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Annomayusa. MoTHBaLUsI HOBOTO HccJIel0BaHusA. TexHOMOrHnIecKasi MOATOTOBKa COBPEMEHHOTO Ma-
HIHHOCTPOUTENbHOrO mpousBoacTBa Oasupyercsi Ha CAD/CAM/CAE/CAPP-cuctemax. B CAD/CAM-
crcTeMax MOJENMpOBaHKe AeTaneil u 00paboTku Ha crankax ¢ YIIY npousBomutcst B Maean3upOBaHHOM
MOCTaHOBKE: MCIOJB3YIOTCS TJ1aJKHUE TOBEPXHOCTH, JIMHEWHBIE KPOMKH M TOYCYHbIE BEPIINHBI B3aUMOICHCT-
BYIOUIMX TeJl; HE YUHUTHIBAIOTCSl YIPYrHe W TEIUIOBbIe NedopMalny 3aroTOBOK, a TaKKe M3HOC MHCTPYMEH-
ToB. Kak crnencteue, monydyaeMble MOICTHPOBAHUEM JIETANTM 3a4aCTYIO CYIECTBEHHO OTJIMYAIOTCA OT peallb-
HBIX, [IOJIy4aeMBIX Ha CTaHKaX. B CyIlecTBYIONMX HayYHBIX MyOJMKALUSIX MPUBOJSTCS YHUCICHHBIE PACUETHI
HaIpsKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUSA HACATN3UPOBAHHBIX HMHCTPYMEHTOB M 3arOTOBOK, BKJIIOYAs
MOJICTIMPOBAHNE 30HBI PE3aHUS, a TAKKE yUeT UX Ae(hOpMaLMi B YIPABISIOIUNX IpOrpaMMax Uil CTAHKOB C
YITY. IIpuBoasTcs aHAIMTHYECKHE TBEPAOTEIbHBIE MOJEIH C IOBEPXHOCTSIMU U3HOCA HHCTPYMEHTOB, KOTO-
pBIE HCTIONIB3YIOTCSI B MOJICIISIX CTPYKK0ooOpa3oBaHus. OHAKO BCE ATU MCCICAOBAHUS OTPAYKAIOTCS B ITyOIIH-
KaIMAX 110 OTAEIBHOCTH, a yKa3aHHbIC HeaIN3UPOBAHHBIC MOAEIN CHIDKAIOT aIeKBaTHOCTh PacdeToB. Bos-
HUKIA noTpeOHOCTh B Oosee agekBatHoM CAD/CAM/CAE-moaenupoBaHun ¢ y4eTOM IIEPOXOBATOCTH, H3-
HOca, AeopMaLHii HIEMEHTOB TEXHOJIOIMYECKOW CHCTEMBI U B UX COBMECTHOM HCIOJIB30BaHHU JUIS pacdyeTa
TOYHOCTH 00paboTKu Ha craHkax ¢ UIIY. Takum 0Opa3om, 1eIbI0 HOBOTO HCCJIENOBAHUS SBISICTCS TOBBI-
IEHHE TOYHOCTU 00paboTKH Ha ctaHkax ¢ UITY myTeM COBMECTHOTO YMCICHHOTO F€OMETPUYECKOro U (u-
3MYECKOr0 MOJEIMPOBAHUS ITOH 0OPaOOTKH C Y4EeTOM IIEpOXOBAaTOCTH, H3HOCA M AehOpMAIM 3JIEMEHTOB
TEXHOJIOTHUECKOH cucTeMbl. MeToaoa0ruueckas 6a3a uccjeoBaHUs BKIIOYAET B ce0sl BOKCEIbHOE MOJIe-
JUPOBAaHHWE BO B3aUMOCBSI3M C CETOYHBIMH WJIM OECCEeTOYHBIMH METOJaMH pacdeTa HampspKeHHO-
Je(opMHPOBAHHOTO COCTOSIHUSI JJIEMEHTOB TEXHOJIOTHYECKOW CHCTEMBI. YiKe MOJyYeHHbIe U OKHJ1aeMble
pe3yJabTaThl HccaeqoBanus. [loaydeHs MaTeMaTHueCKie MOJICNI OCHOBHBIX THITOB HMIEPOXOBATOCTH C BbI-
CTyIaMH, PaclojIOKEHHBIMH BJIOJb 33JaHHBIX JIMHWI; MaTeMaTHYeCKHe MOJICJIH OCHOBHBIX THIIOB M3HOCA
PEeXYIINX WHCTPYMEHTOB; pa3paboTaHa METOAMKA BOKCEJIHLHOTO MOJEIMPOBAHUS 00OpYJOBaHMS, HHCTPY-
MEHTOB M 3arOTOBOK, BKJIFOUasi MOJEIMPOBaHNE JHCIEPCHO- U BOJIOKOHHO-apMHPOBAaHHBIX 00BEMHOTO TLIe-
TEHHs] KOMIIO3UTHBIX 3arOTOBOK; CO3/1aHbl MAaTeMaTH4YeCKUE MOJICIN M3MEHEHHUs] [€OMETPUN UHCTPYMEHTa B
CBSI3M C M3HOCOM B IIPOLIECCE PE3aHMUs M BIMSHUS ATOTO M3HOCA, a TAKXKE PA3IMYHbIX AedopMalHii Ha TOy-
gaeMble JeTand. [ImaHupyercs: pa3BUTHE YHCICHHOTO MOJEIMPOBAHUS PE3aHMsI BOJIOKOHHO-aPMHPOBAHHBIX
KOMIIO3UTHBIX 3arOTOBOK ISl ONPEAETICHUs cuil pe3aHus. O0ume BbIBOABI CBSI3aHBI C OI[EHKOI BO3MOXKHO-
CTeil mpeIaraeMoro YiCIIeHHOTo mojxoaa B HoBoM nokoneHnd CAD/CAM/CAE-cuctem U mepcrieKTHBaMU
MPUMEHEHHUS TAKUX CUCTEM B KOHCTPYKTOPCKO-TEXHOJIOTHYECKOH MOJATOTOBKE IIPOU3BOCTBA.

Knrwouesvie cnosa: CADICAM/CAE, o6paboTka Ha crankax ¢ YITY, BOKcenbHOE MOJIETMPOBAHUE, KO-
HEYHO-3JIEMEHTHOE MOJIETTMPOBaHHNE, IIEPOXOBATOCTh, H3HOC, 30HA PE3aHMs1, KOMITO3HUT
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MACHINING ACCURACY IMPROVING BASED ON JOINT
NUMERICAL GEOMETRIC AND PHYSICAL MODELING

E.l. Shchurova, shchurovaei@susu.ru
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South Ural State University, Chelyabinsk, Russia

Abstract. Motivation for the new study. Technological preparation of modern mechanical engi-
neering production is based on CAD/CAM/CAE/CAPP systems. In CAD/CAM systems, modeling of
parts and machining on CNC machines is performed in an ideal setting: smooth surfaces, linear edges
and point vertices of bodies are used; elastic and thermal deformations and tool wear are not taken into
account. As a result, parts obtained by modeling often differ from those obtained in the machining pro-
cess. Modern scientific studies provide numerical calculations of the stress-strain state of idealized tools
and workpieces, including modeling of the cutting zone, as well as consideration of their deformations
in control programs for CNC machines. At the same time there are analytical solid models of tool wear
surfaces and their use in chip formation models. However, all these studies are reflected in publications
separately, and the specified idealized models reduce the adequacy of calculations. There is a need for
CAD/CAM/CAE modeling in view of roughness, wear, deformations of the elements of the technologi-
cal system and their joint consideration for calculating the machining accuracy during CNC machining.
Thus, the aim of the new study is to improve the machining accuracy during CNC machining by joint
numerical geometric and physical modeling of such processing in view of roughness, wear and defor-
mations of the elements of the technological system. The methodological base of the study includes
voxel modeling in conjunction with mesh or meshless methods for calculating the stress-strain state of
the technological system elements. Obtained and expected research results: mathematical models of
the main types roughness with peaks located along specified lines, mathematical models of the main
types of tool wear, voxel modeling of the technological system elements, including modeling of dis-
persed and fiber-reinforced 3D woven composite workpieces, mathematical models of tool geometry
changing caused by tool wear during machining and the effects of this wear, as well as deformations on
the machined parts. It is planned to develop numerical modeling of machining fiber-reinforced compo-
site workpieces to determine the cutting forces. General conclusions are related to the assessment of the
prospects of the proposed numerical approach in the new generation of CAD/CAM/CAE systems and
the potential of their application in pre-production engineering.

Keywords: CAD/CAM/CAE, CNC machining, voxel modeling, finite element modeling, rough-
ness, wear, cutting zone, composite
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Beenenue

MoTuBanusa U npeaMeT HccJaeOBaHMA. TeXHOIOrHYecKas MOArOTOBKA MAIIMHOCTPOUTENHHOTO
MPOM3BOJCTBA BKIIIOYAET B ce0s B YKMCIIE MPOYEro pa3paboTKy TEXHOJOIMYECKHUX OIEpPaLfii, B TOM YHC-
jie 00paboTky Ha crankax ¢ UITY. HauGombliine TPyAHOCTH BO3HHKAIOT IIpH 00pabOTKe KpymHOrada-
PUTHBIX HEXECTKHX JeTayleil, Takux Kak TypOuHHbIC jomartkd. Ilo maHHbIM Kommanuu Sandvik
Coromant mporu6 JionaTky Bo BpeMsl ppe3epoBaHHUs MOXKET AOCTUIaTh 2 MM, YTO CYIIECTBEHHO CKa3bl-
BaeTcsa Ha TOYHOCTU 00paboTku. Kpome Toro, myTth pezanus (3aech u ganee repmunsl mo 'OCT 25762-
83) npu (dpe3epoBaHNM KPYIHBIX JIOMATOK HA YMCTOBOM OMEpanyu JOCTHTAaeT JECITKOB METPOB, UTO
npu 006pabOTKe OAHOM 3arOTOBKHM MPHUBOAUT K 3HAYUTEIBHOMY M3HOCY (pe3bl U U3MEHEHHUIO €€ MPOU3-
BOJISIIMX pa3MepoB. DTOT U3HOC TAKXKE CKA3bIBAETCSI HA TOYHOCTU 00pabOTKH. MUHUMHU3UPOBATH BIMSI-
HUE Ha TOYHOCTH JETATM JAHHBIX TEXHOJOTHYECKHX (PaKTOPOB IO3BOJISIET BHECEHHE KOPPEKTOPOB B

84 Bulletin of the South Ural State University. Ser. Mechanical Engineering Industry.
2025, vol. 25, no. 3, pp. 83-87


https://www.translate.ru/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9-%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9
https://www.translate.ru/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9-%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9

ljypoea E.N., Lllypoe U.A. lMoeblweHuUe MoYyHOoCcmMu MexaHoobpabomku Ha OCHO8e CO8MeCIMHO20
4UcJIeHHO20 2eoMempuUY4ecKo20 U ¢husudecko2o modenuposaHus

YIPaBJIAIOUIYIO IPOrpaMMy Ha COOTBETCTBYIOLIMX Y4acTKaX TPacKTOPUM IBIKEHHUS MHCTpyMeHTa. Be-
JMYUHBI KOPPEKTOPOB JTOJDKHBI OBITH OINpEeNieHbl C YIeTOM YKa3aHHBIX MPOrHOOB W U3HOCA UHCTPY-
MEHTa B BEIOPAHHBIX TOUKAX TPACKTOpUH ero ABmKeHUs. C 3TOH 1enbio0 HeOOXOAMMO PacCUUTATh CHIIBI
pe3aHus, 4YTO B COBPEMEHHBIX YCIOBUSIX HauboJiee aieKBaTHO Pean3yeTcsl YNCICHHBIMH CETOYHBIMU U
0ecceTOYHBIMH METOAAMH MOJCIUPOBAHUS, PEATN3yeMBIMH C HCHONb30BaHHEeM kommMmepdeckux CAE-
nporpamum [1]. Kak u3BecTHO, CHiIBI pe3aHus U caM XapakTep HanpsHKeHHO-1e(OPMHPOBAHHOTO COCTOS-
HUS 30HBI PE3aHUS U CTPYNKKO0OPa30BaHMsI CYIIECTBEHHO 3aBUCST OT COCTOSHHS MOBEPXHOCTH 3ar0TOB-
KH, ee MIepOXOBAaTOCTH U W3HOCA MHCTPYMEHTa. Mexay TeM npuMeHsemble B Hactosmiee Bpems CAD-
MPOTpaMMBbl, OCHOBAaHHBIE HA aHAIUTHYECKOW T'€OMETPUH B MPOCTPAHCTBE, KaK MPaBUIIO, MO3BOJISIOT
MOJy4aTh TJIaJKue MOBEPXHOCTH, TTaJKUe JIMHUN UX TepPecedeHus] U TOYCYHbIC BEPIIMHBI MOJEIUpYe-
MBIX 00BEKTOB. VI3BeCTHBI IPUMEPHI MOAEIMPOBAHUS IEPOXOBATOCTH IMOBEPXHOCTEH ¢ MCHOIb30BAHU-
€M BOJIHUCTBIX ITIaIKUX TTIOBEPXHOCTEH Ha OCHOBE CIUIAHOB MJIM T€X XK€ CaMbIX KAHOHUYECKUX TOBEPX-
HocTeil. Takum e 00pa3oM B MPOBOAUMBIX MCCICAOBAHUAX MOJACIUPYIOTCS M MOBEPXHOCTH U3HOCA UH-
cTpyMeHTOB [2]. O4eBHOHO, YTO AAHHOE MOJETHPOBAHHWE HE aJeKBATHO PEaJhbHBIM ITOBEPXHOCTSM.
Kpome Toro, B cirydae ucronb3oBanus BcTpoeHHbIX B CAE-CHCTEMBI TeHEpaTOpOB CETOK B 3TOM CITydae
CO3JIat0TCs 00bEMHBIE M0 YUCITY Y3JI0B M DJIEMEHTOB MOZEIH, KOTOPbIE TPYIHO pealn3yeMbl Ha Iepco-
HAJIBHBIX KOMIIBIOTEPAX WHKEHEPOB-TEXHOIOTOB MPOMBIIUICHHBIX MPEIIPUSTHI.

OpHUM U3 MEPCHEKTHBHBIX BapUAHTOB NPEOJOJICHUS YKAa3aHHBIX TPYIHOCTEH SBISIETCS OTKa3 OT
AQHAJIMTUYECKUX TBEPAOTEIBHBIX MOETCH M HCIOJIb30BaHME MX YMCICHHBIX aHaiuoroB. OCHOBOM s
TAKOTO MOJICIIMPOBAHHS SIBISIETCS BOKCEIBHOE MOJICIIMPOBAHUE, IIUPOKO MPUMEHSEMOE HE TOIBKO B
KOMIIBIOTEPHBIX UIpax M MEIULMHE, HO U B TEXHHUKE. JJOCTOMHCTBOM 3TOrO MOAXOAA SIBIAETCS €ro oc-
HOBa — ayiredpa MHOXKECTB, KOTOPasi BHITOJHO OTJIMYACTCS OT aHAIUTHYECKOH I€OMETpUH YCTOHYUBO-
CTBIO B TIOJYYEHHUH PE3YJIbTATOB JJIsl CKOJIb YTOJHO CIOXKHBIX YCIOBUH, BKITIOYAIOUINX HE TOJNBKO I'eo-
METPHIO [TOBEPXHOCTEH MHCTPYMEHTOB U 3ar0TOBOK, HO M UX LIEPOXOBATOCTH, AedeKTsl U u3Hoc. [py-
MM JTOCTOMHCTBOM 3TOTO MOAXOJa SIBIAETCS €ro YMCICHHAs OCHOBA, KOTOPAas IOJHOCTHIO COMPSraeTcs
C OCHOBOW HYHCIIEHHOTO (PU3MYECKOTO MOJEIHPOBAHMS: CETOUYHBIX U OECCEeTOUHBIX METOJIOB pacuera,
npumensieMbix B CAE-cucTeMax, 4To MO3BOJSET COKPATUTHh pa3Mepbl Monened. B cBs3u ¢ 3tum Bo-
KCEJIbHOE MOJEIMPOBAHUE YACTO OTPAXKAETCS B HAYUHBIX ITyONMKALUsX, IOCBSLICHHBIX B TOM YHUCIE U
PEIICHUIO TEOMETPHYCSCKUX 3a/1a4y 00paboTku Ha crtaHkax ¢ UITY, a Takxke BIUAHUIO MedopMalyuil U u3-
HOCa Ha TOYHOCTH O00pabOTKH. AHAIW3 JIUTEPATyphl MOKA3al, YTO B HACTOSIIEE BpeMs TaKHE 3a/add
pEemIaTCs 1Mo OTENBHOCTH: TONBKO HeanbHOe hopMooOpazoBaHue (0e3 yduera TEXHOIOTHIeCKHX (pax-
TOpOB), HAIIPUMEP, pacyeT BHICOTHI OCTATOUHBIX IPEOEHIKOB IIEPOXOBATOCTH; YUET BIUSHHSA CHJI pe3a-
HUS 1 JiepopMaliii Ha TOYHOCTh 00paOOTKH; Y4eT BIMSHHS M3HOCA WHCTPYMEHTa Ha TOYHOCTH oOpa-
00TKH (TOJBKO reoMeTpryecKas MocTaHoBKa). Heo0XoMuM KOMIUIEKCHBIN MOAXO0J] y4eTa COBMECTHOTO
BJIMSIHUSL BCEX YKa3aHHBIX M APYIHX (HaKTOPOB, TAKMX Kak MOTPELIHOCTH MHCTPYMEHTOB, IIOIPELIHOCTH
3aKpEIUIeHHUs] 3arOTOBKH, MOTPEHIHOCTH (HOpMOOOpas3yroIero ABMKEHHS HAa TOYHOCTH oOpaboTku. B
CBSI3U C 3TUM ObLIa BBIJBUHYTA TUIOTE3a O TOM, YTO MOJO0HOE MOJECIMPOBAHNE BO3MOXHO TOJILKO Ha
OCHOBE KOMILUIEKCHOTO M0/Xx0/1a B3auMmocBsizanubix mMoayiieii CAD/CAM/CAE-cucrem, 6a3upyromuxcst
Ha oO0IIel YMCICHHOW OCHOBE: BOKCEIBHOM MOJEIMPOBAHMM T€OMETPHUHM M CETOYHBIX M 0ECCETOYHBIX
METO/Iax pacueTa MpH pelieHn: Gpu3nYecKux 3a1au. ['eoMeTpruieckoe MoJIeIMPOBaHNE HHCTPYMEHTOB U
3arOTOBOK JIOJDKHO BBINOJIHATHCS C YYETOM HMX LIEPOXOBATOCTH M M3HOCA, KOTOPBIE JOJDKHBI yUUTHI-
BaThCs, HAIIpUMEP, B KOHeUHO-3s1eMeHTHBIX (MKD) nmimn SPH-monensx cuinoBbIx pacyeToB, KOTOpHIE, B
CBOIO OUepe/ib, SIBISIOTCS OCHOBOM JUIsl pacdeTa yJalsieMbIX ¢ MHCTPYMEHTa BOKCENel Kak pe3yibTara
€ro M3HOCa B 3aBHCHUMOCTH OT NYTH pe3aHUs W JABJICHHH Ha €ro KOHEeYHble 3JeMeHThl win SPH-
YaCTHUIIBI CO CTOPOHBI 3aTOTOBKM M CTPYKKU. YKa3zaHHas B3aMMOCBSI3b U SIBJISIETCSI OCHOBOM TEpMHUHA
«COBMECTHOE TeOMETpHUIECKOoe M (PU3NUECKOE MOJICIIMPOBAHNEY IIEMEHTOB TEXHOJIOTHYECKONH CUCTEMBI
W TIpoIieccoB pe3anusi. IMEHHO NaHHBIN MOJIXOJ, CBA3aHHBIE C HUM METOJIOJIOTMYECKHE BOIPOCHI U Ma-
TEMaTU4YeCKHUEe MOJICIN U SBJISIETCS MPeIMeTOM paccMaTPUBAEeMOro UccaeJ0BaAHUS.

MeTtononoruyeckasi 6a3a u MaTeMaTHYeCKHUE MOJeIH HCCJIe0BAHMS

OTMedeHHBIH BBIIIE KOMIUIEKCHBIN MOAX0X TpeOyeT CO3/[aHhs CBOEH METOMOJIOTHYECKOW Oa3bl:
TpeOyeTcst Hanuyre 0a30BBIX MOHSATHH, NIPUHLIMIOB U MpaBuil MojenupoBanus. OCHOBHAs 4acTh 3TOM
METOA0JIOrMH OblTa pa3paboTaHa paHee U MpeAcTaBiIeHa B 0OHON U3 mybnukauuii [3]. Bmecte ¢ Tem psin
TEPMUHOB TpeOyeT YTOYHEHUs. B 4acTHOCTH, OBIJIO YTOYHEHO MOHSATHE BOKCENS, TapaMeTp COCTOSHUS
KOTOPOTO Telephb COACPKUT B cede HEe TOJIBKO HOMEP YacTH MOJIENIUPYEeMOro 00beKTa Ui HoMepa ero
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MOBEPXHOCTEM, HO M €r0 HOMEP B OKTOJIEPEBE BCEH MOJENH. YTOYHEHBI NIPUHIMIIBI, KACAIOIIHUECS HE
TOJIBKO MOJIEJIMPOBAHUS MOBEPXHOCTEN 3JIEMEHTOB TEXHOJIOTMUECKON CHCTEMBI, HO M IIEPOXOBATOCTEN
IIOBEPXHOCTEN U UX U3HOCA.

PazpaboranHble MaTeMaTH4ecKue MOJENH I03BOJIIOT ONKCHIBATH I'€OMETPHUIO ILIEPOXOBATOCTEH
pasHBIX BUIIOB Ul PAa3HBIX MOBEPXHOCTEW. HacTh pe3ynbTaToB TAKOTO MOACIUPOBAHUS I TIOBEPXHO-
CTEH BpallleHHs MOKa3aHa Ha puc. 1. BeICTymbI m1epoX0OBaTOCTH I HArJAAHOCTH MOKA3aHbI C YBENIH-
YEHHBIMH IIAraMHu.

Puc. 1. Y3noBble TOYKU BOKCerie NoBepPXHOCTEN BpaLLeHUS U BbICTYNOB LePOXOBaTOCTU
Fig. 1. Nodal points on the surfaces of revolution of voxels and roughness protuberances

AHaIOTHYHBIE MaTEeMaTUYECKIE BOKCEIbHBIE MOJENN OBLIA MONyYeHBI I PEXKYIETo KIMHA WH-
CTpYMEHTa ¢ TUITUYHBIMH XapakTepamu u3Hoca (puc. 2). CneBa mpuBe[ieH IpUMeEp M3HOCA PEeaTbHOTO
peslia, B cepeuHe — €ro BOKCEIbHBIN aHajor (IIBETaMH Ha OCHOBE 3HAYEHWMH MapamMeTpoB COCTOSHUMN
BOKCEJIeH BBIJICJICHBI pa3IMYHbBIC TOBEPXHOCTH PEKYIIETO KIIMHA), Aajiee TOKa3aHbl Pe3yJIbTaThl pacyera
HaNpPsOKEHUH B KIIMHE OT CHJIBI Pe3aHMsl.

Puc. 2. U3HOWeEHHbIN y4acToOK pexyliero KnmHa pearibHoro MHCTpymeHTa, ero BOKCeINbHbIW aHanor
U HanpsiXkeHUs oT CUJibl pe3aHus. CnpaBa — MoAenb KOMMO3UTHOW nonaTtku

Fig. 2. Worn section of a cutting wedge from a real tool and its voxel analog, as well as stresses from cutting forces.
On theright, there is a model of composite blade

Taxoke OpuIa pazpaboTaHa MaTeMaTHUECKash MOJIENb BOJIOKOHHO-apMHUPOBAHHON CTPYKTYpPBI 00b-
€MHOI'0 IIETEHUs (OPTOrOHAIbHOE PACIIONIOAKEHNUE BOJIOKOH) /sl 3allOJIHEHUS €0 IIPOCTPAHCTBA, OIU-
ceiBaeMoro TepaoTenbHeiM CAD-MonenupoBanuem jeraned aro0oit Gopmbl. Pesynbrarbl paboThI
KOMIIBIOTEPHOM MpOrpaMMBbl HA OCHOBE TaHHOW MaTeMaTH4eCKOM MOJENH MOKa3aHbl Ha pUC. 2 CIpaBa.
JInst HarnsAHOCTH pa3Mepsl BOJIOKOH M MX TPAHUYHBIX CIIOEB B MaTpHUIE YBEJIWYEHBI HA NMOpAIKU. [laH-
Hasl JIeTajlb MO3BOJISIET B BEIOPAHHBIX TOUKaxX ee 00paboTKu (pe3oii BeIpe3aTh HeOOIbIINE (HparMeHTHI
NpAMOYTOJBHON (HOPMBI 111 MOJCIIMPOBAHUS PE3aHUS BBILICTIPUBEACHHBIMU ()parMeHTaMH M3HOLICH-
HOT'O PEXYILIEro KIMHA C IIEPOXOBATOCTHIO €ro nepeAaHel W 3aiHuX noBepxHocted. HeobxomumocTts
TaKOM KOMITO3UTHON MOJIETH CBA3aHA C PAa3lIMYHBIM PACIIOJIOKEHHEM BOJIOKOH IO OTHOIIEHHIO K MHCT-
PYMEHTY B Pa3IYHBIX TOYKaX OOpabOTKHM 3arOTOBKH, YTO CYIIECTBEHHO BIIMSET Ha KapTHUHBI HArps-
KEHHO-Ie()OPMUPOBAHHOTO COCTOSHHSI 30HBI PE3aHHs, XapaKTep CTPYKKO0OPa30BaHMs M BO3ZHUKAIOIINX
cun pesanus. [lanee, kak ObUIO MOKa3aHO BBIIIE, 3TH CHJIBI MCIOJIB3YIOTCS Ul pacdeTa aedopmaruii
3aroTOBKH, MPH 3TOM B CIIydae 3arOoTOBOK OOJIBIIMX Pa3MepoB JIaHHbBIE pacueThl BeimonHsoTes B CAE-
IporpaMmax Jajsi TOMOT€HHBIX aHH30TPOIMHBIX KOMIO3UTHBIX CTPYKTYp MO CYIIECTBYIOIIMM MOJENIAM
MaTepuajoB. B xoze uccienoBaHus ObUIM MOJyYEHBI M JIPyTMe MaTeMaTHYeCKHe MOJENH, O KOTOPBIX
Op110 cka3zaHo BO Bmenmenuu. IlepeunciieHHbIe BONMPOCH! HAILIM CBOE OTPaKEHHWE B MOATOTOBIEHHBIX
CTaThsIX, HAMPABIEHHBIX B HAYYHBIE KYPHAIIBL.
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ljypoea E.N., Lllypoe U.A. lMoeblweHuUe MoYyHOoCcmMu MexaHoobpabomku Ha OCHO8e CO8MeCIMHO20
4UcJIeHHO20 2eoMempuUY4ecKo20 U ¢husudecko2o modenuposaHus

BoiBoabI

1. BBINOTHEHHBIC UCCIICAOBAHUS SBISIOTCS HAYAILHBIM IIIaTrOM B PEIICHUHM KOMIUIEKCHOTO BOPO-
ca, cBsi3aHHOro ¢ co3manueM Hosoro nokoiieHuss CAD/CAM/CAE-cucreM, OCHOBaHHBIX Ha YMCIEHHBIX
METOJaX pacuera: COBMECTHOM HMCIIOIL30BAaHUN T€OMETPHUIECKOTO (BOKCEIBHOT0) M puzndeckoro (MKD
i SPH) THIIOB MoIeTMpoBaHUSL.

2. JlokazaHo, 4TO MOJIEIU TeJl — 3JICMEHTOB TEXHOJOTHUECKON CHCTEMBI — aJICKBATHO OTPAKAIOT UX
MOBEPXHOCTH, BKIIOYAs IIEPOXOBATOCTh U H3HOC.

3. ®usnyeckoe MOIEIMPOBAHHE KOHTAKTa TEJN C HCIIOJIb30BAaHHWEM HICATHHBIX MOBEPXHOCTEH H
KPOMOK KOJIMYECTBEHHO M KAUECTBEHHO OTIUYACTCS OT TAKOT'O MOJICIIMPOBAHUS TN C IIEPOXOBATOCTHIO
Y U3HOCOM.

4. IlpemnaraemMplii IOAXOM SBISIETCS AOCTATOYHBIM ISl PEIICHUST KOMIUIEKCA 3a/1a4 B 3asBICHHON
BEIIII€ TTOCTAHOBKE.
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