MPOTPAMMY JUIS
cranka ¢ YITY. [Ipu 3T70M MakcUMalIbHbBIN
3P PEKT OT MPUMEHEHHS CKBO3HBIX TEXHO-
JIOTHI TIepeaYy JAHHBIX JOCTUTACTCS JUIsI
MapaMeTPU30BaHHBIX JIeTajleid, HMEFOIINX
HECKOJIBKO pa3MepHBIX MOIM(DUKAITHIA.

JlanpHeliee pa3BUTHE MOACUCTEMBI
KOHCTPYKTOPCKO-TEXHOJIOTHYECKON Tapa-
METPHU3AIUHU TUIAHUPYETCSl HAMPaBUTh Ha
pellleHre 3a/lad aBTOMAaTHYECKOTO MO100-
pa 3aroTOBKH, PEXYIIUX HHCTPYMEHTOB
¥ TPUCTIOCOOIEHNIT Ha OCHOBE allTOPHUT-
MOB, peaIn3yeMbIX MOJIH30BATEIAMH II0-
CPEICTBOM IapaMeTpUIeCKuX HH(pOopMa-
IIMOHHBIX CBS3€EH.
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