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MOJEJIUPOBAHHUE NURBS KPUBBIX BBICOKOT'O
KAYECTBA

AHHOTALIUA

Dopmynupyromes mpedosanus K QYHKYUOHATbHLIM KPUBLIM (KPUBLIM
knacca F). Ilokasvigaromes oepanuuenusn @yuxkyuonanoe CAD-cucmem npu
MOOENUPOBAHUU CNAAUHOBLIX KPUBLIX BblcoKo20 Kawecmea. Ilpednracaemcs
MEeXHON02UsL MOOETUPOBAHUs Kpusvlx kiacca F 6 unmeespuposanuoii cucmeme,
cocmosuyeit uz CAD-cucmem, npoepammer FairCurveModeler mooeruposanus
@YHKYUOHATBHBIX KpUBbIX Kiacca F u 00KymMenmos mamemamuyecko2o nakema
Mathematica. Iloka3vl8aromes 803MONCHOCIU NPEOTOHCEHHOU MEXHOL02UU HA
npumepax ynyuuleHus Kaiecmea Kpuevlx, nocmpoenuvix 6 CAD-cucmemax 6

nepesoil sepcuu komnonenma FairCurveModeler + Mathematica.

Abstract
Formulated the demands to the functional curves (curves class F).

Showing limitations of functionality of CAD- systems for modeling high quality
spline curves. Technology is proposed for modeling curves class F in an
integrated system consisting of CAD- systems, program FairCurveModeler for
modeling the functional curves of class F and documents of mathematical
package Mathematica. Examples show the possibility of the proposed
technology to improve the quality of the curves constructed in CAD- systems in
the first version of the component FairCurveModeler + Mathematica.

BBenenne

Ecmu reomerpuueckue mnapaMeTpbl KPUBOJHMHEWHBIX IMOBEPXHOCTEU
ONnpenenstoT (QYHKIMOHATIBHOCTh  MPOEKTUPYEMOTO0 OOBEKTa, TO TaKHe
IMOBCPXHOCTHU HA3BIBAKOTCA CI)YHKLII/IOHaJII)HBIMI/I IMOBCPXHOCTAMMU. HpOCKTHI)Ie,
GYHKIIMOHATBHBIE XaPAaKTEPUCTUKH TMPOCKTUPYEMOTO0 OOBEKTa HAMPSIMYIO
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ONPENENSAIOTCA r€OMETPUYECKUMHU napameTpamu (YHKIIMOHATIBHBIX
KPUBOJIMHENHBIX TOBEPXHOCTEH, 00pazyronmx GopMy o0ObeKTa.

Baxxuplii  yacTHBIM  ciiydal  (yHKIHMOHAJIbHBIX  IOBEPXHOCTEH -
JWHAMUYECKHE MMOBEPXHOCTU. JIMHAMHUUYECKHE MOBEPXHOCTH 3TO MOBEPXHOCTH,
aKTUBHO B3aMMOJIEHCTBYIOIINE cO cpenoil. OOBOIBI CaMOJIETOB, CY/I0B, paboune
MOBEPXHOCTH OPTaHOB MOYBOOOPaOATHIBAIOIIMX MAIIUH, JIOMATOK HAaCOCOB,
TypOUH U T.N. OTHOCSTCS K JUHAMUYECKUM IMOBEPXHOCTSM.

K QyHKIMOHANBHBIM TIOBEPXHOCTSM TaKXKE OTHOCSTCS IMOBEPXHOCTH
KYJIa4KOB B KYJIAUKOBBIX MEXaHU3Max, [IOBEPXHOCTH JIOPOT.

Eciu  kpacora auzaiiHa TPOEKTUPYEMOTro OOBEKTa  OmpenesserT
NOTPEOUTENBCKUE  XAPAKTEPUCTUKH O0BEKTa, TO K (YHKIHOHAIbHBIM
NOBEPXHOCTSIM MOXHO TaKX€ OTHECTM IIOBEPXHOCTH, OIPEACIISIOIINE
”ICTETUYECKYI0  (PYHKIMOHAIBHOCTH® ~ MPOEKTHUPYEMOTO  00BEeKTa.  ITO
KPUBOJMHENHBIE MOBEPXHOCTU APXUTEKTYPHBIX OOBEKTOB, BHEIIHWMN TU3aiH
aBTOMOOUJIEH, OBITOBBIX TPUOOPOB U T.II.

B aBTomMoOMnbHOM au3aitHe (Automotive design) TakHe MOBEPXHOCTU
Ha3bIBAKOTCS IOBEPXHOCTAMU Kilacca A.

TpebdoBanus k Merogam moaenupoBanus KpuBbix B CAIIP. ba3zoBbie
KPHUTEPUM OLIeHKH Ka4eCcTBA KPUBbIX

B pabGorax [1, 2] »ddeKkTUBHOCTH METOJOB OIICHHUBACTCS TAKUMH
KpUTEpPUSIMU  KaK  YCTOMYMBOCTH  (POpMOOOpa3oBaHUsA, HAIJSOHOCTh H
rpadoaHaTUTUYHOCTh, TUOKOCTh YNpaBlieHUs (OPMON U BBHICOKMM Kadye€CTBOM
mMonenupyemoir  kpuBoil. CdopmynupoBaHbl 0a30Bble KpUTEPUHM OIICHKHU
KauecTBa KpHUBOW. BaxueWmmid W3 HUX — TMOPAOOK INaakoctu. llpum
MojenupoBaHuu npodwiei gomatok ['TJl mopsaoK riaagkocTu T0IKEH ObITh HE
MEHee 2-ro MOopsiKa Uil CHMXKEHHMSI SHEPreTHYECKMX IOTEph IpPH CKadKax
KpuBM3HBL. OTMETHMM  TakXe, 4TO MNpoPWIMpOBAHME  Kyjlauyka  JJid
BBICOKOOOOPOTHUCTBIX ~PACIPEBAIIOB € LEJIbI0 CHUKEHHUS JUHAMHYECKUX
Harpy30K HauMHaeTcss ¢ (YHKIMM MPOU3BOJHOM 3-TO U BBIIE MOPSAKA.

[TopsnoK rIaaKoCTH XapaKTEpU3yeT JIOKAIbHYIO IUNIABHOCTh KpUBOM. [11aBHOCTH
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KPUBOM B LEJIOM SBISAETCS WHTETPAIBHOW XapaKTEPUCTUKOM KPHUBOM H
OLICHUBAETCS TAaKUMM MapaMeTpaMM Kak: a) KOJMYECTBO TOYEK Ieperuda u
IPSIMOJIMHEWHBIX YYaCTKOB, 0) MaKCUMaJIbHBIA I'PaJUEHT U3MEHEHUS KPUBHU3HBI
Ha KpHUBOH, B) KOJMYECTBO BEPUIMH KPUBOW, TI) (YHKIMOHAI BUAA
MHTErpaJIbHOM CyMMBI KBaJIpaTa KpUBHU3HBI 110 JJINHE KPUBOM.

B pabote [3] kpuBas BBICOKOTO AICTETHYECKOTO KadecTBa (Kimacca A)
XapaKTEpU3yeTCcsl  MHHMMAJIBbHBIM KOJUYECTBOM YYacCTKOB C MOHOTOHHBIM
U3MEHEHUEM KpPUBHU3HBI (C MHHHUMAJIBHBIM KOJUYECTBOM BEPIIMH WM
KCTPEMYMOB KPUBHU3HBI).

B paborax [4, 5] 6a3oBbie TpeOGoBaHUS K KauyeCTBY (DYHKIIMOHAJIBHBIX
KpPUBBIX OOOCHOBBIBAIOTCSI HA OCHOBE aHAIM3a ABUKEHUS MaTEpPHAIbHOM TOYKH
II0 TPACKTOPUU ITPOCTPAHCTBEHHOM KpuBOM. Iloka3pIBaeTCs, 4TO AJI IUIABHOIO
0e3y1apHOro IUIABHOTO JABM)KEHUS MAaTEPHAIILHOM TOUKH 110 IPOCTPAHCTBEHHOM
TPAEKTOPUH HEOOXOIUM BBICOKUI MOPSIOK MIaJKOCTH (HE HUXE 4-ero MopsiaKa)
C TIulaBHbBIM (0€3 myJbcalMM) W3MEHEHHMEM KPHUBU3HBI M KPYUYCHMS.
PaccmarpuBaercsi MarepuanbHas TOYKA, ABMKYIIASCS IO KPUBOJIMHEHHOM
TpaekTopu. Ha ocHoBe aHanuza ¢popMynupyrorcs 0a30Bble KPUTEPUH OLICHKU
KAaueCTBAa KPUBBIX.

[lepBbIii HEOOXOAMMBIM KPUTEPHUM - BBICOKUN, HE HUXE 4-TO, MOPSIOK
IJ1aJIKOCTA MOJEIIUPYEMON KPHUBOM.

BTopo#i o Ba)KHOCTM KpUTEpHUM KAa4ECTBA KPUBOM - MUHHMYM BEPIIMH
KpUBOH MpH 337aHHON PopMe.

Tpernii KpuTepul JIsI OLEHKH KadeCcTBa MPOCTPAHCTBEHHBIX KPUBBIX -
MJIaBHOCTh KPYUYEHUSI KPUBOM.

[lepeuncieHHple KpUTEpUM  JIETKO KOHTPOJMPYIOTCS MO TIpadukam
KPUBH3HBI U LIEHTPOB KPUBU3HBI.

B kadecTBe JOMOJHUTENHLHOTO KPUTEPUS MPUHUMAETCS TOTEHIMAIbHAs
sHeprus KpuBoil. [loTeHnmanbHas sHeprusl yOpyrou perku, nregopMupoBaHHOM
0e3 yCWINil pacTs>KEeHUs 10 KOHTYPY KPUBOW CUMTAETCS BAXKHBIM MapameTpoM

KayeCTBA KPUBOU.
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B pabore aBTOopoB [4] ObUIO maHO OOOCHOBaHWE MUHUMH3AIUU
MOTEHIIUAJIBHONW AHEpruu npodribHOM KpuBOH muryra. B Oomee obmem miaHe
00OCHOBaHHWE MHUHUMH3ALMU TMOTCHLUUATBHOW JHEPruu  (PyHKIMOHAIBHOM
KPUBOH MOXKHO C(HOPMYITUPOBATH CIETYIOIIIM 00pa3oM.

[Ipu BBICOKMX CKOpOCTSX B3aUMOJCHCTBHUSI M3JENUS CO CpElou cpena
BeJIeT ce0s Kak ympyroe Tejo (mpu oOpaboTKe MOYBHI HA BBHICOKUX CKOPOCTSIX,
Ipy JABUKEHUM CKOPOCTHOTO Cy/HA, MPHU MOJETe camoJieTa, NP JIBHXKCHHUH
TOHOYHOrO aBTOMOOWIIS). O4YeBUAHO, YTO SHEPreTHYECKUE 3aTpaTbl Ha
nedopMauio cpeibl Kak YIOPYroro Tejaa IO TPAeKTOPUU C MHUHUMAIbHON
NOTEHIIMAIBHONU SHEpruen (mpouie roBopsi, Mo KOHTYpPY AePOpMUPOBAHHOM
yOpyrod pewku) OyayT MEHbIIe, YeM MO JII0OOMYy KOHTYpy € OOJjbIIei
MOTEHIIMAIBHON HEpruen npu OJIMHAKOBBIX r€OMETPUYECKUX
MakpomnapameTpax.

Kpussie kiaacca F

OYHKIIMOHAIbHBIE KPUBBIE BBICOKOTO KauecTBa (yAOBIETBOPSIONINE
NIEPEUYHCICHHBIM KpPUTEPHUSIM IIJJABHOCTH) Ha30BeM ~KpUBbIMM Kjacca F
(Functional)”. B oriamuue ot TepmMuHa “KpuBble Kiacca A (Aussenhaut) ”,
KOTOpbIi ObuT mo3aumcTBOBaH mpod.Farin'siv w3 ommcanuss CAD/CAM
cuctembl SYRKO ¢upmsr «Daimler-Benz AG» miis  MojenupoBaHus BHEIITHUX
(“outside surface”, “Aussenhaut” — BHEmIHUH Ha HEMEIIKOM S3BIKE)
noBepxHocTel aBTOoMOOMIIA [3].

[InaBHOCT, (YHKIMOHATBHBIX KPUBBIX W TTOBEPXHOCTEH SBISETCS
OTpENENSIIoONIe i1 OKCIUTyaTallMOHHBIX  XapaKTePUCTUK  TEXHUUYECKHX
W30CIUIL:

1) nnaBHbIEe paboyre MOBEPXHOCTH MOYBOOOPAOATHIBAIOIINX arperaToB C
GYyHKIMOHATBHBIMA ~ KPUBBIMH € Majiol  TOTCHIIMAIILHOW  DHEprueu
00eCTIeunBalOT CHIKEHHE SHEPTreTHYECKHX 3aTpaT Ha 0OpaOOTKy MOYBHI MPH
MOBBINICHUN Ka4eCTBa 00padOTKY;

2) TUIaBHBIE TPACCHI IOPOTU 0OECIeUynBatOT KOMGOPTHOCTh BOXKIACHUS U

0e30IMacHOCTh ABMIKCHUS TPAHCIIOPTHOTO CPCACTBA, a TaKKE IIpHU MaJion
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NOTCHUUATbHOM  DHEPrMM  TPACKTOPHUH  OOECIEeYMBAIOT  yYMEHBIICHHUE
DHEPreTUUECKUX 3aTpPaT;

3) maBHbBIE MPOCTPAHCTBEHHBIE TPACKTOPUM JBHKEHUS MEXAHUYECKUX
MaHUIYJIATOPOB  YMEHBIIAIOT JUHAMUYECKHE HAarpy3kd Ha MEXaHUKY
MaHUILYJIATOPA;

4) mnaBHBIM TpoduIb KyJIayKOB B KyJIA4KOBBIX MEXaHH3MaxX — OCHOBA
YMEHBILIEHUsI BUOpalM, YBEIUYEHHE JIOJTOBEYHOCTH, YMEHBUIEHUE Beca
KYJIa4KOBOI'O MEXaHHU3Ma.

Henocratku 0a3zoBeix (yHkuuii mogenupoBanus kKpuBbix B CAD-
CUCTEMax pacCMOTpeHbl B pabore aBTOpoB [6]. ba3oBele QyHKUMM He
00€eCreynBaOT HAJICKALIEr0 KadecTBa (PYHKIIMOHAJIBHBIX KPUBBIX IIO
KPUTEPHUAM IUIABHOCTH.

Pa3paboTtka METOJOB UM MHporpaMMm MOJEIUPOBAHUS KPUBBIX U
MIOBEPXHOCTEH BBICOKOTO KAaueCTB C YYETOM TpeOOBaHUUW K MeEToJaM
MOJIEJINPOBAHUSA (GYHKIIMOHATIBHBIX KPUBBIX 17§ ITIOBEPXHOCTEH,
c(OpPMYIMPOBAHHBIX BBIIIIE.

Pa3paboTka TEXHOJOTMM MOJETUPOBAHUS KPUBBIX M TOBEPXHOCTEH
BBICOKOT'O KayecTBa,

1) He3aBucuMoit 0T KoHKpeTHOM CAD-cucTemsl;

2) peanusyrouieil Bce BBIYMCIUTENBHBIE ACIEKThl KOHTPOJIS KayecTBa
KPHUBBIX 10 KPUTEPUSM IUIaBHOCTH;

3) obOecneunBarolell BO3MOKHOCTh HMHTEPAKTHUBHOTO pPEIAKTUPOBAHMS
KPUBBIX;

4) nomyckaroled BO3MOXXHOCTh WH)KEHEPHOTO aHaliu3a MPOEKTHBIX
XapaKTePUCTHUK U3eNus ¢ GQYHKIMOHAIbHBIMUA KPUBBIMU U TOBEPXHOCTSAMHU.

Ipeabinymmue pa3padoTKku aBTOPOB

B Hay4yHOM HampaBieHUH MOAECIUPOBaHUS (QYHKIHMOHAIBHBIX KPUBBIX U
MOBEPXHOCTEH BBICOKOTO KadecTBa aBTOpaMHM HapaOOTaH ONpEeICHHBIHI

Hay4HBII U IPOrPAMMHBIN 3a/1€]1.
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Teopetnueckue pa3paOOTKK BBINOJHEHBl aBTOPaMU B  CIEAYIOLIUX
HaIlpaBJICHUSX:

1) Pa3paGoran MeToA MOCTPOEHUS BHUPTYaIbHOW KpHUBOU (V-KpPHUBOK)
BBICOKOI'0 Ka4eCTBa W MCCJIEIOBAHBI CBOMCTBA METO/IA;

2) MHccnepoBana reomeTpuyeckas yCTOMUHMBOCTH (HOpMOOOpa3oBaHUS
NURBS kpuBbIX M TOBEPXHOCTEH M BBIpAOOTaHBI OTpaHUYCHHUS Ha (QopMy
reomerpudeckoro omnpenenutens (I'O), permamentupyromue dopmy NURBS
KPHBBIX U IIOBEPXHOCTEN.

3) IlpennoxkeHbl METOABI U30T€OMETPUUECKOTO MOCTPOEHUS KyOU4eCKOn
b-crutalinoBoM KpHBOM Ha OMOPHON JOMaHOM, D-critaiiHOBOM KPHBOW BBICOKOM
CTEIICHH Ha OMOPHOM JIOMAaHOM, H30T€OMETPUUECKOMN alMpPOKCUMALAN V-KPUBOU
nocpenctBoM NURBzS kpusoii (NURBS kpuBoii B ¢dopmare parroHaIbHOM
CIUTaitHOBOM KpuBOW be3ne) u b-criaitHOBOM KpHUBOW BBHICOKHX CTEMEHEW m (m
=6/7/10) c coxpaHeHHEM BBICOKOTO KadecTBa V-KPUBOU

OO030pHas craTbd 1O NEPEYUCIECHHBIM METOJaM CO  CBOJHOM
oubnmorpadueii 1ana B padote [7].

IIporpamma FairCurveModeler

Ha ocHoBe TeopeTHuecKux pe3ynbTaToB aBTOPOB M pa3pabOTaHHbBIX
MeronoB MozenupoBaHuss NURBS kpuBbIX BBICOKOTO KauecTBa pa3padoTaHa
nporpamma  FairCurveModeler. ®yHKIu# nOporpaMMbl  YIOBJIETBOPSIOT
TpeOOBAHMIM K METOAaM MOJEIUPOBaHUS (PyHKIIMOHAIBHBIX KpuBbIX B CAIIP.

[Mporpamma  FairCurveModeler wumeer pa3nuyHbie BapHAHTHI
ucnioninenusi: FairCurveModeler kax mnpunoxenne CAD-cuctem (AutoCAD,
KOMITIAC 3D) u  FairCurveModeler kak oOna4ydelii mpoaykt — Web-
npuioxenue Bcex CAD-cucrem.

B kauecTBe pelleHHs NMOCTABICHHOW 3aJaud MpeaIaraercs TEXHOJIOTHUS
monenupoBanuss NURBS KpHBBIX BBICOKOTO KayecTBa B HHTEIPUPOBAHHOU
cpene CAD-cucrema + FairCurveModeler + Mathematica:

1) B CAD-cucteMe B  kompopTHOM  rpaduyeckoil  cpeje

IIOATrOTaBINBAKOTCA IrCOMCTPHUUICCKUC OIIpCACIINTCIIN NI PUCYIOTCA
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CIUIAaHHOBBIE KPUBBIE C HCIOJB30BAaHHEM IIMPOKOro Habopa CpeicTB
penaktupoBanus B 2D u 3D rpaduueckoii cpene (¢ uCnoib30BaHUEM MPUBS30K,
GYHKIIMI ~ MaHUMYJIUPOBAHUS C TEOMETPUYECKHUM OOBEKTOM, (YHKIUH
BU3yalnu3aluu  00bekTa). B  uHTEerpupoBaHHON cpele d3TU  KPUBBIC
paccmatpuBaroTcs kKak NURBS-3cku3bl.

2) B xommnonente FairCurveModeler + Mathematica mo moAroToOBJIEHHBIM
NURBS-ackuzam ctpositcs u penakrupyrorcss NURBS kpubie BbICOKOTO
kauecTBa win ynyumaiotces NURBS kpussie, moctpoennsie B CAD-cuctemax;

3) B komnonente FairCurveModeler + Mathematica moAaroTaBIuBarOTCs
NURBS-11a0510HbI aHAIMTHYECKUX KPHUBBIX JBYX (hOPMATOB: (PUKCHPOBAHHBIE
NURBzS mabnoHel W  pemakTupyemble D-crurailHOBBIE KpUBBIE BBICOKOM
crenieau m (m=6/7/10).

4) Tloctpoennsie NURBS kpuBble BBICOKOTO KauecTBa MeEpealoTcs B
CAD-cucremsr.

5) Jdna oomena NURBS wmopemsimu wmexny CAD-cucremoit u
kommnonentom FairCurveModeler + Mathematica ucnons3yrorcss DXF-daiinbr.

Mathematica — muiardgopma nas npuxkaaanoii CAITP

Mathematica sBisercss wunmeanbHOM mIaTGopmMol aiust  pa3pabOTKU
npukiagabix CAIIP:

1) Mathematica oGecrnieunBaeT HEMOCPEACTBEHHBIH AOCTYI K 0a30BBIM
MaTeMaTuyeckuMm QyHKUUAM (Iud@epeHrpoBaHns, WHTETPUPOBAHUS U
peIIeHNsT MUHUMAKCHBIX 3a71a4 Ha CIUIAHHOBBIX KPHUBBIX M MMOBEPXHOCTSX).

2) [IlpemocTtaBisieT [OCTaTOYHO pa3BUTHIE CPEACTBA IMOCTPOCHUS
rpaduyeckoro uHTEepdeiica sl peann3anui HHTEPAKTUBHOTO PEIaKTUPOBAHHUS
CIUIAMHOBBIX KPUBBIX U TOBEPXHOCTEM.

3) OOGecneunBaeT BO3MOXKHOCTH OOMeHa wuWHMOpMAIME ¢ JIpyrumMu
npuioxeHusiMu (Hanpumep, ¢ Excel);

4) OGecreuynBaeT BO3MOXHOCTh Pa3pabOTKU MPUIOKEHHH (MTAKETOB) C
UCTIONIb30BaHUEM OYeHb YAOOHOTO BCTpOeHHOTO CH-TIOJOOHOTO  SI3BIKA

IPOrpaMMHUPOBAHUSL.
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5) IlpemocraBnser kommoHeHT  SystemModeler ans wuHXEHEPHOTO
aHanu3a M ONTHMM3alMM  MPOEKTHBIX  XapakTepUCTHK  HU3AEIUN  C
(GyHKIIMOHATLHBIMHA KPUBBIMH M TIOBEPXHOCTSIMH.

IlepBas Bepcust komnoHenTa FairCurveModeler + Mathematica

ABTOopamu  OblIa  MOATOTOBJIEHa  l-as  Bepcusi ~ KOMIIOHEHTa
FairCurveModeler + Mathematica “Modeling class F NURBS curves in the
integrated environment - CAD-system + web-app FairCurveModeler
+ Mathematica”. KomnonenT BiroueH B 6ubanorexy Wolfram Library Archive
(http://library.wolfram.com/infocenter/MathSource/8465/).

NMeHHO B omMcaHUU KOMITOHEHTa NEpBOM ObUT BIEPBbIE BBEACH TEPMUH
“kpuBble Kiacca F’ . B onncanuu paboThl KOMIIOHEHTA MPUBOJATCS ITPUMEPHI
CYILIECTBEHHOI'0 YJIYUYIIEHUS KaueCTBA CIUIAHOBBIX KPHUBBIX, IMOJTOTOBICHHBIX
B CAD-cucremax.

Yaydyumenuss KyOn4eckou b-cniiaiHOBOM KPHUBOM, IMOCTPOCHHOM IO
onpeaeJssOmuUM ToukaM B AutoCAD

B cpene AutoCAD pucyercs kyOuueckas CIUIailHOBasi KpuBas IO
OTpeeNsIIoNMM ToukaMm (pucyHok 1). Mogjens mnepenaercs B KOMIIOHEHT
FairCurveModeler + Mathematica, rie Beinonansercs ananu3 kauectsa NURBS-
ACKM3a M TOCTpOeHHE padUHUPOBAHHOW KpUBOU. BEITIONHSIETCS CpaBHEHUE

KauecTBa KPUBBIX (PUCYHOK 2).

BRG] 1 Krocomeconi Aoc2d_~]8] i s N =@ =

Pucynok 1. Kyouueckuit NURBS-3cku3, mocTpoeHHBIH 1O ONpeaessoum
TOYKA.
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Pucynok 2. CpaBHeHue rpacpHKOB KPUBU3HBI HAJl KpI/IBOI/I NURBS-3cku3a u
padunaupoBanHoit NURBS kpuBoii.

CpaBHeHHE MakKpOIapaMeTpOB ITOKA3BIBAET, YTO KOJMYECTBO BEPIIHUH
KpuBOH CHWKEHO OT 13 nmo 7! To ecTh pagukanbHO yCTpaHSETCS IyJIbCaLlUs
KpuBH3HBI. KOJIMYECTBO BEpIIMH MHUHUMAJIBHO U COOTBETCTBYET CTPYKTYpE
KPHUBOM, 3aJaHHOM ONIOPHBIMHU TOYKAMU.

CpaBHeHHE OCTaJbHBIX IapaMETPOB HE UMEET CMBICIIA, TAK KaK CTPYKTypa
MCXOJHOM KpUBOM BOOOIIE HE COOTBETCTBYET CTPYKTYpe KpUBOH, 3a1anHon 1O
BHJIa OIIOPHOM JIOMAHOM.

Yayuwmenue b-cnnaiinosout Kpueoii 7-oit cmenenu, HOCHPOCHHOU NO
onpeodenarwouum mouxam 6 Alias Design

B Alias Design umeercs TEXHOJOTHUS MOJEIMUPOBAHUS C TOMOIIBIO
YIPaBJISIONINX BEPIIUH S-TIOJIUTOHA D-CIJIaifHOBOW KPUBOW JOBOJIHO BBICOKHX
creneHeil. Ilpu pemakTUpPOBaHUM MOXKHO YCTAHOBUTH KOHTPOJIb TIpaduka
KPUBH3HBI W B HWHTEPAKTUBHOM PEXKHUME JOOUTHCA BHU3YaJIbHO XOPOIIETO
rpauka KpUBHU3HBI.

OnHako Tpu peasbHOM NPOECKTUPOBAHUM MOKET BO3HUKHYTH 3ajayda
MIOCTPOEHUSI KPUBOM Ha 3aJJaHHOM 3CKH3€ WJIH Ha JIMHUM U3MEPEHHBIX To4YeK. B
ATOM Ciy4yae MOArOHKAa KPUBOM K 3CKU3Y WM K MU3MEPEHHBIM TOYKAM MOXKET
IIPEACTABIIATH TOBOJBHO TPYAOEMKHUH IIPOLIECC.

B Alias Design umeercs mporeaypa MOCTPOSHHUS HA JIOMAHOM Y3JIOBBIX

touek (Edit Points) b-cmmaitHoBo#t kpuBol crenenu 5 wim 7. HemocraTkom
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JaHHOW  MpOLEAYphl  aNMpOKCHUMAllMd  SBJIAETCSA  HHU3KOE  KayeCTBO
arMnpoOKCUMUPYIOLIEN KPUBOIA.
B npennoxeHHoON TeXHOJIOTHUHM KpuBas, nmocTpoeHHas B Alias Design mo

OTIPENEIISIFOINUM TOYKaM (PUCYHOK 3), CYIICCTBEHHO yJydIlaeTcs (PUCYHOK 4).

e Edt Ocete Loyouts ObectDuplay WindowDisplay Layers Comves  Render  Arimston  Windows  Preferences  Lkites
B bjed | B[S coves for et O o Grve osvibirelocii R s sanle Bt

| @ 5lo 0 186w = ey

Pucynok 3. NURBS-3cku3 7-0#f cTeneHu, NOCTPOSHHBIHN MO ONpeaestONM
TOYKaM C OTOOpakeHHueM rpadrka KpUBH3HBI.

Deinte Loyos  ObjectOiplsy  WindowOsplsy Layes  Cavas  Render  Armaton  Wedows  Preferences  Ltktins  Meb.
8 oo o ot e o e e [ e e anone]

o o
o~ & 5lo 0 16w @M wlree e
Pucynok 4. CpaBHeHue rpa¢ukoB kpuBu3Hbl Hajl KpuBoit NURBS-acku3a u
padunupoBanHoit NURBS kpuBoii.

FairCurveModeler ynyumiaer Kka4ecTBO KPHBBIX, IOCTPOCHHBIX B
AutoCAD wunmu B Alias Design, HE TOJBKO NyTeM YCTpaHEHMs MYJIbCAllUU
KPUBHU3HBI HAa CETMEHTAaX KyOMYECKOW D-CrutailHOBOW KpWBOHM, HO M IyTEM
YMEHBUICHUS BapuUaldd KPUBU3HBI HAa KPUBOW B LEJIOM, YMEHBIICHHUS

KOJIMYCCTBAa BCPUINMH KpHBOﬁ, YMCHBUICHUWA HOTCHI.II/IEU'IBHOﬁ OHCPI'un b-
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CIUTAaiHOBOM KPHMBOI MpPOU3BOJILHOM cTeneHn. (CpaBHEHHE MaKpOIapaMeTpOB
MOKA3bIBAET, YTO YCTPAHEHA OCLHMUIALMS KPUBOU, KOJUYECTBO BEPIINH KPUBOU
cHmkeHo oT 11 no 6! To ecTh paaMKanbHO yCTPaHSETCS ITyJbCalisl KPUBU3HBI.
KomnuecTBO BEpmIMH MHUHUMAJIbHO U COOTBETCTBYET CTPYKTYpE KpHUBOM,
3aJJaHHOM OMIOPHBIMU TOYKAMM.

Ynyuwmenue b-cnnaiitnoeon kpueou 10-0it cmenenu, nocmpoennoii s-
noauzonom ¢ AutoCAD

ba3oBbIil METON MNOCTPOECHHSI KpPUBBIX BBICOKOro kadectBa B CAD-
CUCTEMAX — 3TO METOJ MpsAMoro 3ananud s-noaurona NURBS kpuBoit (pucyHok
5). 1 B aTOM ciy4yae mOpejIOoKEHHAs TEXHOJIOTUSI TMO3BOJISIET YIYYIIUTh

Ka4eCTBO M MOBBICHTH CKOPOCTh TIOCTPOCHUS KPUBOU (PUCYHOK 6).

¥ Wolfram Mathematica 5.0 - [Analysis the quality of the NURBS curves (TestZals 2 ):nb ]

[ File Edit Insert Format Cell Graphics Evalustion Palettes Window Help

i% NURBS_Packagem 2 Analysis the quality of the NURBS curves (Test2.xs 2).nb *
% Analysis the quality of the NURBS curves (Test2xls 1)nb * Wolfram Mathematica | PRODUCT TRIAL
‘Wolfram Mathematica | PRODUCT TRIAL TrsnVl - rezINT([6]]

TPaUkH S-ONMTOKa U gb-NOMMTOHa

. . TPaiKY S-NOMUTOHA 1 gb-nonuroHa
451 Print[Show[ (Graphies3D[(Blue, Line[CVs], Green, Line [GBP]

ListPointPlot3DICVs1}]] Inz45)= Print [Show [{Graphics3D[{Blue, Line[CVs], Green, Line[GBP], Red,
ListPointPlot3D[CVs]}1]

Output hom Above || Create Text Cell
Command Complete | Make Template

~ Basic Commands

A Typesetting

| |5 Vo |¥u ||
e |m @
R NI

oo | e | =] =S

U B a on aa
ins05)= nevE = Length [CvV] ; = e ——1 2
0= nCvt = Length[CVEVI]

Print["nove=", novt]: Joas | pars | Eie | mELe

Print["ncvt=", novt] ;
nevE=91

~ Help and Settings

©0 ® ¢[.]@m=z]o]e]*] TR
Pucynok 5. CpaBHenue kpuBbix B Mathematica.

¥ Wolfram Mathematica 8.0 - [Analysis the quality of the NURBS curves (Test2uds 2 ).nb *]
[[File Edit Inset Format Cell Graphics Evaluation Palettes Window Help
% NURBS_Packagem [=@] = [
# Analysis the quality of the NURBS curves (Test2uxls 1 )nb * # Analysis the quality of the NURBS curves (Test2.xls 2 )nb *
Wolfram Mathematica | PRODUCT TRIAL ‘Wolfram Mathematica | PRODUCT TRIAL
L DUICURIR IO (RO G RICHICUL S U ORIy 3). 1INABHOE HIMEHEHHE KDHBHIHSI =]y ([0~ | Donmenta
3). TNABHOE HIMEHEHHE KPUBHIHbI; . 4). MHHUMANEHOE KONMYECTBO KONMYECTBO BEDILMH KPUBOI (SKCTPEMYMOB KD IR ENE) EREAE
4). MVHUMAN5HOE KONMYECTBO KONNHECTBO BEPLLIMH KHBOI (SKCTPEMyM! 5). HenPEpLIBHOE M NABHOE KpYYEHHE MPOCTPAHCTEE HHLIX KOUELIX: a5 s F 7=
5). HenpepeIBHOE 1 MNABHOE KpYYeHite NPOCTPAHCTBEHHIX KDUBLI; 6). Manyio BapHALII0 KpHBI3HI (DEIHOCTE MEIKEY MEKCHMATIbHHIM H MAHMMAL 1)z )= @)= )=
6). Manyio BapHaLiio KpHBH3HbI (PASHOCTE MEXAY MKCHMATIbHBIM 1 Mij 7). MBNOE 3HaueHVIE NOTEHLMANEHOM SHEPTHH KpHBOM IEOBEOEEN
7). Manoe 3HadeHye noTeHLMansHol SHEprit KpuBoii Tab | Enter | TraditionalForm
6.1.Tpachnk KpUBU3HEI KaK (YHKLMA F (X) N0 ANnHe KpUBOH
6.1.Mpachuk KpUBHU3HBI Kak (yHKLUS F(X) N0 ANuHe KpUBO# Input from Above | Crasts Input Cell
s Print[ListLinePlot[Cveer]]; Oulput ko Above | Crasta Text Cal
Is4#4}= Print[ListLinePlot[CvtCr]]; Command Completa | Mate Templste
o0 A
Ho655 - ~ ! A\
boots ~ /N 00018 = ]\ ~ Basic Commands
o N/ \ A~ [N
e/ N\ / e o.0016 / \ / \ QST (|
/ Voo (< leslalalisl
/ \ / \ / \ E % o
foouaf/ \ / / -
/ AN \ RN \ el w2 Ve @
pooto \ \ / \
\ \ \ s lalalelzl=
\ o002 - \ SHBE RS
p.ovos \ N
. | hS g = || afm]m
pooos S0 o0 b0 M0 B 000 5500
L 0o lso, 000 200 o 30y B o | @ =
~ 6.2. I'padhmk KpNBH3HBI Hall KPMBOH - -
6.2. 'pachnk KpNBK3HLI Ha,l KPUBO (,) (: ,) {: - -
3 CvtGraD = GraphCurvature3D[intP, int2D, CvtVl, -0.1]; « 2
CVEGE3D = GraphCurvature3D[intP, int2D, Cvtvl, -0.11; @z | %= | o -
Infzzey=
nitrey= Jota | Feas | e | mELs
== Print[Show [{Graphics3D[{Blue, Line[intP], Green, Line[CVtGr3D]}
% In#i7}= Print[Show [ {Graphics3D[{Blue, Line[intP], Green, Line[Cvt( “ Help and Settings
I

@M1z o0 @] %] e
Pucynox 6. CpaBHenue rpaduxoB KpuBu3HbI Buia F(x).
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CpaBHEHHE MAaKpOIapaMETpPOB KPHUBBIX IIOKa3bIBAET YMEHBILIEHUE
KOJIMYECTBa BEpPUIMH KpHUBOW OT 6 10 4. 3HaueHUEe MOTEHUHUAIHLHON SHEPrUH
ymenpmmiioc ¢ 0.00782128 nmo 0.00777411. Bapuauuss KpHUBHU3HBI
ymenbsmiiack ¢ 0.00100825 no 0.0009308

Bropas Bepcus komnonenra FairCurveModeler + Mathematica

K nacrosmeMy BpeMEeHM NOATOTOBJIEHA 2-as BEpPCUS KOMIIOHEHTa. Bo 2-
oif Bepcuum mnporpamma FairCurveModeler peanm3oBaHa Kak BHEIIHSS
nporpamma  (FairCurveModeler.exe) mms  mokymentoB — Mathematica.
Pazpaboransl nmoxkymeHTel Mathematica ¢  WCMONB30BaHWEM  BHEIIHEH
nporpammbl  FairCurveModeler st MoaenupoBaHus / YIyYIICHHsS KPHUBBIX
nuHuii Ha ocHoBe NURBS-3cku30B, noarorosieHHbsix B CAD-cucreMax.

BoiBOABI

1) O6ocHOBaH U BBIpA0OTaH MEpPeUYeHb 0A30BBIX TPEeOOBAHUN K KAaUYECTBY
(yHKUMOHAJIBHBIX KpHUBBIX. BBeneHo mnoHsTHE “KpuBble Kiacca F7 s
0003HaueHus1 PYHKIIMOHATBHBIX KPUBBIX BHICOKOT'O KA4eCTBA.

2) IlpennoxxeHa TEXHOJIOTHSI MOAEIUPOBaHUS (DYHKIIMOHAIBHBIX KPUBBIX
kimacca F B wuHrerpupoBanHou cucreme “CAD-cucrema + NpHIIOKEHUE
FairCurveModeler + nokymenTsl Mathematica”

3) Paspabotanbl gokymeHThl Mathematica BcecTopoHHero aHaimza
kauectBa u peaaktupoBanusi NURBS kpuBbix, MoaenupoBaHusi / yaydiieHUs
KpuBbIX JUHMH Ha ocHoBe NURBS-ackuzoB, mnoarotoieHHbix B CAD-
CUCTEMAX.
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