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IIpenuciioBue

OyHKIIMOHATBHBIC KPUBBIC M TIOBEPXHOCTU HANPSIMYIO ONPEICIISIOT KCIUTyaTallHOHHbIC
XapaKTePUCTHKH MHOTUX TEXHHYECKUX U3ICIHA. DTO JOPOTOCTOSIINE M3/ICIHUs: CAMOJICTHI,
CyJia, aBTOMOOUIIN, TYpOUHBI, HACOCH I MHOTOE, MHOTOE JIPYTOC.

OyHKIIMOHATBHBIE KPUBBIC IOJDKHBI 00J1a/IaTh BRICOYAWIIMM KauecTBOM. [Ipexe
IUIABHOCTBIO: BBICOKHM TTOPSIKOM TIIaJAKOCTH, IJIABHOCTHIO H3MEHEHUSI KPUBU3HBI, MAJIBIM
3HAYEHHEM IOTCHIMAIBHOW YHEPTHH.

Jlaxxe mpocToe yiIydlieHue TeOMETPUH ITPU COXPAHEHHUHU TMPOYHX MAPAMETPOB CYIIECTBEHHO
yJAy4IIaeT 3KCIUTyaTallHOHHbBIC XapaKTEPUCTUKU H3ICIUH.

Hamu pa3paboTaHbl ”HHOBAIIMOHHBIC METOBI MOJICITUPOBAHUS KPUBBIX BBICOKOTO Ka4eCTBa.
OTH KPHUBBIC UICATLHO TOAXOIST JJIsl MOJCITUPOBaHMS ()YHKIIMOHAIBHBIX KPUBBIX U
nosepxHocteil. [loaTomy OblIM Ha3BaHBI KpUBBIMHU Kitacca F wmu mpocto F-kpuBbiMu. OT™METHM,
KpHBBIE KJacca F mpeBoCXoasT 1o Ka4ecTBY KpUBBIE Kitacca A.

OmnbIT IPOEKTUPOBAHUS U3JIENUH ¢ PYHKIIMOHATBHBIMU KPUBBIMH MTOKA3bIBAET, YTO IIPOCTOE
yJIy4IlIeHHEe TeOMETPUU TPUMEHEHNEM F-KPUBBIX B CYIIECTBYIOIINX KOHCTPYKIHUSAX MO3BOJISET
CYIIECTBEHHO YITYUIINTh SKCIUTyaTallHOHHBIC XapaKTePUCTUKY U3aenuid. be3 n3meHeHus
OCHOBHBIX [TapPaMETPOB KOHCTPYKIIHH!

B HacTosmee BpeMst METO/IbI BOLILTH B OTE€UYECTBEHHOE reomerpudeckoe siapo C3D B Bune
paszzaena C3D FairCurveModeler.

Ha ocunose C3D FairCurveModeler paspaborans npuioxenus CAITP (KOMITAC 3D,
nanoCAD / ZWCAD / BricsCAD / AutoCAD). IIpunosxenust uaterpupoBans ¢ Excel,
MathCAD, Mathematica.

[pennaraem ynukanbaoe Web-npunoxxenue Web FairCurveModeler, koropoe MoxHO
UCIIOJIb30BATh IS CYIIIECTBEHHOT'O YIIYUIIICHHS CILIAHOBBIX KPUBBIX U MIOBEPXHOCTEH KaK B
CAD-cuctemax (KOMITAC 3D, nanoCAD / ZWCAD / BricsCAD / AutoCAD) “cpenneit
pyku”, Tak u B “ronoBbix” NX u Catia. [Ipunoxxenue momoxer nusaitnepam B Rhino, Alias
Design u 1pyrux rpaguueckux makerax.

BHepstiiTe B IPOSKTHYIO ACATEILHOCTh HHHOBAIIMOHHBIN HHCTPYMEHT F€OMETPUYIECKOTO
moaenuposanus Web FairCurveModeler. U sto moxHO caenath HememieHHo. [Ipsmo ceiiyac,
nepeiias mo ccbuike Ha cait Spliner.ru nanee ‘WEB online modeling” u 3atem
Henocpeacteenno B ‘Web FairCurveModeler’.

PykoBOJCTBO 10 paboOTe ¢ MPHIOKEHUEM IOCTPOCHO B BHIE MOCIIEAOBATEIBHOCTH YPOKOB
yIYYIIeHUs CTTAlHOBBIX KPUBBIX B KOHKpeTHBIX CAD-cucremax. Beibepute B ornaBneHnn
ponuyto CAD-crucTeMy U yunTech co3/1aBaTh (pyHKIMOHATIBbHBIC KpUBbIC B HHTerparmu ¢ \Web
FairCurveModeler.

1. HarsisiaHasi reoMeTpusi CIJIAHOBBIX KPHUBBIX

st ocozHaHHOTO MoHMMaHus cyTu pabotel ¢ NURBS kpuBbIMU HET HEOOXOIUMOCTH
HOrpy’KaThCsl B aHANU3 (opMys U ypaBHeHUH. OHU pabOTaIOT B aITOPUTMAX IPOTPaMM U
paboTaroOT KOPPEKTHO.

Tak ke, Kak IpH e3/1e Ha aBTOMOOMIJIe BaM HET HEOOXOIMMOCTH 3HaTh UK KapHo u
npoydre TepMOAMHaMU4ecKre GopMyIbl. BbI TOMKHBI 3HAaTh, KaK BIMAET Ha CKOPOCTH Meallb
ra3a M Kak ¢ IOMOIIbIO pyJisl IOBOPAYNBaTh ABTOMOOHIIb.

[Ipennaraem HarJIAgHYIO TEOPHIO MOJIETUPOBAHUS KPUBBIX.

Wcxonnple qaHHbIe IS TOCTPOCHUS Wi reomeTpudeckue onpeaenutenu (I'O) kpusoii:

- ontopHas JjomaHas1. CrutaiiHOBast KpuBasi IPOXOJUT YEPE3 BEPIIMHBI OIOPHOM JoMaHoH. Ho
Y3JIOBBIE TOYKH MOTYT HE COBIA/IaTh C OTIOPHBIMH TOYKAMH.
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- KacaTenbHas JoMaHas. CritaifHOBast KpuBasi MPOXOIUT KacaTelIbHO K 3BEHbSM JIOMaHOM;

- 'O DOpwmura. 3amaeTcst ONOPHOM JIOMaHOM ¢ PUKCHPOBAHHBIMU BEKTOPAMH KacaTeIbHBIX U
BEKTOpaMH KPUBU3HBI B BEPLIMHAX.

Tak ke, Kak B TI0OOM IPOU3BOJICTBE KAYECTBO UCXOJHOTO ChIPhs BIMIET Ha KAYECTBO
KOHEYHOT'0 IPOAYKTa, Ka4eCTBO NCXOAHBIX ['O BiMseT Ha Ka4ecTBO (DYHKIIMOHAIBHBIX KPUBBIX.
[Tpu monenupoBanny GyHKIMOHANBHBIX KpuBbIX B FairCurveModeler TpeGyercst coboaath
oTpeieIeHHbIE TPaBUIIa TOCTPOeHUS UCXOIHBIX [O.

B cooTBeTcTBUY C ypOBHEM KadecTBa “UCXOJHOTO CBHIPbS” (POPMY JIOMAHBIX MOKHO
KJIacCH(UIUPOBATH CIEAYIOIIUM 00pa3oM:

- JJIOMaHbIe HEPETYISIPHON (HOpMBI;

- IOMaHbIe PEeTyIApHOI POpMBI,

- ToMaHbIie pahUHUPOBAHHON (HOPMBI.

Jlomanble HeperyasipHoii popmbl. [Tnnoo6pa3Hoit hopmMbl, camorniepeceueHre
TPEX3BEHHHUKOB, OCTPbIE YTJIbl Y CMEKHBIX 3BEHbEB, PE3KOE KPYUCHHE JJOMaHOH (HOpMaJH K
TJIOCKOCTSIM CMEKHBIX JBYX3BEHHHUKOB MPEBBIMIAIOT 45 TpagycoB).

EnuHCcTBEHHBIE OrpaHUYCHHUS:

-yroil Mely 3BeHbsiMu > 30;

-CMEXKHbIE BEPILHHBI HE JJOJHKHBI COBIAATh.

CucreMa OoCTPOUT KPUBBIE U HA 3TOM COPTE “ChIpbs’, HO 3TH KPUBBIC HE 00JIaal0T
KauecTBOM (DYHKITMOHAIbHBIX KPUBBIX.

Jlomanble peryasipuoii gopmbl. Y1iisl MKy 3BeHbsIMU > 90. [IpsiMonrHeHbIE y9acTKH
3a/1aF0TCSl BEpLUIMHAMMU, JIEKAIMMHU TOYHO Ha NIPSAMOM. JIOKaIbHO BBIMYKIIBIN y4aCTOK
OIIPEEIIAETCS HE MEHEE, YEM TPEMs TOUKAMHM.

Jlomanblie padgunupoBanHoi popmMbl. BepuinHbl Jo0MaHON pacnpeaensaTes mo
MOJICIIUPYEMOU KPUBOM € IMJIOTHOCTHIO MPONOPLIMOHATIBLHON KpUBU3HE KPUBOil. B cucteme ecth
YHHUKAJIbHAS OMIUS OJaronpUsaTHOTO MepepacipeiefeHs BEpIInH ToMaHoi. Hanpumep, mycthb
3aJ1aHa JJOMaHas Ha OKPY>KHOCTH C ITPOU3BOJIBHBIM PACIPENCIICHUEM BEPILIUH HA OKPYKHOCTH.
[Tocne nepepacnpeneneHus JoMaHasi IPEBPATUTCSA B PABHOCTOPOHHUI MHOTOYTOJIbHUK.

Heob6xoauMo ymydmaTe KauecTBO UCXOIHOTO ChIpbs. CieayiTe mpaBuiaM MOCTPOSHUS
perynsipHoit tomanoil. Padpunupyiite ucxomausie ['O. Ecth Bce onumu paduHupoBaHUS.
[ToMHUTE, BBI MPOEKTUPYETE TOPOTOCTOAIIEE U3ICTNE, IKCILTyaTalIHOHHBIE XapaKTEPUCTUKU
OTIPEICTIAIOTCS KaueCTBOM MOACTUPYEMBIX ()YHKIIMOHATBHBIX KPUBBIX.

CriaxxmBanue JjoMaHbIX. Vcnons3yrores nsa metoga. CriaaxuBaHue 1o “Kopuaopy” u
CriIaXkKMBaHUE “TIO CpEAHEN JTMHUM .

Onuus “criuakxuBaHue 1O KOPUAOPY UCHOIB3YETCS ISl YIYUIIEHUS TUIABHOCTH KPUBBIX.
KpuBas ynydmiaercs B 3aJaHHOM KOPUIOPE TOMYCTUMBIX OTKJIOHEHUM OT MCXOIHOM JIOMaHOM.
[To3BoJISIET CYIIECTBEHHO YIYULINTh KAUECTBO KPUBBIX.

Omnius criaakuBaHue “ro CpeaHeN JUHUKM X CTPOUT KPUBYIO, YKJIOHSIOIIYIOCS OT IJIOTHOTO
MaccHBa ‘‘3allyMIIEHHBIX Touek” (NOISY Points) ¢ HyaeBOM CyMMOI OTKJIOHCHUH.

MeTtpoJiornyeckasi onpeaejeHHOCTb. HeoOX0MMOCTh MOIENTUPOBAHUS KPUBBIX
JIOMaHBIMH PETYISAPHOH U padhUHUPOBAHHOMN (POPMBI - 3TO HE peKOMeHJalus. ITo TpeOOBaHHeE.
[TpoexTHpoBaHKE TOPOTOCTOSIIUX U3 ¢ (YHKIIMOHATIBLHON reoMeTpuelt — 3To He “game”.
Tonbko 0MaHbIe peryasipHoil pOPMBI TO3BOJISIOT 00ECIIEYUTh METPOJIOTHUECKYIO
OIPEAEIEHHOCTh MOJIENN KPUBOW Ha BCEX ATANAX MPOEKTUPOBAHUS U IIPOU3BOJCTBA U3AEIUS.



Takyto jxe METPOJIOrHYECKYIO ONPEeNIEHHOCTb, KAK TEOPETUYECKUE YEPTEIKU COBETCKUX
apXHUBOB.

Otal reoMeTpUYECKOro MOAEIMPOBAHUS JOJDKEH 3aBepLIaThCsl HUPPOBBIM
TeoperndeckuM ueptesxom (L[TH). Umenno [[TY obecrieunBacT METPOJIOTHIECKYIO
oTpeeIeHHOCTh (KOHTPOJIb TOUHOCTH U KayecTBa T€OMETPUH U3ENUs Ha BCeX ATamax
MPOEKTUPOBAHUS U TPOU3BOJICTBA).

Cospemennbiii LITY momken ObiTh npeactasieH 'O perynspHoi uin padhuHUPOBAHHOMN
KOH(UTYpaluy ¢ yKa3aHUEM Y4aCTKOB MOHOTOHHOW KPUBHU3HBI + YTBEPIKICHHBII METO/
nzoreomerpuueckoro BoccranosiieHus NURBS kpusoii. [[TY moimkeH ObITH TOCTYIIEH Ha BCEX
JTarnax MpoeKTHUPOBaHUS U MPou3BojicTBa. Kak “30510T0# sTason”. To ecTh obecnieunBaTh
uzoreomeTpuyHocTh I pona. M3oreomerpuunocts | poga Heo6XoauMoe CBOMCTBO st
MeTpoJiornueckoi onpeaeneHHoctd B CALS-TexHom0ruu.

Jlro6as mpou3BoAHAS FreOMETpUUECKas MOJIEb (HapuMep, B BUE MOJIUTOHATLHOM MOIETH
HAa JTare CUMYJISIIUOHHBIX UCIBITAHUIN) TOJIKHA COOTBETCTBOBATH ‘“30JI0TOMY 3TaJOHY  C
3aJJaHHOM TOYHOCTHIO Ha MOJIOKeHHE U MU (hepeHITnaTbHbIE XapaKTEPUCTUKY.

st LITY obs3areneH ny0oaupyronmii OyMakHBIN TOKYMEHT. DTO jKeCTKast He00X0IMMOCTh
U3-3a YSA3BUMOCTH HU(PPOBBIX HOCHTENEH OT 3JI0HAMEPEHHOTO / CITy4aifHOTO UCKAKCHUS HITH
YHUYTOKCHUS.

bymaxusiit nokymenT L{TY momkeH conepkarh TaOIUIly KOOPIUHAT TOYCK JIUIsl KOHTPOJIS
TOYHOCTH + [KOOPJIMHATHI KacaTeJIbHbIX BEKTOPOB U BEKTOPOB KpHBH3HBI| B Buje ['O Dpmura 2-
r'o TOpSIJIKA.

KoyinyecTBO TOUEK ¥ TOUHOCTH TPEACTABICHUS KOOPIUHAT JOJDKHBI OBITh JOCTATOYHBI JJIsI
npsiMmoro uzoreomerpuuHoro (Il pojga) U TOYHOTO BOCCTaHOBIICHUS KPUBO#H / TOBEPXHOCTH
CTaHJAPTHBIM YTBEPKJICHHBIM METOIOM.

B xadecTBe yTBEpKICHHOTO METOa MOKHO MIPHUHATH METOJI TIpsiMoii anmpokcumMaruu ['O
Opwmura npunoxenus: FairCurveModeler.

NURBS-kpusas (Non Uniform Rational B-Spline). CranagaptHoe npencraBieHue
kpuBbIx B CAIIP. OgHO3HAYHO ONIPEeNsieTCs CTENEHbIO, YITPABISIOMIUM ITOJTUTOHOM,
3HAYCHHUSMHU BECOB B BEpIIMHAX MTOJUTOHA, TAPAMETPHUECKON CETKON (MITM BEKTOPOM Y3JIOB).

B cucreme FairCurveModeler ucnonbssyrores nea Buna NURBS kpuBbIX — paninoHaibHast
B-crutaiinoBast kpuBast v panmoHanbHas crutaitHoBast kpuBast besbe (NURBZS xpuBas).

HeobxonuMo paznuvath pealibHyI0 crutaiiHoByro kpuByio besne (NURBzS) ot
reoMeTpuueckoi craitnoBoii kpuBoit beabe (GNURBZS). PeanbHo crutaiinoBast kpuBasi besbe
SBIISIETCSA IPOCTO (popMaToOM IpeacTaBieHus B-crualitHoBO# KpHUBOA.

B cucreme FairCurveModeler moxxHo npeobpa3zoBats Gpopmar B-craiiHoBol KpuBOit Ha
dopmar NURBZzS xpusoii. 1, Hao6opoT, popmar peanbHoii crnaiinoBoit NURBZS kpuBoit Ha
dbopmat B-craitHOBO# KpUBOIA.

['eomerpuueckas crutaiinoBas kpuBas besbe GNURBZS crpoutcs na I'O Dpmura u
SBIISIETCA JIOKAIBbHBIM cIutaifHOM. To ecTh H3MeHeHue oTAeNbHbIX TapameTpoB ['O Dpmura
BJIMsET Ha (hopMy crutaifHa JJoKalbHO. B oTiinume ot rmobansHoi B-crutaitHOBO# KpuBOiA,
IIOCTPOEHHO! Ha ONOPHOU JIoMaHOW. MI3MeHeHne KOOpAMHAT BEPILIUHBI OIIOPHOU JIOMaHOU
BJIMsIET Ha (hopMy I7T0OANBHOTO CIUIaliHA B LIETIOM.

[Tpeo6pazoBats GNURBZS B B-crumaiiHoByt0 KpUBYIO T€OMETPHUUYECKH TOUHO HEBO3MOXKHO.

VYnpasmsromuii monuron B-criaitHOBOW KpHBOH HAa3bIBACTCS S-TIOJIUTOHOM. S-TIOJHTOH
MOYKET UCTIOIB30BaThCs B KauecTBe 'O KpUBO. S-1TOIMTOH ymoOeH /sl pelakTUPOBaHUS YKe
MIOCTPOCHHOH B-cruraliHoBO# KpHUBOii. S-TIOJIHUTOH, TPU HEKOTOPHIX OTPAHUYCHUSX, OTHO3HAYHO
onpenensieT GopMy KPUBOM.



S-moMroH MoKeT ObITh IIpeacTaBicH B 3akpeiToM (Clamped) nim otkperrom (float)
dopmare. OTKpBITHIN popMaT y1o0eH sl pelaKTUPOBAHMS 3aMKHYTHIX CIUIAHOB U JIJIst
KOHTPOJISI KAUeCTBA M PEIAKTUPOBAHHUS KOHIICBBIX Y4aCTKOB HE3aMKHYTBIX CILTAHOB.

NURBZS kpuBas coctout u3 cermeHToB KpuBbIX besne. OTnenbHas kpuBas besbe
onpezensercs B-nomuronom. [locnenosarenbHocts B-nonuronos crutaiina besbe npeacrapiser
0606miennsbii (General) GB-moauros.

OTtnenbHyI0 KpUBYIO be3be MOKHO paccMaTpuBaTh Kak OJTHOCErMEHTHYIO B-critaitHoBYr0
KpuBYI0. B-monuron cosnagaer ¢ S-nmoauronom B 3akpsiToM popmare. B cucreme
FairCurveModeler moxHo nepeiitu ot B-nonurona kpuBoit be3be kK S-moaurony B OTKphITOM
¢dopmare ogHOCErMEeHTHOH B-crutaliHoBO# KpHUBOil. DTa ONIMS UCHOIB3YETCS MPH MOCTPOCHUU
COIPSIKEHHUI.

BupryansHas kpusas (V-kpuBas). He umeer aHamuTrueckoro BeipakeHusi. CTpouTcst
aIrOpUTMUYECKH Ha Bcex Bunax ['O. B mpenene anropuTMU9IecKoro moCTPOCHUS IPUHAIICIKUT
kpuBoii knacca C°. V-kpuBast 0611a1aeT pAI0M 3aMedaTeIbHbIX CBOMCTB:

- U3oreoMeTpuyuHa UcxoaHbM ['O;

- UHBapUAHTHA OTHOCUTENILHO ad)(hUHHBIX TPeoOpPa30BaHUN;

- TCOMETPHYCCKU TOYHO MOJICIHPYET KOHUYECKHE KPUBBIC;

- 00ajaeT MaJIoi MOTEHIIUAILHOW YHEPTUECH.

B cucteme Web FairCurveModeler V-kpuBast anmpoKCUMHUPYETCS ocpeacTBom B-
crutaitHoBoM KpuBoit crenierert 4/6/8/10 nmu GNURBZS kpuBbIMU ¢ cCOXpaHEHHEM 0a30BBIX
CBOMCTB V-KpHUBOW.

bnaromaps BeicokoMy kauecTBY V-kpuBoi u annpokcumupyrommx ee NURBS kpusbix, 3t
KPHUBBIE HJICATHHO MOIXOASAT ISl MOACTUPOBaHHS ()YHKIIMOHATBHBIX KpUBBIX. [ToaTOMY 3TH
KpHBbIC Ha3BaHbI KpuBbIMHU Kitacca F wimu F-xpusbiMu (Functional Curves).

CootBercTBeHHO, F-KpuBas B opmare B-crutaitHoBoi kpuBoi Ha3biBaeTcsi FB-crutaiinoBoi
KpuBoil unu FB-kpuBoii.

F-kpuBas B popmare NURBZS kpuBoit HazbiBaercss FNURBZS kpusoit nnu FBz-kpuBoii.

2. IlporpammblI

ABTopamu pazpabotan nporpaMmmuo-meroanueckuit komiuieke (IIMK) FairCurveModeler
JUIS. MOJIETTUPOBaHMS! (DYHKIIMOHAIBHBIX KPUBBIX.

[IMK FairCurveModeler anantupoBaH 1 BHeApeH B reomerpuueckoe sapo C3D B Bue
pasznena C3D FairCurveModeler.

Ha ocnose ¢ynkimonana [IMK/C3D FairCurveModeler pa3pabotanbl yHHBEpCAIbHBIC H
cniennanuszupoBannbie puioxkeHus: CAD-cuctem (KOMITAC 3D, nanoCAD / ZWCAD /
AutoCAD), marematnueckux cuctem (MathCAD / Mathematica / Wolfram Cloud), pa3zpadoTtano
npuioxenue Excel, Web npunoxenue.

®unocodus [IMK FairCurveModeler mocTpoena Ha TEOpHH UCUUCIICHUS TAPAMETPOB
COBETCKOM LIKOJIBI IPUKIIAIHON reoMeTpun. MIcXoaHble JaHHBIE U1 TOCTPOEHUS WU
pEeIaKTUPOBAHUS KPUBBIX MPEACTABISAIOTCA B BUJIe reomeTpuueckux onpenenureneit (I'O).

[Tpunoxenus FairCurveModeler npeana3sHadeHsl sl T€OMETPUUYECKOTO MOIETUPOBAHUS
u3JIenuii ¢ QYHKIIMOHAIbHBIMU KPUBBIMH U MTOBEPXHOCTAMHU. [ 'eomeTpruyeckue napaMeTpbl



(GyHKIIMOHAIBHBIX TTOBEPXHOCTEH ABIAIOTCS OMPEACIIAIOMUMU A1 (YHKIIMOHATIBHBIX
XapaKTEPUCTHK MPOEKTUPYEMOTO 0OBEKTA B LIETOM.

Mertoas! FairCurveModeler oTBeuatoT cienyromumM 6a30BbIM TPEOOBaHUSAM K METOJIaM
MOJICTTPOBAHUS (YHKITMOHATBHBIX KPUBBIX:

- I3oreoMeTpuIHOCTD MOCTPOSHUS (MU U30TeoOMeTpuIHOCTH |l poa);

- Boicokoe kauecTBO 10 KpUTEPHUSM IUIABHOCTH;

- Manoe 3HaueHue NOTEHIMAIBHONW SHEPTUH.

[Tpumenenue meronos FairCurveModeler mo3BosieT MOMy4nUTh KPUBBIE BBICOYAMIIIETO
KayecTBa: BBICOKOTO MOPSAKA IIaJAKOCTH (10 9-T0 mopsaKa), ¢ MUHUMAJIbHBIM KOJIMYECTBOM
9KCTPEMYMOB KPUBU3HBI, C TUIABHBIM H3MEHEHUEM KPUBHU3HBI C OTPAaHUUEHHOW BapHUaliei u ¢
OTPaHHYEHUEM Ha CKOPOCTh U3MEHEHUSI, C IJIABHBIM KPy4E€HUEM MTPOCTPAHCTBEHHOW KPUBOH.

OcnoBoii FairCurveModeler sBAsIFOTCS MNHHOBAITMOHHBIA METO/ MTOCTPOSHHS T.H.
BUpTyanbHOI kpuBoii (V-kpuBoit) knacca C°. V-kpussie as Bkimodenus B CAIIP
annpoxcumupytotcs nocpeactsoMm NURBS kpuBbix: B-crimaifHOBBIMU KPUBBIMH BBICOKHX
crenieredt m, (M = 4/6/8/10) unu paMoHAILHBIMA KyOMYECKHMH CIUTAHHOBBIMU KpUBBIME be3be
(NURBZzS kpussiMu). Kpusie, mocrpoennsie B FairCurveModeler Ha ocHOBe V-KpUBBIX, ObLTH
Ha3BaHbI KpUBBIMU Kiacca F unu F-kpussiMu. F-kpuBsie npeactaBiennbie B-crimaiitHoBbIMU
KpUBbIMU Ha30BeM FB-crnaiinoBsiMu kpuBbiMU Wi FB-kpuBbsiMu. F-kpuBble, peacTaBiieHHbIE
crutaitHoBbIMH KpuBBIMHU beswe, HazoBem FNURBZS xpuBbivu nimm FBz-xpuBbimu.

HunoBannoHHbIi MeTo1 mocTpoeHus B-crmaitnoBoit noBepxuoctu B FairCurveModeler
OCHOBaH Ha KapKacCHO-KMHEMaTH4YeCKOM CIoco0e. AJIrOpUTM MOCTPOCHUS COCTOUT U3 JIBYX
JTaroB:

- [TocTpoenne kapkaca oOpa3yrommx FB-KpUBBIX Ha CTPOKAX CETH TOYCK;

- [TocTpoenne HampapisrOmMUX FB-KpUBBIX Ha CTOJIOIAX CETH S-TIOJIUTOHOB 00Pa3YIOIIMX
FB-kpuBbIX.

bnaromaps ucnons3oBanuio F-KpuBbIX, 00€CIIEYNBAETCS BHICOKOE Ka4eCTBO F-ITOBEPXHOCTH.

3. I'ne nyxub1 F-kpubie n F-moBepxnoctn ot FairCurveModeler:

1). Ilpoduns kpbuta camosneTa / mpo@uiib JONATKKU TypOUHBI / MpopUIb BUHTA U Kpblia
BIUUTA nomxHbI co3aBaTh NOABEMHYIO CHILY IIPU MUHUMAJIBHOM JIOOOBOM COIIPOTUBJICHHH.
[IpenyoxenHbie TEXHUKU MOJIETUPOBaHUS HA OCHOBE MeTo1a Abbott’a, HO ¢ TpUMeHeHUEeM
KpUBBIX KJacca F, m03BOJIAIOT CYIIECTBEHHO YIYYILIUTh a3pOIMHAMUYECKUE XapaKTEePUCTUKN
cranaapTabix npoduiieit LIAI'U, NACA u npodueii sonatox TypOUH U KOMIIPECCOPOB.
CpaBHMTENBHOE TECTUPOBAHUE UCXOAHBIX IPOQUICH U yTydlIeHHbIX TpoduiIel B cuctemMe
FlowVision noka3pIBaeT 3HaYUTEIIbHOE MOBBIIIEHUE a3POIMHAMHUYECKOTO KayecTBa
YIY4LIEHHBIX MPOPUIIEH.

s v et | s | B e B O sen ) ASKEH T

2). Tpacca noporu AomkHaA 00ecredynBaTh KOM(POPTHYIO OE30MaCHYIO €31y Ha
TPAHCIIOPTHOM CPEJICTBE, ITO3TOMY HEOOXOIUMO TOOMBATHCS MAaKCHMATBLHOW MJIABHOCTH TPACCHI



MIpH 3aJ]laHHBIX orpaHnueHusx. YHukaapHble GyHkiun C3D FairCurveModeler moctpoenust
KPUBBIX Ha KacaTelbHOM TOMaHOH TO3BOJISIOT MPOSKTUPOBATH TPACCY TOPOTH, 33JaHHYIO
JIOMaHOU TCOAOJHUTHBIX XOA0B, C BBICOKHMM Ka4€CTBOM IIJIAaBHOCTH U C MHHHMHSaI_[PIeﬁ
MOTEHIMATHLHON SHEPTHH.

3). Ilpoduns kynauka onpeaenser nepeMelieHre ToNKaTelNs ¢ KJIamaHoM Al o0ecreueHus
HEO0OXOAMMOT0 3aKOHA ra3opacipeieseHus, TO3TOMY MPU €ro KOHCTPYUPOBAHUHU
pEKOMEH TyeTCs TOOUBAThCs OE3yapHOTo IJIABHOTO JIBHKEHUS KilamaHa. [IpemiokeHHbIe
TEXHHUKU MOJICIIMPOBAHMS B PUIIOKCHHUH MTO3BOJITFOT 00ECIICYUTh TIIaIKOCTh 9-ro mopsaka!
MHTErPAJIbHON KPUBOM C TOYHBIMH JAYraMH OKPYHOCTEH BEPXHETO U HMXKHETO “‘BBICTOA .

[lepexoanblii yuacTok Mexay ydactkamu BeicTos B Buae NURBZzS kpuBoii 8-oii ctenenu.
OOGecnieunBaeTcs 7-0 MOPSAOK TIATKOCTH.

4). Cpeayt pyHKIIMOHAIBHBIX KPUBBIX MOXHO BBIJIEITUTh MOJIKIACC HHKEHEPHBIX
AQHAJTUTUYECKUX KPHUBBIX, KOTOPbIE €AMHCTBEHHBIM ONTHMAJIBHBIM 00pa3oM 00eCeynBaroT
MPOEKTHYIO XapaKTePUCTUKY 00beKkTa. K TakuM KpHUBBIM, HalIpUMep, MOKHO OTHECTH
ABOJIBBEHTY OKPY>KHOCTH, UCIIOJIB3YEMYIO JUIsl IOCTPOEHUS Mpoduiist 3yObeB 3y0uaToro Kojieca,
a TaKke OPaxUCTOXPOHY — KPUBYIO HAMCKOPEHIIEro CIycKa JJIsl TPaHCIOPTUPOBKH MPEAMETOB.
LlentHast TMHUS, UCTIONB3yeMast JIJIsl MOICITHPOBAHMUS IOBEPXHOCTH KYITOJIa MITH BHCSTYCH
KOHCTPYKIIUH, a TAK)Ke KJIOTOM/1a, UCTIOTb3yeMas JIIsl KOHCTPYHPOBAHUS y4aCTKOB BUpaka C
JMHEWHBIM N3MEHEHNEM IIEHTPOOCKHOHN CHJIBI, HAUWHAS C HYJISl, — BCE 3TO TOXKE MPUMEPHI
WH)KEHEPHBIX aHATUTUICCKUX KPUBBIX. [IpeiokeHHbIe TEXHUKH allPOKCUMAIIAN B
MPUJIOKEHUH TI03BOJISIOT U30I€OMETPUUECKH (C coxpaHeHHeM (pOpMbI U 0a30BBIX CBOMCTB)
anMpOKCUMHUPOBATh AHAJTUTUYECKUE KPHUBBIE.
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Anmpokcumanus B-crimalinoBoit kpuBo# ctenenu 8 Touek npumutuBa Helix AutoCAD.
WneanpHbIC S1I0pa KPUBU3HBI M 3BOJIIOTAa B-CcritaitHOBOM KpHBO# (ITOKa3aHbI KPACHBIM

BeToM). DBoitoTa mratHoro npumutuBa _Helix AutoCAD noka3zaHa CHHUM LIBETOM.

5). B mpombIlsIeHHOM JIM3aiiHe / B MH)KEHEPHBIX 33/1a4ax 4acTo TpeOyeTcs HOCTpOeHHE
KPHUBBIX C MOHOTOHHOM KpUBU3HOM. KpoMe KoMana anmpoKkcuManuu GUKCUPOBAHHBIX

AHAIIUTUYCCKUX KPUBBIX B MIPHJIOKCHUHU MOYKHO HUCII0JIb30BATh TPHU AOIMOJIHUTCIIbHBIC KOMAaH/bL
IMOCTPOCHUSA SCTCTUICCKHUX KPUBBIX:

- HAYAJILHOT'O YYacTKa KJIOTOM/IBI C 3aJaHUEM JUTHHBI i KOHEYHOU KPUBU3HEI;
|

- CeKTpUChl MakJIopeHa — y4yacTKa KpUBOM C MOHOTOHHOM KPUBU3HOM, 3aJaHHOTO
CONPUKACAIOLIUMCS TPEYTOJIbHUKOM;

- y4acTka B-crimalilHOBOM KpUBOM ¢ MOHOTOHHOM KPUBU3HOW ITyTEM I'€HEPALIMH BEPIIUH

OTKPBITOI'O S-mmomurona c 3aJaHHbIM KOB(I)(l)I/ILII/IeHTOM YAJIMHCHUS 3BCHBCB U (I)I/IKCI/IpOBaHHLIM
YIJIOM MEXKAY 3BCHbAMU.

VYyactok B-crinaitHoBo# kpuBoii 4-0if CTETIEHN ¢ MOHOTOHHOM KpUBH3HOMU (KO3 PHUIIHEHT
yanuHeHus 2, yroa 90 rpanycos).



3ameHa B CTaHAAPTHOW KOHCTPYKIIMH TITyra HAIIPaBJISIONIEH KpUBOW BH 1A TTapabOoJIbI

00paboTKH.

MOCpCACTBOM YyJAaCTKa KIIOTOUJBI C TCMH KC MaKpOIlapaMCTpaMH 1MO3BOJIMJIA TOJTYUYUTh
HOTpSIC&IOH_II/If/'I PE3yibTaT: HOBBICUIIOCH KAYCCTBO BCIIAIIKN U YMCHBIINIIACHh SHCPIrOCMKOCTb

e

6). B peBepcMBHOM MHXKUHUPUHTE BOSHUKAET MMPOOIeMa alpoOKCUMAallUK KPUBOiL, 3aTaHHOM

MacCCHUBOM ‘‘3alllyMJIEHHBIX TOYEK. TouHas MHTEepHOJIALMS NIPUBOJUT K KPUBOM C OCHMIUISILINEI
kpuBu3Hbl. Komanel FairCurveModeler mocTpoeHus CriaXuBaroinX KPUBBIX PEIIaOT TaHHYO
npobiiemy.

WcxoaHas KpuBas Ha M3MEPEHHbBIX TOUKaxX (HaBepxy). YydiieHHas KpuBast (BHHU3Y).
4. Ias xoro cucrema Web FairCurveModeler?

[Ipexne Bcero, npunoxenus FairCurveModeler npenaraercst nonb3oBaresnsM T.H.
“ronoBbix” CAD-cuctem (NX, Catia), mpon3BoauTe I KOTOPHIX JACKIAPUPYIOT BO3MOKHOCTD
MOJICITMPOBAHMS KPUBBIX JIMHUH U TIOBEPXHOCTEH BHICOKOTO Ka4yeCcTBa. DTHM IMOJIB30BATEISIM
NeMCTBUTENFHO HYXHBI ()YHKIIMU MOICITUPOBAHUS KPUBBIX JIMHUN M IIOBEPXHOCTEH BBICOKOTO

kauecTBa. M Takyto G yHKIIMOHABHOCTD, HO 00€CIIEYUBAIOIIYIO 00JIE€ BBICOKOE KaueCTBO

KPHBBIX M IOBEPXHOCTEH, OHU HaiinyT B mpuioxenun FairCurveModeler (See curves comparison
FairCurveModeler vs NX and 'Alias Design Studio') and (see comparison of surfaces
FairCurveModeler vs NX, Rhinoceros 3D and Alias Design Studio)

Bropas rpynna nosis3oBaTenieil, KOTOPbIM HyHa (YHKIIMOHATbHOCTh MPUIIOKEHUIN

FairCurveModeler, - 3710 mosb30BaTeH, KOTOPbIE 00XOAITCS B IPOSKTUPOBAHUY CTAHIAPTHBIMHU
marmuHoctpouteabHbiMH CAD-cucremamu (KOCITAC 3D, ZWCAD, BricsCAD, AutoCAD,


http://spliner.ru/HELP_RU/FCM_vs_.pdf
http://spliner.ru/HELP_RU/FCM_vs_.pdf
http://spliner.ru/HELP_RU/FCM_Surf_vs_NX.pdf
http://spliner.ru/HELP_RU/FCM_Surf_vs_NX.pdf

nanoCAD), HO KOTOpBIE XOTEJI OBl YITYUIIHTh TOTPEOUTEIHCKHNE CBONCTBA MMPOCKTUPYEMBIX
I/ISI[CJII/II\/'I BBICOKOKAQYE€CTBCHHBIMU I10 (I)YHKI_II/IOHEUIBHOCTI/I N 3CTCTUKC I'COMCTPHUICCKUMU

dopmamu (see the examples of analyzis and of improving primitive _Helix in ZWCAD).

Tpetbs rpynmna - nmoab3oBarenu rpadpudeckux maketoB (Hanpumep, Corel Draw) u
aHMMAaIMOHHBIX porpamM (Hampumep, 3D MAX Studio) - nu3aitHepbl, XyJI0)KHUKH, Web-
JM3aiiHEePBI, reiiMepbl, aHUMATOPbI, KOTOPHIM HY)KHO HAPHCOBATH IMMPOCTO KPACUBYIO JTMHHIO,
KPaCHBYIO IIOBEPXHOCTh C UCTIOJIb30BAaHUEM YIOOHBIX, HATJISHBIX M TOYHBIX BHJIOB
reoMeTprueckux onpeaenutenei (see the examples of modeling and editing curves in the

application).

Mouemy Web FairCurv Modeler

Cucrema Web FairCurveModeler ve mst MoearpoBaHust KPaCUBBIX JIMHUIA.

Cucrema Web FairCurveModeler mist MmoaenupoBanust yHKIIMOHATBLHON FreOMETPUH
POEKTUPYEMBIX U3/ICITHIA.

Bceraa noMuuTe — KauecTBO (PYHKIIMOHAIBHBIX KPUBBIX OIPEIENIIeT Ka4eCTBO BaIIUX
15631 (117178

Web FairCurveModeler mocryren 11060My KOHCTPYKTOPY M3 JIFO00H TOUYKH 36MHOTO IIapa
U B J11000€ BpeMsl.

5. Perucrpanus B Web FairCurveModeler
3axoaum Ha caidT Spliner.ru

B Mmenro caiita


http://spliner.ru/HELP_RU/Support/14a_Analz_Helix_ZWCAD.mp4
http://spliner.ru/HELP_RU/Support/14b_Improve_Helix_ZWCAD_Bz.mp4
http://spliner.ru/HELP_RU/Help_Ru.html#screensinfo
http://spliner.ru/HELP_RU/Help_Ru.html#screensinfo
http://spliner.ru/

H MeHIo caidTa

» WEB online madeling

» WEB Lessons Impoving Curves
> WEB Lessons Impoving Surfes

» FairCurveModeler app (ZWCAD/
BricsCAD/AutoCAD)

*+ FairCurveModeler npunoxenue
(ZWCAD/BricsCAD/AutoCAD)

> 0byyeHne KOMIMAC IPADUK

» FairCurveModeler 2D
npunoxeHue KOMIMAC NPATUEK

+ FairCurveModeler 3D
npunoxeHne KOMMAC 3D

+ 0Dy4eHwe FairCurveModeler 3D
KOMIAC 3D

> How to get programs

> KakK nony4ure NporpaMmMHbie
NpoayKTbl

+ Using in Specialized
Applications / MpUMEHEHWE B
npuKknagHbix CATP

» Library of apps and articles /
BrbNMoTeKa NPUIOHKEHWIA K
cTaTen

» YouTube
+ Guest book / MNocreBan KHWra

» About the developers / O
paspaboTyMKax

+ MNpuKnagHaa OMbnuoTeka
FairCurveModeler KOMIMAC

HaxxumaeM Ha ctpoky WEB online modeling.

Ilepexoaum Ha CTpaHUIly OHJIAIH MOAEITUPOBAHUS

Main Page

‘ Help | YouTube | Theory |
Instructions and Messages: | Clear

Set Your Email and UserId to login or register by
clicking the [Register]

Login to work in the Created Folder
set Your E-Mail: | |

set Your Userld: | ‘ on:E.rm entering params

Register your account in "WebFairCurveModeler'

To work with web FairCurveModeler .
Jliz pabotst ¢ web FairCurveModeler.

Online modeling
Web FairCurveModeler

You can model and edit curves and surfaces of high quality on criteria of smoothness.
BaI MOMETE MOASTHPOBATE H PEIAKTHPOBATE KPHEEIE THHHHE H NOBSPXHOCTH BBEICOKOTO Kadec]



http://spliner.ru/#section2.11

Ecnu y Bac yke €CTb aKKayHT, TO JJOTUPYUTECh U HAJKMUTE KHOIIKY

Online modeling
| Web FairCurveModeler |

N nepeiinere Ha ctpanuiy Mento CtpaHull.

I[1pu epBOM BXOJI€ MEpeiiieTe Ha CTPAHKILy PETUCTPAIHH.
Haxxmute kHOnKy ‘Register’

Register your account in "WebFairCurveModeler'

To work with web FairCurveModeler .

'\

Jia padorst ¢ web FairCurveModeler

[Tepexoaum Ha ctpanuily peructpanuu Register3D.

Fair

Curve
Model, A
Register3D
License Agreement
@1 agree

O1 do not agree

Instructions and Messages | Clear || Help

Read the License Agreement and then register

Login Your Personal Accaunt
set Your B-Mail: | |
set Your UserID: |

repeat Userld: | | C onfirm entered params

Download the Code of Activation
| to Download the Code Activation ‘

Transfer to Main Page for modeling by Web FairCurveModeler

to Main page

B ‘License Agreement’ nmaiite coriaacue ¢ COACPKMUMBIM JTHIIEH3MOHHOTO COTJIAIICHHS:

License Agreement
® 1 agree
O1 do not agree

BBenute B COOTBETCTBYIOIIME OIS aApec MOYTHI U ABAK/BI Balll HICHTU(UKATOD / TApOIb
noas3oBaresst (Userld). 3anomuute Userld. Haxxmure OK.

Ecnu Bce OK, 3naunT Barn akkayHT Userld co3man. Haxxmure kHonky [to Main page]

Transfer to Main Page for modeling by Web FairCurveModeler

Be1 nepeiinere B Menro WebFairCurveModeler3D:



| Help | YouTube | Theory |

WebFairCurveModeler3D

Instructions and Messages: | Clear |

= Trial
2 days

License
Used =

Work in the Created Folder

Modeling Curve on Pages:
| Polyline3D |to Create and
Edit Curve on Base
Polyline

| Tangent3D | to Create and

Modeling Surfaces on Pages:
| BSurface3D |to Create B-
Surface on 3D Mesh

| BZSurface3D |to Create
BZ-Surface on 3D Mesh

Transferrings
| to Main Page [to Main Page

Edit Curve on Tangent
DPolyline

| Hermite3D |to Create and
Edit Curve on Hermite
Scheme with fairing

| NURBzS3D | to Edit Curve
on GB-polygon of Bezier
Spline Curve

| NURBS3D |to Edit Curve
on S-polyvgon of B-Spline
Curve

I[anee BBITIOJIHUTEC CJICAYIOHIUC YPOKH.

6. Yaydienne KpuBbIX

[MockonbKy A5t MOJIETUPOBaHUS (DYHKIIMOHAIBHBIX KPHUBBIX HHKCHEPHI UCTIOIB3YIOT
crangaptabie CAITP (KOMITAC 3D / nanoCAD / ZWCAD / BricsCAD / AutoCAD), To MbI
nocTpowiu odoydeHue padote ¢ cucremoit Web FairCurveModeler B Bue ypoKoB yiydIieHHsI
KayecTBa CIIalfHOB, CMOI€TMPOBaHHBIX B KOHKpEeTHBIX CAIIP. CpaBHMBast KauecTBO CIIJIaiiHOB
CAD-cucrem u ynyuinenubix B Web FairCurveModeler, Bbl cMoXeTe MOHSTH, TOYeMy Mpu

POEKTUPOBAHUU (DYHKIIMOHATILHOM reoOMeTpHH HE00X0IMMO HcTionb30BaTh Web
FairCurveModeler.

HpO@KTI/IpOBaHI/Ie A0POroCTodero U3 — A€JI0 OTBETCTBCHHOC. OmmoOka KOHCTPYKTOpPa
Ha 3Tarne rcOMCTPUICCKOTr0 MOACIIMPOBAHUSA CTOUT AOPOTO.

6.1. ITonroroBKka uH(pPOBOro TEOPETHIECKOT0 YepTeka PyHKIHOHATbHOM KPUBOIi B
CAIIP

OnauH U3 3TanoB NPOEKTUPOBAHUS - MOATOTOBKA LIM(PPOBOTO TEOPETUUECKOTO YepTexa
¢byHkoHansHOU KpuBoil. Lludposoii Teopernueckuii ueprex (L{TY) kpuBoit naet
METPOJIOTHUECKYIO ONPEAEICHHOCTh FreoMeTpruecKoi Mojienn. OGecrneuynBaeT BO3SMOXKHOCTD
00BEKTUBHOI'O KOHTPOJISI H30T€OMETPUIHOCTH MOJIENI Ha BCEX ATarax MPOSKTUPOBAHUS U
IIPOU3BOJICTBA U3AeNus. 1I30reoMeTpUYHOCTD 3/1ECH 03HAYAET, YTO UCIOIB3YETCS OJHA U Ta e
reoMeTpHUecKas MOJIEb Ha BCEX 3TaIax MPOEKTUPOBAHUS U POU3BOACTBA. JDTO
U30r€OMETPUYHOCTH | pona.



[Ipouecc moaroroBku L[TY HaunHaeTCsa ¢ 3CKU3UPOBAHUS KPUBOI;

Ha sckuze kpusoii 3agaercs I'O;

Brmonnsercs ynydmenue kauectBa ['O (crimaxxuBaHue 1o KOpuaopy/ CriakuBaHue 1o
cpenHeit TuHuK / OIaronpusTHOE Mepepacipe/ielicHIe);

CrpouTtcst V-KpuBas U BBIIIOJIHICTCS €€ N30I€OMETPHUECKAst alllPOKCUMAIIHS [TOCPEICTBOM
NURBZS kpuBoii nnu B-crinaitHoBo#t kpuBoii. B 1anHOM cityyae 3T0 H30reoMeTpudHoCTb |1
pona.

OxoHuaTenbHO IH(poBast MOJIENb AOJDKHA OBITH MpeacTaBieHa padpuaupoBanubiM ['O u
NURBS mopnensto, moctpoeHHoit Ha padpunupoBanaom ['O. Ueprex qoKeH ObITh JOMOTHEH
NOSCHEHMSIMU BUJA yKa3aHHs 110 HoMepaM To4yek I'O y4acTKOB MOHOTOHHOCTH M IPYTUX
cnenuduyecknx TpedboBaHu K GyHKIMOHATIBHON KPUBOH (OPSIOK T8 IKOCTH, 3HAUCHUS
KOHIIEBBIX TapaMETPOB BUJIa KacaTeJIbHbIX U KPUBU3H, MAKCUMAJIBHO JIONYCTUMON KPUBU3HBI,
OrPaHUYEHUS 10 CKOPOCTH U3MEHEHHsI KPUBU3HBI, TOYHBIX MOJI0KEHUH NPAMOIMHENHBIX
Y4aCTKOB, (PMKCUPOBAHHBIX KaCaTEIbHBIX B HEKOTOPHIX TOUKAX).

Meroast Web FairCurveModeler o6ecrieunBaroT moAroToBKy Mu(poBOro TeOPETUIECKOro
yeprexxa QyHkunoHanbHo# kpusoit B CAIIP.

6.2. Ypok 1. Yayumenue cniaiitna KOMITIAC 3D

YPOK MMOKa3bIBaeT YIy4lICHHE KYOMUeCKOH CIUIaiHOBOW KPUBOHA, TOCTPOCHHOH 110
onpexaenstomuM ToukaM B KOMITAC 3D nyrem noctpoenus B-crinaitHOBO# KprBO BEICOKOH
crenenu (4/6/8/10) 8 Web FairCurveModeler.

1). IlocTpoeHne KPUBOii HA ONMOPHOI JIOMAHOI
> KOMIIAC 3D

> Kapkac 1 0OBEpXHOCTH

{3 Kapkac n
MOBEpPXHOCTH

> Bug csepxy

g

pat
) fiCeepy B

@
-27.657228 -96.099312 0.000000 0.000000
-84.763459 -53.058044 0.000000 0.000000
-59.297962 80.521747 0.000000 0.000000
-29.048160  95.688058 0.000000 0.000000
99.252996 12.200112 0.000000 0.000000
77.082573 -63.704607 0.000000 0.000000
29.579501 -95.525144 0.000000 0.000000

CtpouM 10 TOYKaM CIIAafHOBYIO KPUBYIO.
Camast BBICOKOKau€CTBEHHAs! KpUBAas 110 KPUTEPUSAM IJIaBHOCTU — OKpYKHOCTh. [TocTpoiite
CIUIAiH 10 MPOU3BOJIBHBIM TOUYKAM Ha OKPYXHOCTH (pHc. 1).



Puc.6.2.1. Cruraiin B8 KOMITAC 3D.

be3 komMeHTapues.

Ilepexoaum K peaakKTHPOBAHUIO CIUIAHOBOM KPHUBOM.

3anuchIBacM JIOMaHYIO ONIOPHBIX TOYEK BO BHEIIHUN TEKCTOBBIN (haii.

OTKpBIBacM TEKCTOBBIN (DA
Kommupyem conepxumoe B Oydep mamsTu.

[Mepexonum B Web FairCurveModeler na crpanuity

> Polyline3D

Instructions and Messages (1&M)
> Clear

> BcerasnseM cogepxuMoe u3 0ydepa namstu
Read Data

>3D Polyline from Table

> Zoom All

>Create

Coznaercs NURBZS xpusas
[IpoBepsieM kauecTBO

View Params

>Draw Curvature as F(x)

(puc. 2)

8966606000

)
© Polyline3D

[ Glear |Param |
Instructions and Messages

Length = 627.8991637609138
Max Curvature =
.01 191920857
Min Curvature =
.600990999902032285
patential Energy =
8.66278991634851634

quality Params of Curve: I

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the mininum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters

of the curve is continuous and -
smooth change of curvature. These

Puc. 6.2.2. T'eoMeTpuvecKy TOYHAS OKPYKHOCTb.



OTO OKPYKHOCTb

AnmnpoxcumupyeM B-crinaitHoM 8-01 creneHu.

Approximation
> by Bspline

> Degree 8 (ato crenens cruiaiina, MmoxxHo 4/6/8/10)

> Create

(puc. 3)

00009060000

Puc. 6.2.3. B-craiiH cremnesu 8.

[IpoBepsiem kauecTBoO (puc. 4).

Polyline3D

Ciear || Params || Help
Instructions and Messages

Length = 628.283807136818

Quality Params of Curve: I

max Curvature =
6.010118187936273752
Min Curvature =
©.009881448570054682
Potential Energy —
©.06282194322517477

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential

energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters

of the curve is continuous and -

smooth change of curvature. These

Fair!

Curve

Modele .
Polyline3D

ram: P
and Messages

“

Quality Params of Curve:
Length - 628.322926442547
Max Curvature =
0.610176335576897923

Min Curvature =
0.60979955344415449%
Potential Energy =
0.0625236129025086

Displayed the curvature graph and

curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters
of the curve is continuous and

smooth change of curvature. These

curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the

-

4

Puc. 6.2.4. I'paduk kpuBu3HbI Buja F(X).

OKPY)KHOCTB HE ujeanbHas. buenue KPHUBU3HBI

Max Curvature = 0.010176335576897923
Min Curvature = 0.009799553444154499

Ctpoum B-kpuByto ¢ onuueit papuHupoBaHus

Fairings:
(*) Fairing + arranging

(puc. 5).

Fair'
Curve
Modele
Polyline3D

[ Clear |[ Params |[ Help |
Instructions and Messages

Quality Params of Curve:
Length = 628.2658001803517

Mex Curvature = 0.01089000657923773
Min curvature =
©.009999993723285677

Potential Energ
6.66282658603847436

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of clastic strips slong the
contour of the deformed curve. The
most important quality parameters
of the curve is continuous and
smooth change of curvature. These
parameters are estimated by the




Puc. 6.2.5. YnyumenHnast kpuBas oruei ‘arranging’.

WneanbHas OKpYKHOCTH C OMEHUEM KPUBU3HBI
Max Curvature = 0.01000000657923773
Min Curvature = 0.009999993723285677

[Tepexoaum Ha ctpanuiry NURBS3D
>Create

YcranaBiauBaeM OILINIO

Format:
Clamped
(@ Float
>Create
(puc. 6).
o - _o — (7
o - . N o : NURBS3D
oseens s Mg 6580
/ \ Params |
o/ \
o J
\ /
\\‘ //
o /
o

Puc. 6.2.6. KouBepTupoBaH#e S-MOJUTOHA B IUIaBAIOIIUI (opmar.

Write Data

> NURBS Model to Table X Y X W

Instructions and Messages (I1&M)

> Boigenuth conepxumoe (1&M)

> Konupyem conepxxkumoe u3 I&M B 6ydep namstu

> Co31aeM TeKCTOBBIN (ailn *.txt

> BcTaBnsieM B TEKCTOBBIN (paity coaepkumoe 0ydepa

-52.14881371696056 -94.41518458471091 0 1

-87.9502590492031 -62.43798175900517 0 0.9999999999999998
-106.33133860624594 -18.093723897589104 0 0.9999999999999998
-103.65160847621864 29.83420138345414 0 0.9999999999999996
-80.4418382892946 71.8530191026189 0 1

-41.298947595164606 99.64005376652989 0 1

6.02376861469962 107.69140081036176 0 1

52.153127658186406 94.41270591324081 0 1

87.95231945357807 62.43439686153323 0 1

106.33140970932425 18.090786533371855 0 1
103.65065408788553 -29.835450239903665 0 1
80.44161139919788 -71.85227046649922 0 1
41.300940215416745 -99.63847272668886 0 1
-6.019406805339123 -107.6911540053141 0 1

> CoxpaHuTh ¢aiin



[Tepexoaum B KOMITIAC 3D

> CTpouM CILIaliH

> CnaiiH 1o IoJIcaM

> YuraeMm co3mannblii gaitn ¢ NURBS mozaensio
> VcranasnubaeM [lopsiok = crenens + 1
>[*]3aMKHYTH KPUBYIO

(puc. 7).

~Bo v X
Cosazve| [ pesacripcese

[ 3ammeyme xpueyio
TMeprack:

A KoopanHars! sepuint

-El i
iz

Chocos:

o koopaaram

Koopmearss v | # |X 52148814 |
it :l 94415185 j
#z0

WY Connaiite OGBEKT MAM YKAXHMTE BepUIMHY 6O X
8BEAVTE KOOPAAHATE

Puc. 6.2.7. Tpaucdep crnaitna B KOMITAC 3D.

> Co3zmaeM cIUiaitH (Ha)XuMaeM 3eJICHYIO TaJouky V)
IIpoBepum kauecTBO
>['padvk KpUBHU3HBI

(puc. 8).
| LE-

= =

ool racomas
D TR 1111] [0 |

sacuzas | |1 [171111] | s2s0064:]

Puc. 6.2.8. I'paduk KpuBU3HBI CIUIaliHA.

CpaBHuBaeM rpauKu KpUBH3HBEI.

[TouyBcTByiiTe pazHuny!

Jannyio B-crutaliHOBYI0 MOJIENTb OKPY>KHOCTH BBl MOKETE MCIIONIB30BATh IS
MIPEICTABICHUS OKPY)KHOCTU B MHXKEHEPHBIX MTPOEKTAX.

Bcerna nomuure! Bol Mogenupyere GyHKIMOHAIBHYIO KPUBYIO, KOTOpasi OyleT onpeaesaTh
MIPOEKTHBIE XapAaKTEPUCTUKHU U3JICITHSL.



2). YiydiieHHe cIJIaifHa HA KacaTeIbHOIi JJIOMaHO

> KOMIIAC 3D
Pabouee mpocTpaHCTBO: KapKac U IOBEPXHOCTH

Kapkac u
NOBEPXHOCTM

Bun ceepxy:

Bl ®
=t

£ f Ceery p
@

[TocTpoum kacaTenpHyI0 K OKPYKHOCTH.
[lepenecem MaccuB ¢ KOOpIMHATAMHU TOYEK B TEKCTOBBIN (haiin

-135.824 -7.787849999999999 0 1
-40.1194 108.6920 1

83.5374 86.72580000000001 0 1
104.098 -8.221470 1
74.46559999999999 -84.4208 0 1
-29.5589 -110.51101

CrpouM 110 TOUKaM KacaTeJIbHOM JIOMAHOH CINIAafHOBYIO KPUBYIO II0 ITOJIFOCAM CTEIIEHU 2
(nopsika 3). Mcnonb3yeM TEKCTOBBIH (aiisl ¢ KoopauHaTaMu Touek (puc. 9).

Puc. 6.2.9. Crunaiin 2-o crernenn (Iopsaka 3) 1o MOJTF0CaM.

Ilepexoaum k peaakTUPOBAHUIO CIUIAHHOBOW KPUBOM.
3anucpIBaeM JIOMaHYO BEPIIWH BO BHEITHUH (paii.
OTtkpsiBaeM (haii.

Konupyewm conepxumoe B 6ydep namsatu

IMepeiinem B Web FairCurveModeler
> Ctpanuna Tangent3D.



Instructions and Messages (I&M).

> Clear (ouniiaeM TEKCTOBOE IOJIE).

> BcerasisieMm coaepxumoe u3 0ydepa.
Read Data

>3D Polyline from Table

> Zoom All

>Create

Approximation

> by B-Spline

> Degree 8 (aTo crenens cruiaiina, MmoxxHo 4/6/8/10)
> Create (puc. 10).

Tangent3D

| Clear |[ Params || Help |
Instructions and Messages

0.009920100872651093
Potential Energy -
0.06252366207312536

smooth hese
parameters are estimated by the P

Puc. 6.2.10. B-cruiaiig 8-0oi creneHu Ha KacarejlbHOM JIOMaHOM.

buenue KpuBH3HBI:
Max Curvature = 0.01007486142159173
Min Curvature = 0.009920100872651093

[Tepexox Ha ctpanuity NURBS3D
Onuun
Format:

< Clamped

« Float

>Create

VY nansiem uctopuio 6paysepa.

Write Data

> NURBS Model to Table X Y X W.

-109.0285157088606 -46.80512591868069 0 1
-113.71171210730483 34.87466500159134 0 0.9999999999999998
-68.10087509222139 90.38655736512915 0 0.9999999999999998
-10.688041623495065 111.57820464530396 0 0.9999999999999996
50.12406045136008 100.77563821469738 0 1

94.24430066873506 58.277572863240835 0 1
104.61100278939244 10.404939513175663 0 1
101.86001668390259 -24.427252587523924 0 1
86.33176345920674 -64.35795316499087 0 1
49.090637176531004 -97.2076426673728 0 1
-3.166134859804572 -110.31407080480238 0 1
-58.69420141586107 -95.46173394208495 0 1

Instructions and Messages (I&M)
> Boigenuts conepxkumoe B (1&M)



> Komnupyewm coxnepxkumoe u3 I&M B Oydep namsatu

> Co3/iaeM TeKCTOBBIN daitm *.txt

> BeraBisieM B TEKCTOBBIN (haiin copepxumoe Oydepa
> CoxpansieM ¢aiin

[epeiinem B KOMITIAC 3D

> CTpouM cIjaiiH.

> Cru1aiiH 10 HOJIH0CAM.

> Yuraem ¢aitn c NURBS mozensio

> VcranasnubaeM [lopsiok = crenens + 1

(puc. 11).

Puc. 6.2.11. Crnaiin 8-0if cTeneHH Mo MOJIICaM.
> Co3z/1aeM CIuTaiiH (HaKUMaeM 3eJICHYIO TaIouKy V).

IIpoBepsieM kauecTBoO.
>['paduk kpuBu3HHI (puc. 12).



Puc. 6.2.12. I'paduk KpUBHU3HBI YIYUIICHHONW KPUBOM.

CpaBHUTE Ka4eCTBO MCXOJAHOM U YIIy4ILIEHHOM KpUBOH MO rpadvkaM KpUBU3HBI U
MakKpoIapaMeTpaM.

Bcerna nmomuaure! Bl Mogenupyere GyHKIMOHATBHYIO KPUBYIO, KOTOpast OyAET ONpeneisiTh
IIPOCKTHBIC XapaKTEPUCTUKH U3CIIUS.

[Toctpoenuem u penakTupoBanueM kprusoit B Web FairCurveModeler moxuo 100uTHCs
BBICOYAMIIErO KayecTBa KPUBOM IO IMapaMeTpaM IUIaBHOCTH.

3). NURBzS kpusBasn

Oco6ennoct NURBZS kpuBbIX. Y3II0BBIE TOUKH COBMAAIOT C UCXOAHBIMU OTIOPHBIMU
toukamu. [IpsiMoNTMHEHBIE Y9aCTKH TOYHO MOJACTHPYIOTCS. TOUHO MOJIENIHUPYIOTCS KOHUYECKHE
KpPHUBBIE.

NURBZS kpuBbie nieanbHO MOAXOIAT U IOCTPOSHHS CETH KPUBBIX HA CETH TOYEK IS
MOCJIETYIOIIETO MOCTPOSHUS TIOBEPXHOCTH HA CETH KPUBBIX MITaTHRIMHU KomManamu CAD-
CHUCTEM.

B KOMIIAC net criennanpHOM kKoMaHabl moctpoeHust NURBZS kpupoii. [ToaTomy MbI He
MMEEM BO3MOYKHOCTHU “NPUBS3aThCA” K MPOLIECCY MOCTPOSHUS KPUBOM, KaK B CiIydae
noctpoeHus B-craitHoOBO# KpUBOH.

[Ipennaraercs cnenyromas Texuuka neperoca NURBzZS kpusoii B KOMITAC.

Hanpumep, mocrpoum NURBZzS kpuByto Ha crpanune Hermit3D.

>Bri6upaem npumep ‘Clothoid on Hermite scheme’



Select Hermite GD Sample:
Clothoid on Hermite scheme v

Clothoid on Hermite scheme
Two Clothoids with straight site
Circle on Hermite scheme

Screw curve on Hermite scheme

'O Dpmura chopmupoBan Ha aHanuTHueckoi kpusoi Clothoid.
Ananutndeckue kpuBbie Ha 'O DpMuUTa HEOOXOAUMO CTPOUTH HAMPSIMYIO 0€3 YITyUIlICHHS.
Onuus yny4iieHus

Params for V-
Curve
Fairings:

® None

() On points

0n
tangents

>Create (puc. 13).

, _ _;ZoH . Fair
o\ o

Hermite3D

{ \\ \
/ Y Help | YouTube | Theory
f \ Instructions and Messages: | Clear

l\ I'. P .ro \\. \ ! Params

\ A \ A
7 / '\l i
i - / p [ I
. /.-' Quality Params of Curve:

™ > 4 | Length = 1422,4482231109712
G. - _— / ! Max Curvature =

i / ©.811113399999986876
s Min Curvature = @
/ / / potential Energy =

2.05854468177640788

. Displayed the curvature graph and
A curve parameters: the length of the
e" curve, the maximum curvature of the
= P curve, the minimum curvature of the
— curve, the value of the potential
o e energy of elastic strips along the
— - contour of the deformed curve. The
5 _7_—4——**0'() - } most important quality parameters
L0 - of the curve is continuous and
smaoth chanee of curvature. These -

Puc. 6.2.13. Y4acTok KIOTOHUIBI.
[Tepexoaum Ha ctpanuiy NURBS3D
>Create

Y6enurecs B BLICOKOM KadeCcTBE alMPOKCHUMAIIMH aHATUTUYECKON KPUBOM MOCPEICTBOM
NURBZzS kpuBoii.

>Draw Curvature as F(x) (puc. 14).



NURBS3D

[relp | YouTube | Theory
Tnstructions and Messages:
Params

4

Puc. 6.2.14. HauanpHblil yuacTok Kiotou sl annpokcumupoBanubiii NURBZS kpusoii.
[Tokazan rpauk KpUBU3HBIL.

[epenocum mozaens B DXF ¢aiin.

VY nansem ucroputo Opaysepa.

>Down Load DXF

>CoxpansieM TeKcToBbIH r_out dxf.txt ¢ paciuupenuem DXF

[Tepexomum B KOMITAC 3D. Yuraem monens nu3z DXF-daiina (puc. 15).

Puc. 6.2.15. Ilepenoc NURBzS moznenu kpusoit B KOMITAC 3D.

IIpoBepsiem kauecTBO onmueil ‘rpaduku KpuBH3HBI' (puc. 16).



Puc. 6.2.16. I'paduk kpuBU3HBI HaT KPUBOM.

6.3. Ypok 2. Yayumenue ciiaiina ZWCAD / BricsCAD / AutoCAD

AutoCAD u ero “kJI0HBI” HE UIMEIOT KOMaH/IbI TOCTpOeHUs B-cruiaiiHoBOI KpHBOil BEICOKOM
CTETIeHH Ha OMOPHOM JIoMaHOo|. Pa3zpaboTunKky B MOTOHE 32 CBEPXIPUOBLIBIO pa3padaThiBaloT 3TH
KoMaHbl B pyrux npoaykrax (Alias Design). biaronaps npunoxenuto Web FairCurveModeler,
HOJTB30BATENIN MOTYT CO3/[aBaTh CIUIAMHBI BEICOYANIIIEro KayecTBa 6e3 He0OX0IMMOCTH IPHOOPETCHNUS
npyrux npoaykros Autodesk.

1). IlocTpoeHue cruiaiiHA HA ONOPHOIT JIOMaHOW
[Moctpoenne FB-crutaitHoBO# KprBOii BEICOKOI cTrenienu (4/6/8/10)

Iepexoaum B ZWCAD / BricsCAD / AutoCAD

Pucyem nomanyro o Toukam npumutuBa _Helix:

150.0,0.0,0.0,1.0
129.701,70.3711,0.0,1
51.8511,133.94,0.0,1
-52.6723,129.297,0.0,1
-123.385,56.251,0.0,1
-124.556,-42.4485,0.0,1
-59.6071,-112.798,0.0,1
32.9665,-119.089,0.0,1
102.264,-61.9321,0.0,1
112.965,24.2747,0.0,1
63.2448,91.8666,0.0,1
-16.4157,106.26,0.0,1
-81.687,63.5706,0.0,1
-99.0491,-9.4263,0.0,1
-62.9406,-71.8042,0.0,1
3.33705,-91.4122,0.0,1
62.2939,-61.3918,0.0,1
83.4295,-1.8277,0.0,1
58.9667,53.2286,0.0,1
6.04994,75.183,0.0,1
-44.677,55.7132,0.0,1
-66.7552,9.31806,0.0,1
-51.6838,-36.7037,0.0,1
-11.6269,-58.2294,0.0,1
29.3689,-46.9359,0.0,1
49.0338,-17.2364,0.0,1



Pucyewm spline B CAD-cucteme 1o Toukam jjomanoi (puc. 1 ).

Puc. 6.3.1. KyOouueckuii critaiit mo toukam npumutusa _Helix.

Ouenum kavecTBo. 3arpy3um npunoxenne V_Test WEB.Isp. Bemomaum xomanmy V_Test

(puc. 2)



http://spliner.ru/WEB-app/v_test_web.lsp

.

Puc. 6.3.2. I'padyku KpUBU3HBI U IBOJIFOTH KYOUYECKOTO CIIIaiiHA 110 ONPEACIISIONIIM
TOYKaM.

CunuM 1BeToM rpaduk 3BoioThl. OOpaTuTe BHUMaHUE Ha HU3KOE KauyecTBO IpauKoB
KPUBHU3HBI ¥ BOJIIOTHI.

VYy4mnMm crutaiiH. BeimonHsem

(entget (car (entsel "select NURBS"™)))
Yka3bpiBaeM KpPUBYIO.

Konmpyem B Oydep namsTu y4acToK B IIPOTOKOJIE:

((-1 . <Hms o6bexTa: 265a47500d0>) (0 . "SPLINE") (330 . <Hms ofbexTa: 265fab039f0>) (5 . "2CD") (100 . "AcDbEntity") (67 . 0) (410
. "Model") (8 . "0") (62 . 4) (100 . "AcDbSpline") (70 . 1056) (71 . 3) (72 . 32) (73 . 28) (74 . 26) (42 . 1.0e-09) (43 . 1.0e-10) (44 . 1.0e-10) (40 .
0.0) (40.. 0.0) (40 . 0.0) (40 . 0.0) (40 . 73.347) (40 . 174.01) (40 . 278.809) (40 . 380.653) (40 . 479.543) (40 . 575.479) (40 . 668.461) (40 .
758.49) (40 . 845.567) (40 . 929.691) (40 . 1010.87) (40 . 1089.09) (40 . 1164.36) (40 . 1236.69) (40 . 1306.07) (40 . 1372.5) (40 . 1435.99) (40 .
1496.54) (40 . 1554.14) (40 . 1608.81) (40 . 1660.54) (40 . 1709.34) (40 . 1755.21) (40 . 1798.16) (40 . 1834.18) (40 . 1834.18) (40 . 1834.18) (40
. 1834.18) (10 150.0 0.0 0.0) (10 145.61 24,5281 1.31076) (10 135.196 82.7192 4.42043) (10 54.2128 146.979 9.61262) (10 -57.2499 142.502
15.4924) (10 -135.593 62.3883 21.5076) (10 -137.223 -46.1906 27.5226) (10 -66.0794 -123.87 33.5373) (10 35.753 -131.197 39.5521) (10
112.257 -68.6219 45.5664) (10 124.436 26.1825 51.5807) (10 70.0533 100.797 57.5948) (10 -17.5309 117.035 63.6084) (10 -89.5777 70.3981
69.6219) (10 -109.078 -9.83729 75.6349) (10 -69.6911 -78.6864 81.6476) (10 3.13563 -100.653 87.66) (10 68.2068 -67.9729 93.6717) (10
91.8497 -2.54734 99.6833) (10 65.2914 58.2188 105.693) (10 7.18887 82.7587 111.704) (10 -48.7885 61.6956 117.714) (10 -73.5056 10.7913
123.721) (10 -57.1285 -40.0403 129.727) (10 -13.7391 -64.0047 135.737) (10 31.8929 -52.6273 141.543) (10 43.6643 -28.3227 145.499) (10
49.0338 -17.2364 147.303) (11 150.0 0.0 0.0) (11 129.701 70.3711 3.95553) (11 51.8511 133.94 9.56077) (11 -52.6723 129.297 15.5784) (11 -
123.385 56.251 21.5961) (11 -124.556 -42.4485 27.6138) (11 -59.6071 -112.798 33.6314) (11 32.9665 -119.089 39.6491) (11 102.264 -61.9321
45.6667) (11 112.965 24.2747 51.6844) (11 63.2448 91.8666 57.7021) (11 -16.4157 106.26 63.7197) (11 -81.687 63.5706 69.7374) (L1 -99.0491
-9.4263 75.755) (11 -62.9406 -71.8042 81.7727) (11 3.33705 -91.4122 87.7904) (11 62.2939 -61.3918 93.808) (11 83.4295 -1.8277 99.8257) (11
58.9667 53.2286 105.843) (11 6.04994 75.183 111.861) (11 -44.677 55.7132 117.879) (11 -66.7552 9.31806 123.896) (11 -51.6838 -36.7037
129.914) (11 -11.6269 -58.2294 135.932) (11 29.3689 -46.9359 141.949) (11 49.0338 -17.2364 147.303))

[Mepexomum B Web FairCurveModeler

> Ctpanwuria Polyline3D

Instructions and Messages (I&M)

> Clear (uuctum (I&M)).

> BcerasnsgeM B (1&M) copepxumoe Oydepa namaTu
| NURBS Model from BricsCAD/AutoCAD |

> Create (puc. 3).




Fair
Curve’
Modelg

Polyline3D

Clear || Params || Help
Instructions and Messages

in curvature =
8.0017826268931729873
potential Energy =
9.19431741340050576

Displayed the curvature graph and
curve parameters: the length of the
curve, the maxis curvature of the
curve, the m curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality paramel ters

of the curve is continuous and -
smooth change of curvature. These

Puc. 6.3.3. IToctpoenne NURBZzS xpuBoii.

Cucrema Hapucyert crutaita. 1o FNURBZS kpuast.
[lepenocum kpusyto B CAD-cucremy

Write Data:
NURBS Model to BricsCAD/AutoCAD l

I[anee BBIJCIINTE U CKOHprﬁTe COACPIKUMOC ITOJIA MHOT'OCTPOYHOTI'O TCKCTOBOT'O IMOJIA

“Instructions and Messages” B Oydep mamsTH.
3atem nepeiigure B ZWCAD / BricsSCAD / AutoCAD u mpocTo BCTaBbTE COACPIKUMOE

Oydepa mamsTi B KOMaHJHYIO CTPOKY.
CAD-cucrema napucyer NURBS kpusyro (puc. 4).

Puc. 6.3.4. F-xkpuBas 8 CAD-cucreme.

[IpoBepum kauecTBo.
3arpys3um npuinoxkerne V_Test WEB.Isp.
BeimonauM komany V_test (puc. 5).



http://spliner.ru/WEB-app/v_test_web.lsp

Puc. 6.3.5. I'paduku KpUBU3HBI ¥ SBOJIIOTHI YAYUYIIEHHONW KPHBOH.

[TouyBcTBYMTE pa3HHUILY.

OOparure BHUMaHUE HAa Ka4E€CTBO IBOJIIOTHL. Ha OCHOBHOM ydacTke npezcTaBiseT co0oi
UJ€abHYI0 BUHTOBYIO JIMHUIO. DTO palliOHalIbHAsl KyOuueckas cruiaiiHoBasi KpuBas besbe.
Ky6uueckas, Kapi. C nnaBabsiM kpyuenuem. Paspadoruuku CAIIP onenst meron.

HMeHHO 3T0 CBOMCTBO MO3BOJISET UCIIONIB30BATh METO AJIsl IOCTPOCHUSI CETU
IIPOCTPAHCTBEHHBIX KPUBBIX JJIs OCAEAYIOLIET0 MOCTPOEHUS IOBEPXHOCTH IITATHBIMU
komagnamu CAD-cucrem.

2). Ha kacaTeJibHOI1 JTOMaHO#

PaccMoTpuM yHUKaNIBHYIO ONMIIKIO TOCTpoeHHs FB-kpuBoil Ha kacaTenbHON JTOMaHOM.
Takast He0OOX0JUMOCTh BO3HUKAET MPH MPOPUINPOBAHUU TPOGUIIS JIOMATKH C TapeTbYaThIM
TOJIKATEJIEM WM TIOCTPOSHUU TPACChI JOPOTH, KACATEITbHOU K TEOJAOIUTHBIM XOJaM.

B ZWCAD / BricsCAD / AutoCAD nocTpouM JIOMaHytO ¢ KBaJPaTHYHBIM CIIIAKHBAHUEM.
DTO eIMHCTBEHHBIN BapHAHT MMOCTPOCHHS KpUBOW Ha KacaTenbHO# momanoi B aTux CAD-
cucreMax (puc. 6).

AT

N A

Puc. 6.3.6. KBagpaTHuHbIii CIIJIaiH 1O YIPABISIONIAM TOYKAM.

3arpysum npunoxkerne V_Test WEB.Isp.

Brigennm toMaHy0, OTMEHUM CIUIAKUBAHUE M BBIMIOJTHUM KOMaHTy

V_Spoly

YkakeMm JIOMaHyIO U B TPOTOKOJIE BBIICIUM TaOIHIy TOUYEK JIOMAHON U COXpaHUM B Oydep
MaMATH.


http://spliner.ru/WEB-app/v_test_web.lsp

-135.824,-7.78785,0.0,1.0
-40.1194,108.692,0.0,1
83.5374,86.7258,0.0,1
104.098,-8.22147,0.0,1
74.4656,-84.4208,0.0,1
-29.5589,-110.511,0.0,1

[Mepeiinem B Web FairCurevModeler ua crpanuiy Tangent3D. Ounctum (1&M) 1 BctaBum

Oydep nmamsTH. BeimoaHuM mocienoBaTeabHO
>[Polyline from table]
>Zoom All
>Create
Cucrema noctpout FNURBZS kpusyto (puc. 7).

Fair'
Curve

/0\ - ) Modeles
Tangent3D
y | Clear || Params || Help |

Instructions and Messages

Quality Params of Curve:
Length = 627.97318388291
Max Curvature =
0.010000040508698458
Min Curvature =
0.009999967377767378
Potential Energy =
0.05279739433540234

Displayed the curvature graph and

of the curve is continuous and
smooth change of curvature. These

curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
\Q/  a most important quality parameters

4

dicimae. | B - [, [ Wrien Prasa

Puc. 6.3.7. NURBZzS kpuBas.

VYcranoBum onuuu noctpoeHus FB-kpusoii
Approximation:

by Bezier Spline

{e

by B-Spline

Degree:ﬁ
>Create
Cucrema noctpout FB-kpusyto (puc. 8).

Fair
Curve
Modele,
Tangent3D

| Clear || Params || Help |
Instructions and Messages

Quality Params of Curve:

Length = 628.2542874287891

Max Curvature =
©.919874861421591728

Min Curvature = 8.88%92018887265109
Potential Energy =
@.8628238620731213

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters
of the curve is continuous and
smooth change of curvature. These
parameters are estimated by the

re

Puc. 6.3.8. B-crnaifHoBast kpuBasi 8-0if CTETIEHN Ha KacaTeIbHOH JIOMaHOM.

[Tepenecem monens B CAD-cuctemy. Boimoanum



>NURBS Model to Brics/AutoCAD

| Clear || Params || Help |
Instructions and Messages
(setq nurbs_l1st nil)
(setq nurbs_1st (cons
“SPLINE™) nurbs_lst))
(setq nurbs_1st (cons (cons
"AcDbEntity"™) nurbs_lst))
(setq nurbs_l1st (cons (cons
"AcDbSpline™) nurbs_lst))
(setq nurbs_1st (cons "(218
1.8) nurbs_1lst))(setq nurbs
(reverse nurbs_l1st))
nurbs_1st (append nurbs lst
. 15))))
nurbs_l1st(append nurbs
(cons 71 8))))
nurbs_1st (append nurbs
(cons 72 29))))
nurbs_1st (append nurbs
(cons 73 28))))
nurbs_1st (append nurbs
(cons 74 8))))
nurbs_1st (append nurbs

CoxpanuM B Oydep maMaTu CoIepKUMOe TEKCTOBOTO TIOJIS.
[epeitnem B ZWCAD/BricsCAD/AutoCAD
BcraBum Oydep B komananyto crpoky. CAD-cuctema Hapucyer ciuiaii (puc. 9).

Puc. 6.3.9. Cnaita B8 CAD-cucreme.

OT0 YHUKaJIbHBIN criocod oOMeHa qaHHbIMU. “U3 yer B ycra”. be3 nuiHux
MPOMEXKYTOUHBIX (haiiioB. OnrymieHne, 4To padoTaelib B OJJHOU “‘cymepcucreme’.

3). NURBzS kpuBas

Jlj1s TOYHOTO MO/IEIMPOBAaHUS KOHMUYECKHX KpuBbIX ucnonb3yiite FNURBZS kpuBssie.
Hapucyem smuric u moctpoum jomanyio (puc. 10).



Puc. 6.3.10. Jlomanas Ha 3JUIMIICE.

3arpysute npunoxenne V_Test WEB.Isp.
Beimonaure V_Spoly. Ykaxkute tomanyto.
B mpoTokose BeiennTe TabauIly TOYEK U CKOIUPYITE B Oyep mamsTu:

-70.4343,35.493,0.0,1.0
-6.07111,49.9078,0.0,1
72.2313,34.5783,0.0,1
99.9486,-1.6026,0.0,1
43.7089,-44.9709,0.0,1
15.2958,-49.4116,0.0,1
-27.8809,-48.0173,0.0,1
-65.5352,-37.7662,0.0,1
-93.0523,-18.3116,0.0,1
-70.4343,35.493,0.0,1

Briiennre Bech TEKCT ¢ KOOPAMHATAMH U 3aTIOMHHTE B Oydep maMsaTy.

[epeiinure B Web FairCurveModeler ua crpanune Polyline3D. OuncTute TeKcTOBOE MMOJIE
(I&M) u BcTaBbTe Oydhep namsaru. Haxmure

>3D Polyline from Table

>Zoom All

>Create

Cucrema Hapucyetr FNURBZzS xpusyro (puc. 11).

Polyline3D

| cloar || Params | [ Help |
Instructions and Messages

Quality ms_of Curve:
Length = 484.23486079948617
Max ©.0398235507585706

0.00500238417 3980402
Potential Energy =

0.1319834320357979

Puc. 6.3.11. 'eomeTpruecku TOUHAs anmpoKCUMAIIH IIUIICA Ha OTIOPHOM JTOMaHOM.


http://spliner.ru/WEB-app/v_test_web.lsp

>NURBS Model to BricsCAD/AutoCAD

Boinenum tekct B (I&M) u 3anomuum B Oydep namsTh.

[epeiinem 8 ZWCAD/BricsCAD/AutoCAD. Cucrema napucyer FNURBzS kpusyto (puc.
12).

Puc. 6.3.12. [Tepenoc monenun NURBZzS kpuBoit B CAD-cucremy.

Kaxk Bunum, FNURBZS reomerpruyecku TOYHO COBITAIAET C HCXOIHBIM JUTHIICOM.

s cpaBHeHMs mONMpoOylTe HApUCOBaTh HAa JJIOMaHOM cruiaifH mratHoi komanaoit CAD-
CUCTEMBI.

[TouyBcTBYiiTE pasHULly.

4). Yay4ieHue KpUBOii CriIa;KuBaHHEM 10 “KOpuaopy”

YHUKaIbHAS OMIHS YIYUIICHUS Ka4eCTBA KPUBOH CriIa)kUBaHUEM. 3a/laeTcs UpUHA
KOpHJI0pa AOIYCTUMBIX OTKJIOHEHUH OT UCXOAHOM JjoMaHoi. OOpa3Ho roBops, “KBaapar”
CrJIaXKMBaeTcs J10 “OKpPY>KHOCTH .

Ncxonnas nomaHast 10J1kHa ObITh PEryJsipHON (pOpPMBI.

Taxast 3a1aua BO3HUKAET B aBUACTPOSHHUH MTPH IUPPOBAHUN OTPOMHOTO apXHBa
TEOPETUUECKHUX YEPTEKEW COBETCKOTro neproa. IT1o 3010Toi hona aBuactpoenus. [lpopunu
3a/JaBAJIMCh HAa TEOPETUIECKUX YEPTEKaX TOCTATOYHO IIOTHBIM MHOKECTBOM ToueK. M3-3a
OKpYTJICHHS Yncel HU(POBBIE MOJEIH JOKAIBHO He 001a1af0T BBICOKMM KaueCTBOM IUIABHOCTH.
['padux xpuBK3HBI ocumyumpyet. Ho, O1aronapst yHUKaIbHON OMIMH CTIIQKUBAHUS, apXUBHBIC
npo¢ I MOXKHO BBECTH B MPAKTUKY COBPEMEHHOTO NMPOEKTUPOBAHMSL.

[Mpumep taxoro npoduis (puc. 13).

Puc. 6.3.13. Tabiuma TOYeK U3 COBETCKOTO apXHBa.



Iepenecem B Web FairCurveModeler (puc. 14).

Puc. 6.3.14. Ilepenoc Tabmuusl B Web.

KauecTBo KprBOii Ha TOUKaX TaOIMIIBI U3 APXUB

Fair

curve

Modele .
Polyline3D

Instructions and Messages

4
a (puc. 15).
Curve
Models
Polyline3D

Quality pararfbe @pve:

Length = 206.31137516962092

Max Curvature - 0.6206728892845034
Min Curvature =
©.00003352014335664094

Potential Energy -
0.9428865566543424

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters
of the curve is continuous and
smooth change of curvature. These
parameters are estimated by the

-

4

Puc. 6.3.15. NURBZS kpuBas Ha TouKax TaOJIMIIBI U3 apXHBa.

Ilepeiinem Ha crpanuiy Hermit3D u criamum npoduib. Y CTaHOBUM OIIMU

@® Smoothing
noisy points
Condor of
smoothing:

Hermite3D

Help | YouTube | Theory

ctions and Messages: | Clear

Quality Params of Curve:

Length = 286.3283758953461

Max Curvature = @.5822377758897733
Min Curvature = @

Potential Energy =
8.9384138242773207

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters
of the curve is continuous and
smooth change of curvature. These
parameters are estimated by the
curvature of the graphs: 1) the

F




Puc. 6.3.16. CrnakeHHBII POQUITB.

Iepenecem NURBzS monens 8 ZWCAD/BricsCAD/AutoCAD (puc. 17, 18).

Puc. 6.3.17. UneanbHbIi rpad ik KPUBU3HBI CTIIAKEHHOTO MPOQHIIS.

Puc. 6.3.18. I'paduk KpUBHU3HBI Ha KOHLIEBOM YYacTKe.

JlaHHas omuus HACTONBKO BrevyaTiuia skcreproB C3D Labs, uro kapTuHKa ¢
U300paKeHUEM yIydiieHHOro npoduis seisieTcs aBatapom paszena C3D FairCurveModeler na
caiite C3D Labs (puc. 19).

>

C3D FairCurveModeler:
MOAENNPOBAHUE COXHbIX
KPUBbIX NUHUIA Knacca F

Mopenupy#ATe CROXHLIE KPHBbIE U NIOBEPXHOCTH CAMOTO

BLICOKOTO KAYecTsa,

3anpockTs

Puc. 6.3.19. ABarap pasnemna C3D FairCurveModeler.

5). Viyuuienue KpuBOii CriiaKuBaHueM 1o “cpeaHeil JuHun”

H3MepeHHbIe TOUKH CO H3MEPHUTENBHOIO YCTPOMCTRA / CKaHEepa YacTo MPECTABIISIOT 3alllyMICHHBIC
touku. Hanpumep, Taxoit hpopmer (puc. 20).



Puc. 20. IIpumep 1oMaHO# 3alIyMICHHBIX TOYEK.

HSMepeHHbIC 3alIyMJICHHBIC TOUKHU:

0.0,0.0,0.0,1.0
-1.39305,17.8646,0.0,1
15.0111,26.3312,0.0,1
6.54445,54.3771,0.0,1
31.4153,64.9604,0.0,1
27.182,91.9479,0.0,1
52.0528,91.9479,0.0,1
61.5778,119.994,0.0,1
95.9736,113.115,0.0,1
118.728,151.744,0.0,1
143.599,137.985,0.0,1
161.061,157.035,0.0,1
182.228,138.515,0.0,1
200.0,150.0,0.0,1
234.615,153.331,0.0,1
239.907,136.927,0.0,1
273.774,148.569,0.0,1
289.649,126.344,0.0,1
316.107,136.398,0.0,1
330.394,112.056,0.0,1
365.319,118.935,0.0,1
369.553,102.531,0.0,1
407.653,109.41,0.0,1
419.294,80.3062,0.0,1
462.157,82.9521,0.0,1
466.919,63.9021,0.0,1
501.315,65.4896,0.0,1
507.665,40.0896,0.0,1
534.124,48.0271,0.0,1
540.474,21.5687,0.0,1
568.519,28.9771,0.0,1
570.107,11.5146,0.0,1
600.0,0.0,0.0,1

3anoMHUM 3alllyMIIeHHBIE TOUYKH B Oydep namsru. [lepenecem nomanyto B Web
FairCurveModeler.

Ha cranune Polyline3D ounctum TekcTBOE mosie u BcTaBuM Oydep namsti. BeimonHum
| 3D Sketch from Table |

JlomaHas 3anTyMIICHHBIX TOueK BBoAuTCs Kak Sketch (puc. 21).



Instructions and ) £35ages

200.0,150.0,0.8,1
234.615,153.331,0.8
239.967,136.927,0.8
273.774,148.569,0.8
289.649,126.344,0.8
316.107,136.398,0.9
330.394,112.056,0.8
365.319,118.935,0.8
369.553,102.531,0.8
407.653,109.41,0.8,
410.294,80.3062,0.0
[}
[}
[}
[}
[}
[}
[}
[}

[ S )

462.157,82.9521,0.
466.919,63.9021,0.
501.315,65.4896,0.
507.665,40.0896,0.
534.124,48.8271,0.
540.474,21.5687,0.
568.519,28.9771,0.
570.107,11.5146,0.

[ )

602.0,8.2,0.8,1

4

Puc. 6.3.21. JlomanaHas 3airyMIICHHBIX TOYEK BBeeHa kak Sketch.

Pa3zMecTuM omopHbIe TOUKH JJIsi TOCTPOCHHSI CrIaKHBAtOIIel KpuBoii (puc. 22).

Puc. 6.3.22. OnopHble TOUYKH Ha 3CKU3€ 3aLTYMIIEHHBIX TOUEK.

YCcTaHOBUM OMIINM:
>(*)Smoothing on noisy
>Degree 4

>Coridor of smoothing 0

Mode: |Vertices || Segments | | Test Geometric Data || Create |
‘ Vertices || Tangents H Curvatures |
Straighten Approxmationt
i« Pozition: |4 Uby Bezm{ Spline
on c:ondor Set:|4 || Prev I Next || Set Index | @by B-Spline
Coridor of Degree:
smoothing: Tertex
View Params:
Add [Verte;
® ex ‘ Zoom Al
Smoothing Insert/Fix | Vertex/Tantent/Curvature T lm
15y X
on no1sy | | Draw Curvature Graph
pownts ‘ Get Params | F—

[TocTpouMm criaxuBaroIy0 KpuByio (puc. 23).

Fair
Curve
Model:
Polyline3D

Instructions and Messages

208.8,156.0,0.6,1
234.615,153.331,0.
239.907,136.927,0
273.774,148.569,0
289.649,126.344,0.
316.167,136.398,0
338.394,112.856,0
365.319,118.935,0
369.553,182.531,0
487.653,189.41,8.0
419.294,80.3062,0.
462.157,82.9521,8
466.919,63.9021,0
581.315,65.4896,0
587.665,48.0895,0
534.124,48.0271,0.
548.474,21.5687,0.
568.519,28.9771,0
570.187,11,5146,0
606.0,8.0,0.0,1

PP IPIPODO- DFIIRIDED




Fair!
Curve
Modele,
Polyline3D

[ Clear |[ Params || Help |
Instructions and Messages

U -
7 :
Quality Params of Curve:
L) Length = 710.7505133555852 '
Max Curvature =
3 ©.006236815327354905
0 Min Curvature =

©.000384145521684568
Potential Energy =
©.008299169221608936

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters

of the curve is continuous and

smooth change of curvature. These

Puc. 6.3.23. CrinaxuBaromasi KpuBasi.

Tpaucdep 8 CAD-cucremy (puc. 24).

Puc. 6.3.24. [lepenoc crnaxuBaronieid kpuoit B CAD-cucremy.
2) YTouHeHHEe KOHIIEBBIX MTApaMETPOB

Tpancdep Ha crpanuiyy NURBS3D (puc. 25).

Fair'
Curve
Modelg,
NURBS3D

[ Help | YouTube | Theory |

5
Instructions and Messages: | Clear |
» Params |
7 N
L) :
Quality Params of Curve:
9 Length = 710.7585133555852
Max Curvature =

©.806236815327354905
Min Curvature =
©.600884145521684565
Potential Energy =
©.008299169221608936

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters

of the curve is continuous and

smooth change of curvature. These |

Puc. 6.3.25. Kpusas na crpannie NURBS3D.
Konsepruposanue B NURBZS u tpancdep B Hermite3D (puc. 26).




Puc. 6.3.26. I'O xpuBoii Ha ctpanuye Hermite3D.

YTouHsieM U PUKCUPYEM KOHIIEBbIE TTapaMeTpPhl

- KOOpAHWHAThI HaYaJIbHOU TOYKH
Set:[0]

[Set Index]

Get Params

X:[0]

Y:[0]

SetParams

Pozition: |0
Set:|0 || Prev | Next |
| Set Index || Fix Poz |
Delete [Vertex
Insert | Add [Vertex
X:|[] |
I\Get Params |
{0 |
| Set Params |

Z:|D |

'KOOp,I[I/IHaTBI KOHe‘IHOfI TOYKH
Set:[5]
[Set Index]
Get Params
X:[600]
Y:[0]
Pozition: |5
Set:|5 || Prev | Next |
| Set Index || Fix Poz |
Delete Vertex
Insert | Add [Vertex
X600 |
uSet Params |
Yo |
| Set Params |
Z:ll} |

PuKcHUpyeM KacaTeJIbHYIO B HAYaJIbHOM TOUKE.
VYcranasnuBaeM pexxuM ‘Tangents’:

Hermite3D




Edit:
Mode: | Tangents
| Segments || Vertices |

| Tangents || Curvatures |

(puc. 27)

Puc. 6.3.27. Ycranoka pexuma “Tangents”.

YcraHaBpiauBaem BCPTHUKAIBHYIO KaCaTCIbHYIO.

Pozition:|[]
Set:|[] || Prev | Next |
| Set Index || Fix Poz |
Delete [Vertex
Insert | Add [Vertex
X0 |
| Get Params |
Y7 113.7422625043073 |
| Set Params |
Z{0 |

(puc. 28).

Fair
Curve
Modele
Hermite3D

[ Help | VouTube | Theory |
Instructions and Messages:
Params

Fair'
curve
Models
Hermite3D

[ap | YouTubo | Theory ]
Instructions and Messages:
Params

-]

Puc. 6.3.28. BeprukanpHast kacaTenbHas B HAYaJIbHON TOYKE.

YcranaBpiauBaeM ImapaMeTphl CTIIaKUBAHUS




Mode: |Vertices || Segments | | Test Geome;r-ic Data || Create |
| Vertices || Tangents || Curvatures |

arranging Straighten Approximation:
) Smooting || Pozition: | 4 by Bezier Spline
on coridor . @® by B-Spline
. Set| 4 Prev | Next || Set Index - P
Condor of | | | l | | | Degree:
smoothing:
View Params:
® ) Zoom All | Zoom
Smooﬁh{ng | Zoom Sketch | | Pan |
on nowsy - | Draw Curvature Graph |
points | Get Params | T Y T
dukcupyem
Pozition: |0
Set:l[] || Prev | Next |

| Set Index || Fix Poz |

Crpoum kpuByio (puc. 29).

Fair

Curve

Modele .
Hermite3D

[Fielp | YouTube | Theary
Tnstructions and Messages
Params

- )

Quality Params of Curve:
Length = 707.1368604148774
Max Curvature -
0.011293300129260854

Min Curvature =
0.6007374830793897355

80000

Potential Energy —
0.012055222795949931

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters

of the curve is continuous and

smooth change of curvature. These |

00968606

Puc. 6.3.29. CriaxuBaromasi KpuBasi ¢ BEpTHKAJIbHOW KacaTeIbHOM.

Tpaucdep B8 CAD-cucremy (puc. 30).

Puc. 6.3.30. CrimaxuBaroiasi KpuBas ¢ BepTHKaJIbHOM kacaTenbHOi B CAD-cucteme.
IIpumeyanus
Kak ¢hukcupoBaTh HEKOTOPHIE TOUKH C KAacaTEIbHBIMU?
TexHomnorus mpoctas

- pa30rBaeM KOHTYp Ha HECKOJIKO HE3aBUCUMBIX Y4aCKOB TOUKaMH ¢ (PUKCUPOBAHHBIMH
KacaTeJIbHbIMH [M KpHBH3HAMH];



- CTJIAKUBACM 3TH YHYACTKH,

- 3aTeM O0BEANHACM ITH YUYACTKH U CTPOMM TJI00aJIbHbIE CIIAWHBI CIIJIAWHBI ¢ (PUKCAITHCH
KacaresbHbIX (CM. ypok 3).

6) Yayumenue ciuiaiitna nanoCAD
CAD-cucrema nanoCAD He BriosHe “kjIoH”. TeM He MeHee, MHOTHE TEXHUKHU
BEITTOJIHSIFOTCA Tak ke, Kak 1 B ZWCAD / BricsCAD / AutoCAD.

Otnnuue B TexHuke coxpanenus mojaean NURBS.

[Tocne co3manus kpuBoi Mojenb KpuBoi nepexoaum Ha crpanuiy NURBS3D (puc. 31).

Fair'
Curve
Models
NURBS3D

[Help | YouTube | Theor |
Instructions and Messages:

Params

TvosoUeoe

Puc. 6.3.31 IlocTpoeHHast MOfielIb KPUBOIA.
>Create
>NURBS to nanoCAD

Beinensiem u 3anomunaem coaepxkumoe (1&M).

| Help | YouTube | Theory |

Instructions and Messages: | Clear

Params

(setq nurbs_1st (cons
“SPLINE") nurbs_lst))
(setq nurbs_1lst (cons (cons 188
“AcDbEntity™) nurbs_lst))
(setq nurbs_1st (cons (cons 180
"AcDbSpline™) nurbs_1st))
(setq nurbs_lst (cons '(21@ 8.8 8.8
1.8) nurbs lst))({setq nurbs lst
(reverse nurbs_1st))
append nurbs 1st

nurbs_lst({append nurbs

(list (cons 71 8))))

nurbs_lst(append nurbs
(cons 72 29}}))
nurbs_lst(append nurbs
(cons 73 2@))))
nurbs_1lst(append nurbs
(cons 74 @))))

OOparuTe BHUMaHUE, TEKCT opopmiteH Kak LiSp GpyHKus

(defun c:spline_in() ...



Cosmaem TekcToBslii ¢aitn Spline_in.lsp.

OTtkpbiBaeM (aiisl 1 BCTaBIISIEM COAEP)KUMOe Oydepa mamsTH.
Coxpanum daii.

ITepeiinem B NnanoCAD.

3arpysxaem npuiioxkenue Spline_in.Isp. BeimonHseM KoMaHTy
Spline_in

Cuctema noctpouT B-crumaitHoByro KpuByto (puc. 32).

Untitled0* X | Untitled1

Model A 2| a1
=

1y (v © Uy \SL . 1) \1U 1US.ULL LU.SUGT U) (S1 . 1) LU LUL.00 -L8.4£73 U) \SL . 1) \1U OU.IJ10 -US.330 U (L . 1) (iU S.ivie ) \sr . 1) (1o

16.162 1. 1) (10 -17.492 -103.131 0) (41 . 1) (10 -44.1718 -92.7971 @) (41 . 1) (10 -62.1945 -79.8569 @) (41 . 1) (10 -72. 9.0765 @) (41 . 1) (10 -
77.5307 -6 70) (41 . 1))

Command:

-351.7000,185.0243.0.0000 SNAP | GRID | OSNAP | O3DSNAP | OTRACK  POLAR | DYN | MODEL &8 I )0 | A lE  mn W @ & oR A

Puc. 6.3.32. NURBS mozeins B nanoCAD.

6.4. Ypok 3. ®dukcanus KacaTeJIbHbIX Ha IJ100aJ1bHOM CILIalHE
1). Ha NURBz cnaaiine

[Mpaktuueckuii nmpumep. Jlana nomanast 1uis mocTpoeHus npoduis (puc. 1).

Puc. 6.4.1. 3aroToBka JJ1s TOCTPOCHUS TPODHIIS.

[epenecem B Web FairCurveModeler. IToctpoum NURBZzS kpuByto Ha ctpanune Polyline u
nepeiinem B Hermite3D (puc. 2).



Fair

Curve

Modele )
Hermite3D

| Help | YouTube | Theory |
Instructions and Messages: | Clear |
| Params |

Potential Energy —
©.009550654929309564

Puc. 6.4.2. 3arotoBka Ha crpanuie Hermite3D.

YcranoBum nozunmio 0. Pekomenyercs 3To nenaTth 0€3 yka3aHus Mapkepa Touku. YToObl
n30eKaTh U3MEHEHUS] KOOPAMHAT.

M3MeHnM KOOpAMHATHI BEKTOPA KAcaTEeIbHOM B HAYAJIbLHOW TOYKE

>Set [0]

>Set Index

>Get Params

>U3menum koopauHaty X Ha 0

Pon/ﬁﬁ\f:t._.

Seti 0 | Prev | Next |

| Set Index | | Fix Poz |
| Delete :[Vertex
|mmr\feﬂex
x{ol
| Get Params |
Y1111.49336722365727 |

| Set Params |
>Set Params
M3MeHnM KOOpAMHATHI BEKTOpPA KACATEIbHON B HAYAJIIBHOW TOYKE
>Set [4]

>Set Index

>Get Params

>3menum koopauHaty Y Ha 0

Set|2 | Prev |ﬁ|

|_ Set ]ndlex | | Fix Poz |

|_ Delete _[Va'tex

|_ Insert | Add [Vertex

X:|205.97942922842665 |

|_ Get Params |

Y:| ] |

| Set Params |

2:|D |

>Set Params

B KOHIIEBBIX TOUKaX KacaTelbHbIE PUKCUPYIOTCS MO YMOTYAHUIO.
3adukcupyem HampaBiIeHHE BEKTOpa B TOUKE 2.
Pozition: |2

Sazﬁlﬁ[m]

|- Set Index || Fix Poz | -

>FixPoz

Onmuro ynyuiieHus: ycranoBuM Ha (*)On points




Fairings:
None

® On points
On

tangents

Redistributing
Smoothing
noisy points

Conidor of

smoathing-

[TpoBepuM mapamMeTpbl OCTPOCHUS
>Test Geometric Data
[TpoBepum napametpsi u3 (1&M):

&("command" crt_hrm)("Login" user106)("Email" userl06 @mail.ru)("k_array" 5)("l_array"
1)("virt_plg_u" 4)("smooth_u" 1)("multiply_u" 0)("cvt_rad" 1)("degree_u" 3)("unclose" 0)("trsn_uQ"
0)("trsn_uk" 0)("fix_pnt_tng" 1)("i_fix" 2)("m_WSC_0_X" -40)("m_WSC_0_Y" -340)("m_dScale_X"
1.2)("m_dScale_Y" -1.2)("k_array_2" 25)("l_array_2" 1)("ed_mode" 1)("index" 2)("spl_index"
0)&("u_degree" 3)("u_cntr_plg" 3)("u_delta" 1.0e-007)("u_itera" 500)("u_segm" 4)("u_bnd_st"
2)("u_bnd_end" 2)("u_create" 3)("u_weights" 2)&("srf_scale" -0.1)("incr_poz_j" 2)("Proj_GD"
1)("Trsn_U0" 0)("Trsn_Uk" 0)&((0,0,0)(50,100,0)(200,150,0)(400,100,0)

JlomkHBI OBITH CIEAYIONIUE TapaMeTphI:
("fix_pnt_tng" 1)("i_fix" 2)

[Toctpoum NURBZzS crunaiin
>Create (puc. 3)

Fair
Curve
Modelgz
Hermite3D

Help | YouTube | Theory
Instructions and Messages: | Clear
Params

B5O0606

Quality Params of Curve:

Length = 766.9941200765097

Max Curvature =
©.909839573813784702

Min Curvature = ©.80075403030254508

=

Potential Energy =
©.910867335766879689

Puc. 6.4.3. NURBZzS xpuBas ¢ ¢ukcanueii kacaTelbHOH B TOUKE 2.
[Mepenecem moaens CAD-cuctemy (puc. 4)

Puc. 6.4.4. Tpaucthep monenmu B CAD-cucremy.
Y6emutech, 4TO B HAUAIBHOM TOYKE BEPTUKAIbHAS KacaTelbHas, a B TOUKE 2 TOPU30HTAIbHAS
KacaTeJbHasl.



2). dukcanus KacateJbHOil Ha B-cruiaiine

IIpemnaraercs ciaenyrooas TEXHHUKA.

[octpoennas NURBZzS kpuBas ¢ pukcupoBaHHBIMH KacaTebHBIMU IIEPEHOCUTCS Ha CTPAHUILY
NURBzS

Change Geometric Determinant:

| To Bezier Spline |

>Create

(puc. 5).

Fair
Curve
Moodele
NURBzS3D

| Help | YouTube | Theory |
Instructions and Messages: | Clear |

\\\\\\\ (Params)

Quality Params of Curve:
Length = 706.9941200765097

Max Curvature =
©.069839573513764702

Min Curvature = 0.00075483630254508
Potential Energy -
©.010567335766579689

@ Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potsntial
energy of elastic phisical spline
deformed along the contour of the
curve. The most important quality
parameters of the curve is
continuous and smasth change of
curvature. These narameters are

6900008000000

Puc. 6.4.5. NURBZzS na ctpanunie NURBzS3D.
Ymnoraum GB-nonuron NURBzS kpusoit

| Subdiv GB-polygon |
>Create
(puc. 6).

Fair
Curve
Modeis
NURBzS3D

| Help | ouTube | Theory |
Instructions and Messages: | Clear |
| Params |

Quality Params of Curve:
Length = 767.6576553427584
Max Curvature =
©.009539573513784691

Min Curvature =
©.0007540303025450558
Potential Energy =
©.010873182520820884

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic phisical spline
deformed along the contour of the
curve. The most important quality
parameters of the curve is
continuous and smooth change of

0000000000000

Puc. 6.4.6. YinorHennsiit GB-noauron NURBZS kpuBoii.
Tpaucdep Ha crpanuy Hermite3D

|_ To Hermite Scheme _k)ﬂl}’ in Bezier spline format

>Create

(puc. 7)



Fair

Curve

Model .
Hermite3D

| Help | YouTube | Theory |
Instructions and Messages: | Clear |
| Params |

Quality Params of Curve:
Length = 707.8576553427584
Max Curvature =
©.009839573813784691

Min Curvature =
©.6007540303025456558
Potential Energy =
©.010873182520820884

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters
of the curve is continuous and
<manth chanse of curvature. These 4

Puc. 6.4.7. Monens nHa crpanune Hermite3D.

Y CTaHOBHUM CIIEYIOIIME OILMH:

Params for V- || Edit: Create Curve:
Curve Mode: |Vertices || Segments | | Test Geometric Data:
| Vertices | | Tangents | | Create |
| Curvature | | Straighten |
Approximation:
(O by Bezier Spline

v B-Spline

tangents

|:Set Index].[ Fix Poz| .
Redistributing || [ paleta [Vertex

Fairing (*)None. Crenens B-crutaitna ycranoBum 6. Kom4ecTBo BEpIIMH MEKAY TOUKAMH

(buKcay WM KOHIIEBBIMUA TOYKAMH JTOJDKHO ObITH Ooubiie Degree/2. 3adukcupyeM Mo3HIIHIO
4.

>Create

(puc. 8).

Fair

Curve

Model )
Hermite3D

| Help | YouTube | Theory |
Instructions and Messages: | Clear |
| Params |

Quality Params of Curve:
Length = 707.0617867684065
Max Curvature =
0.060757507222528977

Min Curvature =
6.000755481593779191
Potential Energy =
©.010574809274932064

Displayed the curvature graph and
curve parameters: the length of the
curve, the maximum curvature of the
curve, the minimum curvature of the
curve, the value of the potential
energy of elastic strips along the
contour of the deformed curve. The
most important quality parameters
of the curve is continuous and
smooth chanee of curvature. These /4

Puc. 6.4.8. B-crinaiin ¢ pUKCMpOBaHHON KacaTeIbHON B TOUKE 2.

[Tepenecem moaens kpuBoit B CAD cuctemy (puc. 9).




Puc. 6.4.9. B-crinaiin ¢ ¢puxkcupoBanHoii kacatenbHolt B CAD-cucteme.

[TpoBepum KadecTBO pUKCAIIMU KacaTeIbHOM.

[Toctpoum otpe3ok u3 Touku 200,0 HopMasibHO K KpuBoi (puc. 10).

Puc. 6.4.10. [IpoBepka TouHOCTH (PUKCALIUH.

# Kontouka
y. 7 CepeguHa
(=) Uermp
[E] FeomeTpruecknii ueHTp
¥sen
(b Keagpant
:: Mepeceyerne
—- Mpogonxenne
4 Bcraska
v - Hopmans
Kacarenshan
v ',-_, Bamsaiiwan
"H, Kayweeca nepeceenmne

// Mapannenshas

MapameTpel 06BEKTHOA NPUEASKH...

moneme (B[~ b & - h - [Z)E] - (R K A - % -+

Bropas Touka orpe3ka paBna (199.99993744, 150.00000034)

leomeTpua
Hauano X
Hauano Y
Hauano £
KoHew X
Koney ¥
KoHey 7
Jeneta X
Odeneta
Aeneta £
AnuHa

¥ron

200

0

0
199.99993744
150.00000034
0

6.5. Ypok 4. Yayumenue ciuiaiina B Apyrux cucremax (NX, Catia, Alias Design

Rhinoceros 3D, u ap.)

[Tpu unrerpanuu ¢ apyrumu CAD-cucTemMax peKoOMeHIyeTcsl IPUMEHATh CIIEAYIOIIYIO

CXEMY.

[TocTpoiiTe OMOpHBIE TOYKH M MTOCTPONTE MO OMIOPHBIM TouKaM ciutaiiH B CAD-cucteme.
CoxpanuTte TOUKH U ciiaiiH B daiin DXF.
B kauecTtBe BcriomoratenbHO m1aT¢hopMbl UCIIOJIb3YHTE

ZWCAD/BricsCAD/AutoCAD/nanoCAD.

[pouwnraiite 8 ZWCAD/BricsCAD/AutoCAD/nanoCAD DXF daiin.

ITocTpoliTe TOMaHyIO IO OIOPHBIM TOYKAM.

[MTepenecure momanyro B Web FairCurveModeler.

[MToctpoiite F-kpuByio u nepenecure B8 ZWCAD/BricsCAD/AutoCAD/nanoCAD.



[IporecTupyiiTe Ka4eCTBO UCXOTHOM KPUBOM 1 F-KpuBoi. YOenuTech B MPEeBOCXOTHOM
KauecTBe F-KpHUBOIA.

1). IokaxkeMm 3Ty cxeMy Ha IpuMepe yiay4iieHue cruiaitna NX.
HapucyeM oropHbie TOYKH | 110 OMIOPHBIM ToYKaM HapucyeMm ciuiaiid B NX (puc. 1).

k-

e[

Puc. 6.4.1. Cnunaita 7-0¥ CTEIEHU.

Coxpanum ueptex B hopmate DXF.

[MTepenecem ueprexxk B ZWCAD/BricsCAD/AutoCAD/nanoCAD. Cawm crutaiid B hopmare
DXF He coxpaHsieT onopHbIE€ TOYKH OCTPOEHUS.

O0603HauUM TOYKHU

_PTYPE

U1 moctponM 10 HUM JIOMAHYIO.

Hcnonp3ys BeioMorarenbHoe npuioxerue V_Spoly, BeiBeseM B IPOTOKOJ TAOIHILY C
KOOpAWHATAMHU TOYEK:

31.4355,-166.826,0.0,1.0

-85.5017,-161.224,0.0,1

-168.382,-57.8911,0.0,1

-178.964,275.761,0.0,1

-61.9373,370.379,0.0,1

127.298,170.561,0.0,1
123.563,-61.0035,0.0,1

[Tepexonum Ha ctpanuity Polyline3D. ITepenecem tabnuiry B mose ‘Instructions and
Messages’ (I&M).

Buumanwue! Ilpu nepenoce tabmuipt B (1&M) n3 nanoCAD o06s13aTenbHO 3aBepIinTe
nepeHoc nocieaneit crpoku tadnuipl kHonkoi ENTER. UToOb1 He mOTepsATh MOCIIEIHIO0
TOUKY.

[TocTpoum crutaiin 8-oii crenenu (puc. 2).



Puc. 6.4.2. Iloctpoenune B-crnaiina crenenu 8.

[Tepenecem crutaita B NanoCAD.
3arpy3um npuinoxkerue V_Test.Isp.
HUccnenyem kauecto crutaitna NX. [Tocrporm rpaduk kpuBusHs (puc. 3).

Puc. 6.4.3. CoBmenieHHbIe Ha yepTexe crutaitHbl. ['paduk kpuBu3HbI crutaitaa NX.
IHapameTrpsi

"Real Length =" 1416.53

"Approximated Length =" 1430.85

"Potential Energy =" 0.0370422

"Min Curvature =" 8.07478e-05

"Max Curvature =" 0.00865677

HUccnenyem nocrpoennyto F-kpusyto (puc. 4).



Puc. 6.4.4. I'paduk KpuBU3HBI F-KpHUBOIA.

[TapameTpsi:

"Real Length =" 1376.95
"Approximated Length =" 1431.99
"Potential Energy =" 0.0348085
"Min Curvature =" 0.00211101
"Max Curvature =" 0.00954703

Kax Buaum Ha JaHHOM IpHUMepe CPaBHUTEIBHOIO TECTUPOBAHMUSI, KauecTBO F-KpuBOH,
IIOCTPOEHHOM Ha TOM € UCXOJHOM JIOMAaHOM OIOPHBIX TOYEK, CYIIECTBEHHO JIy4Ile, YEM
KauecTBO KpUBOH Kitacca A, moctpoeHHoi B NX.

[Tpexne Bcero, meroa NX He y10BIIETBOPSIET INTABHOMY TPEOOBAHUIO K METOJaM —
U30r€OMETPUYHOCTH NocTpoeHus. Ha mpocToit loMaHoi peryssipHOi BBITYKIOH (GOpPMBI CIIIaiH
NX ocuumnupyer.

FairCurveModeler B oopa3zoBanum
Kypcol noBbIleHusi KBaIn(pUKAINH HHXKEHEPOB

Y auBHTENEH Halll POCCUHCKUI MHXEeHEpHbIH “Togurusm”. Pa3roBop ¢ poccuiickum
UH)XEHEPOM-KOHCTPYKTOpoM (nepeaanu pazpadorunkun KOMITAC):

- [IoueMy He HcIIONIBb3yeTe KPUBBIE BEICOKOTO MOPSAIKA INIAIKOCTH?

- A 3auem? VY Hac ¥ 10 KacaTeabHOM Bce paboTaer.

[ToToMm nmpunetaer “xapeHblii neryx”. CHMEHC yJaJI€HHO OTKJII0YAeT ra3onepeKaynuBarome
cTaHiuu. A3po0ycel 1 bouHry 0T3BIBatOTCS. A y Hac CBOSI TEXHUKA HA YPOBHE MPOIILIOTO BEKa.
U yremmts nHxkeHepoB Hekomy — ["aiinap ymep, Uybaiic yoexan. Hy u Haunnaem norossits. He
JIOTOHSATH HaJI0, @ 00roHATh. VI ObITH Beerja BIepeu.

KpuBble BBICOKOr0 KauecTBa 10 KPUTEPHUAM IIABHOCTH (BBICOKOT'O MOPSAKA TTIaJAKOCTH, C
MUHUMAaJIbHBIM KOJINYECTBOM IKCTPEMYMOB KPUBHU3HBI, C MAJIBIM 3HAYEHUEM MOTEHIIMAIBHON
SHEPIHUN) - 3TO He OypiKyasHas JDKeHayKa. JTO HalpaBJeHHe JaBHO "oKyuuBaroT" Ha "3amaze".
T.H. KpuBbIe Ki1acca A U €CTh IPOAYKT pa3pabOTOK B JaHHOM HaIlpaBJICHUU.

MBI JOTKHBI 0CO3HATH, UTO KAU€CTBO MPOEKTOB U3/1EIHH ¢ (QYHKIIMOHATILHBIMA KPUBBIMU
BO MHOTI'OM 33aBHCHUT OT YPOBHSI KOMIETEHTHOCTH UHKEHEPOB-KOHCTPYKTOPOB B 001acTH



reoMeTpuM KpuBbIX. 1 HEOOX0AMMO IPU3HATE, YTO YPOBEHb KOMIIETCHIIMN MH/KEHEPOB B 3TO
00J1acTH B HacToOsIIEee BpeMs KpaiiHe HIU30K. FIMEHHO 3TO MOATBEPKAAET pa3roBOp
pazpaboturkoB KOMITAC ¢ unxeHepoM KOHCTPYKTOPOM. To ecTh GOJIBIIMHCTBO HHKEHEPOB
HE OTJINYAIOT IJ1aIKOCTh KPUBOM OT IUIABHOCTU KPUBOIA.

Ecnu MbI XOTUM OBITH IIEpeA0BOM IPOMBIIIICHHOH JIepaBoil HEOOXOMMO HOBBIILIAT
YPOBEHb 3HaHUI UH)KEHEPOB U BbITYCKHUKOB BY30B.

B coerckoe Bpemst B Y AU Obl1 pakynbTeT NOBBILIEHUS KBATU(PHUKALIMU AJ11 NHKEHEPOB-
KOHCTPYKTOPOB U IpenoaBareseil. Heo6xonnmo Bocco3nars Takue (paxynbreTsl npu BY3ax.

[Ipennarato qBa Kypca.

1. Kypc MonenupoBaHus KpUBBIX M IOBEpXHOCTEH BhIcOKOTO KaduecTBa B CAIIP. B xauectBe
reOMETPUYECKOr0 HHCTpyMeHTa — ucmoib3oBath Web FairCurveModeler.

TpeOyeMblii ypOBEeHb 3HAHHUI KYPCAHTOB:

bazossriit pynkimonan CAD-crucTteMbl 10KEH OBITh OCBOCH. 3HAHUE MMTATHBIX KOMAaH/
CAD-cuctem. MozaennpoBaHue KPUBBIX U TIOBEPXHOCTEH.

2. Kypc paspabotku npunoxenuii B CAIIP Ha muiatdopmax C3D ToolKit u C3D
FairCurveModeler.

TpeGyeMblii ypOBEHb 3HAHUI KypPCAHTOB:
3uanue pynkiponasa C3D/TIMK FairCurveModeler i HaBbIKOB pabOThI B
uHterpupoBanHoii cucreme CAD + Web FairCurveModeler

Heo6xoanMo mocTpouTh 00y4eHHEe B KOHTEKCTE MPOSKTUPOBAHUS TEXHUIECKUX OOBEKTOB C
(GyHKIIMOHAIbHBIMU KpUBBIMU. Ha nmpruMepax npoeKTHpOBaHUs TEXHUYECKUX OOBEKTOB C
TECTUPOBAHUEM B CUMYJISIIUOHHBIX CUCTEMAX:

1) IIpoduns kpeuia. Metoa Abbott’a. Cpeansis munus. DtanoHHbli poduis. [Tepenoc
poduis Ha CPEIHIONO JIMHUIO.

2) [Ipodune Kynauka. AHanu3 IBUKEHUS Toskatess. OnpeaenuTs MaKCUMalbHOE
yckopenue. OnpenenuTs MaKCUMaJIbHOE YCHIJIME Ha TOJIKATEb.

3) Tpacca noporu. TaurenmuaipHblii X011 [Toctpoenue cruaitna B FairCurveModeler.
[Moctpoenue B Credo / IndorCAD. Ananu3 kauecTsa.

4) [oBepxHOCTH ITyTA.

5) IoBepxHOCTH AM3aitHepckoro usnaenus. Meton B-crutaiitnos. Meron NURBzS
noBepxHocTu. TectupoBath kauecTBo. CpaBHUTH.



