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AnHOoTanusa

B Hacrosamelr paboTe ONMCHIBAIOTCA BO3MOXKHOCTH IIPOTPAMMHOIO  KOMILJIEKca
FairCurveModeler, ncmosb3yemMoro 71 BU3yau3anii KPUBBIX JUHUN U TOBEPXHOCTEN BBI-
COKOTO KauecTBa [0 KPUTEPUAM IIABHOCTH, pa3pabOTKa KOTOPOTO IMPOJIOIKAETCS OKOJIO Jie-
catu Jsiet. [Ipeasaraerca yHuBepcajibHas IporpaMMHas iaTdopma /Aj1d BU3yaanusanuu Kpu-
BBIX KJ1acca F v pa3paboTKU CHEUATN3UPOBAHHBIX TPUKIAAHBIX TpuitoxkeHud s CAIIP Ha
6aze Microsoft Excel VBA, nporpammuoro komiuiekca FairCurveModeler 1 crcTreM KOMITbIO-
TepHON MaTeMaTUKU. J[eMOHCTpUpyeTca IpUMeHeHNe MPOrPaMMHOU IIaTGOPMBI JJ1s1 BU3Y-
anu3anuu (PyHKIMOHAJIBHBIX U 3cTeTUYecKuX KpuBblX B uMHTerpanuu ¢ CAITP Fusion360.
PackpriBaeTcs 3HaueHUe KPUBBIX /I BU3yaJIU3allui KauecTBEHHOU reoMeTpuu GOpMBbI U3-
Zlesius B IIPOMBINIUIEHHOM Au3aiiHe. Kpome Toro, mojiuepkuBarTcs TpeOOBaHUSA K XapaKTe-
PUCTHKAM KPUBBIX Kjacca F i dopMUpoBaHUA BU3yaJIbHOW YUCTOTHI (POPMBI B TPOMBIIII-
JIEHHOM Ju3aiiHe 1 o0ecreueHus MOJIOKUTETHHOTO SMOIIMOHAIIBHOTO BOCIPUATHS 3PUTEIb-
HOTO 00pa3a U3/IesTus YeJ0BEKOM.

KiroueBbie cyioBa: KpuBas BBICOKOTO KadecTBa, CyllepClHpasib, KpuBas kjacca F,
dopmoobpazoBanue, CAIIP.

“Her mperpaj uyeiOBe4YeCcKOU MbICIN.”
Cepreii [IaBiioBuu Koposiés

BEPXHOCTU ITOYBOOOpAOATHIBAIOIINX arpe-
1. BBeneHue raToB, MPOGUIN KyJIaUKOB, OCEBbIE JIMHUH
Tpacchl JI0poT, MPOoUIN KPHUIBEB JIETa-
TeJIbHBIX alMaparoB, JIONACTU TYpOUH U
KOMIIPECCOPOB.

B pabotax [1-2] 6a30BbIe TpeOOBAHUSA K
Ka4yecTBY (PYHKIIMOHAIBHBIX KPHUBBIX CTPO-
SITCA HA OCHOBE aHAJIN3a JABIIKEHUS Mare-
PUQJIBHOU TOYKU II0 TPaeKTOpPUHU IIPO-

Cy1ecTByeT OOITUPHBIN KJIACC U3 ETUU
¢ (YHKIIMOHAJIBHBIMU KPUBBIMU U IIO-
BEPXHOCTSIMU, OIPEAEISIOIMNMH UX CyIIe-
CTBEHHBbIE TIPOEKTHBIE XaPAKTEPUCTHKH.
ITO, K NMPUMePY, BHEIIHUE OOBOJABI JIeTa-
TeJIbHBIX alllapaToB, Cy/I0oB, paboune mo-
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CTPaHCTBEHHOU KpUBOH. ATu 6A30BBIE TPE-
OoBaHUs, 0000IIEHHBIE B paborte [3], Oa-
BUPYIOTCS HA KPUTEPUAX IIABHOCTH U UH-
BApDUAHTHBI OTHOCUTEJIPHO CIIeNU(UKU
SKCIUTyaTallul KOHKPETHOTO U3/eJTUS:

1.  ITopsAmOK IJIAIKOCTU He HIKE 4-X;

2, OtcyrcTBUE WM MHHHMAaJIbHOE
KOJIMYECTBO SKCTPEMYMOB KPUBU3HBI;

3. Mavtble 3HaYEHUsI BapUallii KPHU-
BU3HBI 1 CKOPOCTH €€ U3MEHEHUS;

4. MaJioe 3HaueHUe IMOTEHIIUAILHON
SHEPTUU KPUBOI;

5. ACTETUUECKUH aHAIN3 C IO3UIUU

3aKOHOB TEXHUYECKOU DCTETUKHU.

KpuBble BBICOKOTO KadecTBa, y/AOBJIE-
TBOPSAIOIIKE BBIIIENIEPEUYNCIEHHBIM KpHU-
TEpPUSAM IJIABHOCTH, OBLIM Ha3BaHBI KPU-
ebimu Kaacca F (Functional) [3-5], B oTyiu-
yye OT TEepMHHA Kpusble Kaacca A
(Aussenhaut), KOTOpPBII OBLT TO3aUMCTBO-
BaH /[xkepanbaoMm ®PapuHOM U3 ONUCAHUA
CAITP SYRKO ¢upwmsr «Daimler-Benz AG»
JUIST MOJIEJTUPOBAHUS BHENIHUX (B IEpPEBO-
Jle ¢ HeM. s3bIka aussenhaut — BHeIIHUIT)
ITIOBEPXHOCTEHN aBTOMOOWMJIA [6].

M3BecTHO, UTO BCE MPOEKTHPYETCA ISt
JIIOEeH, TaK KaK IJIaBHBIM OOBEKTOM BHU-
MaHUs SABJISIETCSI YEJIOBEK — ITOTPEeOUTEND
OIIpe/IMEUEHHBIX B U3JIETHUSIX CBOUCTB CBO-
VX JKU3HEHHBIX IOTpeOHOCTel. JlaHHBIE
W3JIeJIUS CO3JAI0TCS CPEeJCTBAMU MaTepH-
aJIbHOTO W JYXOBHOTO IIPOU3BOJCTBA, 00-
pa3yloT HaIlOJIHEHUE JKU3HEHHOTO IIpo-
CTPaHCTBA YeJIOBEKa, B KOTOPOM OH pac-
KPBIBAET UX COJIEp:KaHUE U JIAET UM COOT-
BETCTBYIOIYIO OIleHKy. Ho ueyioBek orle-
HUBaeT TOTOBBIM IIPOAYKT KU3HEHHOU
HeoOXO/IMMOCTH He y3KOHAIIPaBJIEHHO, a B
COBOKYITHOCTH BCEX €ro KauecTB. [ J1aBHBIH
CHUTHAJI O TIOJIE3HBIX CBOMCTBAX U3/IE/INA OH
IIOJIy4YaeT uyepe3 3pUTETbHBIN KaHasl CBA3H.
B sTOM cmbIcie popma mpoayKTa, KOTOPYIO
YeJIOBEK BOCIIPUHHUMAeT Ha YpPOBHE CeH-
COpHOTO NpuéMa uHGpOpManunu, BhIpaKaeT
B CBOHX XapaKTEePHUCTHUKAaX OCHOBHBIE Kaue-
CTBEHHbIE MOKa3aresau. Kak mpaBusio, rap-
MOHUYHAasA (popMa sIBJsieTCs aJeKBaTHBIM
OTpa’keHUEM OCHOBHBIX TEXHHUKO-
SKCIUTyaTallHOHHBIX CBOWCTB U 3CTETHUUE-
CKUX KauvyecTB HPOMBIIIJIEHHOTO W3NS,
B cBoio ouepenp, sCTETUYECKHE KauvyecTBa
(opMbl, BOIUIOLIEHHBIE CPEACTBAMHU JU-
3aifHa, WUTPAlOT BaJKHYIO POJIb B IPOJBHU-

)KEHUMW TIPOMBIIJIEHHOTO WU3Jeaus Ha
pbIHKe cObITa. «...KomMMepueckuil ycrex
J11000T0 U3 MPOAYKTOB, KOTOPBIE UEJIOBEK
HCIIOJIB3YET, ¢ KOTOPBHIMU paboTaeT wWiu
KOTODPBIE BH/IUT, B 3HAUUTEIBHON CTEIEHU
3aBHUCUT OT HX Ju3adHa» [23]. B sTom
cMbIcie Hambosiee SIPKUM OOpa3IOM BBI-
pakeHHOro ¢dopMooOpa3oBaHUsA C Kaue-
CTBEHHON TeoMeTpHUell IOBEPXHOCTH MO-
JKeT CIIY>KUTh 3CTETUKA aBTOMOOWIIA - 00b-
€KTa TPOEKTUPOBAHUA IPOMBIILJIEHHOTO
Iu3aliHa Kak caMoOro HAyKOEMKOTO BHA
Xy/I0’KECTBEHHOTO KOHCTPYUPOBaHUA. BbI-
COKHE DCTETHYECKHe KadecTBa (HOPMBI SB-
JIAIOTCA TIOKA3aTeJIeM XOPOIIEero YpPOBHS
JN3aiiHA U3/AeJIUA U CIIy:KaT BaKHeUIeu
XapaKTEPHUCTUKON IIPU OILlEHKE aBTOMOOU-
JI1 TIOKyIlaTeJeM, a TakKXKe CTaHOBATCS
3HAUUMBIMH M I MHOXKECTBA JIPYTUX
00bEKTOB MPOMBIIIUIEHHOTO JAu3aiHa. B
KOHTEKCTe JM3aliHa aBTOMOOWJIA IIOJ €ro
OCHOBHBIM 3CTETUUYECKHUM AacCIeKTOM IIO-
HUMAaeTCsl CIIOCOOHOCTh (POPMBI, OCHOBAH-
HOM Ha BBICOKOM KAaUeCTBE T'eOMeTpHUYe-
CKUX CBSI3€N OT/EeIbHBIX (popMoOOpasyo-
IUX YYaCTKOB MEXKAY COOOU, IIOJIOKH-
TEJIPHO BO3/ENCTBOBATh HA IICUX03MOITUO-
HaJIBHYIO cepy uesioBeka U GOPMUPOBATH
HEOOXOAMMBIN JJjiA TOKYIKH TOBapa pe-
KJIaMOCIIOCOOHBIN  3CTETUUYeCKUU 00pas.
Ero copep:xanve 3aBHCUT OT 33JIaHHOU
KOMMO3UIIMOHHON  CTPYKTYpPhl  (POpMBI,
pas3JINYHbIe acleKThl KOTOPO OPUEHTHUPO-
BaHbl Ha obeclieueHUE ITOJIOKUTEIHHOTO
SMOIIMOHAJIHOTO BOCIIPUATUSA TeOMeTPUU
TIOBEPXHOCTU U3/IeJIUs 4YeJIOBEKOM B pas-
HBIX IIPeMeTHO-IIPOCTPAHCTBEHHBIX yCJIO-
BUAX U MPU JIIOOOM XapaKTepe OCBEIEeHU .
B pganmHOM cCiiydae, mojipasyMeBaeTrcs TO,
YTO HE3aBUCUMO OT XapaKTepa U YCJI0BUU
ocBellleHus (paccesHHOe, IPAMOU Ia/1a10-
AN CBET, JHEBHOE, HOYHOE W T.H.) CTa-
OWJIBHO POBHOE JIBUKEHHE CBETOBOTO OJIH-
Ka II0 TOBEPXHOCTH (HOPMBI AaBTOMOOMIIS
JIOJ’KHO SIBJISIThCSA TIOKA3aTesleM HUJleaslb-
HOU IIJIABHOCTH COEIWHEHUS OTAEeIbHBIX
dopMo0Opas3yoIMUX YYACTKOB HW3JIETHU.
Bricokass KyJsibTypa IIABHOCTH IIepexojia
MEXAY OTAETbHBIMHU ITOBEPXHOCTSIMHU CO-
371aET BU3YAJIBHYIO UHCTOTY (POPMBI, KOTO-
pas y»Ke Ha ypOBHEe 3pUTEJBHOrO KaHaJa
CBSA3U TpaHCHOPMUPYETCSA B 3CTETUUECKOE
Ka4yecTBO.



BaxHO TOAYEPKHYTD, UTO 3CTETHUYECKIE
cBolicTBa (OpMBI MPOJYKTA Au3aiiHA C
UJIeaJIbHBIMU  CONPSKEHUAMH  (pOpMO0O6-
pPa3yoIuX MOBEPXHOCTEH OCTaTCA II0-
CTOSHHBIMH B  JIIOOBIX  IIPEJIMETHO-
IIPOCTPAHCTBEHHBIX CUTYyaIlUsIX U He pas-
pYILIAIOTCA B 3aBUCHUMOCTU OT YCJIOBUH
BOCIPUATUA, KOTOpble TOJIBKO MEHAIT
KapTHHY [ICUXO0JIOTUYECKOTO MepeKUBaHUA
ACTETHYECKOTO 00pa3a usJieus, TaKk KakK B
Pa3HOM  IIPEAMETHO-IIPOCTPAHCTBEHHOM
OKpY’KEHUU OIOCPEIOBAaHHO Ipeodpaso-
BBIBAETCA SMOIIMOHAJIFHO-
IICHX0JIOTUYECKOE COCTOSHUE PelUIINeHTa.

Takum 00pasoM, 3CTETHKA CTAHOBUTCH
BOKHOU COCTaBJIAIOIIEN MOTPEOUTETBCKUX
cBoricTB mazenus. OueBuzHO, YTO OOJIEee
IUIaBHbIE KPHBBIE U TOBEPXHOCTU OoJiee
acretTnyHbI [25]. CoOCTBEHHO, caM TEPMUH
naasHas kpueas Hecer B cebe dcTeTHUe-
CKYIO COCTaBJIAIONIYI0. B HacTosmen pabo-
Te Tmpeajaraercsi 0a30Bble KPUTEPUU
IUIABHOCTU CYUTATh U SCTETUUYECKUMU
KpPUTEPUAMU IIPU OIleHKe KauecTBa GOpM.

B pabote [3] kpuBbie, popMooOpasyIo-
I[1ie II0BEPXHOCTh, 3CTeTUUECKHe KauecTBa
KOTOPOU SBJIAIOTCS BaKHOU COCTaBJIAIO-
el MOTPEOUTELCKUX CBOMCTB U3/,
ObUTM Ompe/eseHbl KaK 9SCTeTUYECKHE
dyHkunonanbpHble KpuBble. K oneHke ka-
YyecTBa 9SCTETUYECKUX (DYHKIIMOHAJIBHBIX
KPUBBIX IIpEJIJIaraeTcsi MHOTOKPUTEPUATh-
HBIU MO/IX0/I. ABTOPHI paboThI [3] cunTaror,
YTO MPUOPUTETHHIM SIBJISIETCA OIEHKA II0
KpUTEpUSAM  IUIABHOCTU.  JKCIepTHasd
OIlEHKa C MO3UIMH 3aKOHOB TEXHUYECKOH
SCTETUKU IpaBOMEpHa TOJIBKO IIOC/IE
OIIEHKHU Ha MJIaBHOCTH WJIU IIPU OTCYTCTBUU
BO3MOXKHOCTH IIPOBEJIEHUS TaKOTO aHAJIU-
3a.

2, IIporpaMMHBIH KOM-
miaekc FairCurveModeler

Jlns Bu3yasM3alyd KPUBBIX JIMHUH WU
IMOBEPXHOCTEN Kiacca F paspaboraH mpo-
rpaMMHBIN KoMIuiekc FairCurveModeler,
peaqin30BaHbIl B BHJE IPUWIOKEHUU
AutoCAD [7], Fusion360 [8], nanoCAD,
KOMIIAC [9], Mathematica [4], B Buzae
00J1auHOTO MIPOJYKTa Web
FairCurveModeler [10]. IlepeBoxm mpo-
rpammbl nof, apyrue CAIIP ¢ ucnosnb3oBa-

HueM ux API nmpexacrasasger TPyZIOEeMKYIO
3azauy. Takke TPYZOEMKO OJIHOBpEMEH-
HOe pacuiupeHue (GyHKIUOHaJIa IIPO-
rpamMHoro komiuiekca FairCurveModeler
BO BCEX €Tr0 peain3alusax.

B [11] mpeptaraercsa uaess 0 BO3MOKHO-
CTH HCIIOJIb30BAHUS YHUBEPCAJIBHOU IIPO-
rpaMMHOU IIaTGOPMBI, HHBApUAHTHOU
OTHOCHUTEJIbHO CcIenu(pUKU KOHKPETHBIX
CAIIP. B xauecTBe TakoW ITPOTPaMMHOMI
1aTHOPMBI TIpeJiyIaTaeTcsl MCIOJIb30BaTh
coueranue u3 Microsoft Excel VBA, mpo-
rpamMHoro komiuiekca FairCurveModeler
U cucTeM KOMIBIOTEDHOM MaTeMaTUKH.
IIporpammHas 1miatdopma Ipe/lHa3Hayde-
HAa 71715 BBITIOJTHEHUS CJIEAYIONINX 3a/1a4:

I BU3yamu3aluil KPUBBIX JIH-
HUU U IIOBEPXHOCTEN BBICOKOTO KauecTBa
s mobbeix CAITP. ITpu aToM HeT HEOOXO-
JIUMOCTU repeHoca pyHKIIMOHAIA
FairCurveModeler na npyrue CAIIP, wuc-
nonb3ysa ux API. JlocraTouHO Hamucartb
VTHUIUTBl 0OMEeHa TeOMETPUYECKUMHU MO-
nenssmu Mexxay Microsoft Excel u CAITP
WIA WCIOJIb30BaTh CTAaHZAPTHBIA OOMeEH
yepe3 DXF-daii.

s pa3paboTKu CHenuajIn3upo-
BAaHHBIX  MNPWIOKEHUN  (IPUKJIATHBIX
CAIIP), wucnosp3yonux QYHKIIIOHAI
FairCurveModeler. [Insa storo mpemocras-
JisieTcsi Habop MPOTpaMM € OTKPBITBIM KO-
JIOM, PpeaJn3ylIUX UHTepdenc Mexay
Microsoft Excel u FairCurveModeler.

HeoOxonMMbIM  KOMIIOHEHTOM  IIPO-
rpaMMHOU 1aTdopmel U, Boobiie, CAIIP,
TaK>Ke ABJIAIOTCS CUCTEMBI KOMIIBIOTEPHOM
MareMaTUKU. HeoOX0AUMOCTh U BaXKHOCTD
MareMatuyeckoro ammapara A  CAIIP
npekpacHo noHuMan Camyas [eficbepr u
Matik IleiiH, KOTOpble BBeJU IAKET
Mathcad B coctaB mpoyKTOB KOpIOpamuu
PTC [12].

CucteMbl KOMITBIOTEPHON MaTeMaTHKH
COBMECTHO C IPOTrPaMMHBIM KOMILJIEKCOM
FairCurveModeler ucnosb3yiorest

JUTSL BBIUUCJIEHUSI T€OMEeTPHUUEeCKO-
ro ompezeanuTesns DPMUTA, HEOOXOAUMOTO
JUIsT  anIpOKCHUMAIIUM  QHAJIUTUUYECKOUN
kpuBor mocpezctBoM NURBS-kpuBoit u
BBOoZIa B CAIIP aHanmuTH4YeCcKOU KPUBOU B
Buzie NURBS ma6ona [13]. TeomeTpuue-
CKUI ompezeuTesib IPMUTA MPE/ICTABIIA-
eTcsi B BHe TaOJUIBI KOOPAUHAT TOYEK



ONOPHON JIOMAaHOH, BEKTOPOB TEPBBIX
IIPOM3BO/IHBIX, ITOJIOKUTEIHHBIX 3HAUEHUN
KPHUBU3HBI, IJIMH CETMEHTOB KPUBOU MEXK-
Jly OTIOPHBIMU TOYKaMHU U €/INHUYHBIX BEK-
TOPOB KPUBU3HBI;

ISl TJIyDOKOTO W BCECTOPOHHETO
a"anu3sa nocrpoeHHbIX NURBS kpuBbix o
KPUTEPUAM IJIaBHOCTH;

i aHasmza NURBS kpuBoil Ha
Ipe/IMeT COOTBETCTBUS WHKEHEPHOU IeJTn
(mampuMmep, I aHAIN3a T€OMETPUUECKUX
nmapamMeTpoB mpoduid KyJgadka Ha COOT-
BETCTBHE 33/IJaHHBIM MaKpoIllapaMeTpaM U
JIMHAMHYECKUM XapaKTEePUCTUKAM KyJiad-
KOBOT'O MeXaHU3Ma).

Takum oOpas3om, MporpaMMHas ILIaT-
dopma mpescraBisier cOO0OM HWHTETPUPO-
BaHHYI0 CHCTEMY, OOBeIHHAIYI Mi-
crosoft Excel VBA, FairCurveModeler u cu-
CTEMbBI KOMIIBIOTEDHON MaTEMaTUKH.

Omnucanuve NporpaMMHOU IJIaTHOPMBI

YHuBepcasbHasA TMporpaMMHas IIaT-
dopma m1a Bu3yasm3anuu KpPUBBIX U IIO-
BepxHOCTel Kiacca F u pa3pabOTKu MpH-
knanabix CAITP uzgenuii ¢ GyHKIMOHAb-
HBIMU KPUBBIMHU U MOBEPXHOCTSMH COCTO-
UT U3 CJIEAYIONUX KOMIIOHEHTOB:

FairCurveModeler — mporpamm-
HBI KOMIUJIEKC JJIs BUBYJIH3alluU KpH-
BBIX kKjacca F;

Microsoft Excel VBA,;

CucreMbl KOMIIBIOTEPHOUN MaTeMa-
tuka Mathcad u Mathematica;

MeTo/1 TIOCTPOEHUS] KPUBOH BBICOKOTO
KauyecTBa COCTOUT U3 CJIEAYIONIUX STATIOB.

Ha aByx BHAax reoMeTpUYECKOTO
omnpeziesIuTeNsI BUAA OIOPHOU JIOMaHOU
WJIN KacaTeJIbHOU JIOMAaHOU CTPOUTCA BUP-
TyasbHas KpuBas (v-kpuBas) kinacca Cs.

Ha v-xpuBoil ¢popmupyercs reo-
METPUYECKUU ONpeAenuTe/ib JPMHUTA B
BU/le TaOJUIIBI KOOPAWHAT TOYEK, Kaca-
TeJIPHBIX BEKTOPOB M 3HAUE€HUU KPUBU3HBI.

Ha reomerpuyeckoM orpesenTe-
Jie DpMUTA U30T€OMETPUUECKH U C COXpa-
HEeHUeM KauecTBa U-KPHUBOM CTpoOATCA
NURBzS kpuBas (panuoHajbHas CILIal-
HoBas kpuBasa besbe) i NURBS kpuBas
(HeoTHOPOTHBIN panoHaIbHbIN B-
CIUTAaH BBICOKOUM YETHOM CTENEeHH M, IJie
m ={6,8,10}).

TeopeTrnueckie OCHOBBI IIPOTPAMMHOTO
KOMILJIEKca MOAPOOHO OMUCAHBI B paboTax

[14-17]. [IporpaMMHBII KOMILJIEKC COCTOUT
u3 nByx 4acreri: COM-kommonenTta Fair-
Curve.exe u unTep¢ e CHON YaCTHU.

CucreMbl KOMIIBIOTEDHON MaTEMAaTUKU
Mathcad u Mathematica HeoO6xoaUMBI J11
a"asm3a NURBS kpusbiX, NOArOTOBKU
JIAHHBIX JUUIS alIPOKCUMAIIUN aHAJIUTHYe-
ckux KpuBbix B FairCurveModeler, s
pelleHys] BRIYUCIUTEIBHBIX 33/1a4 B IIPU-
xi1agHbix CAIIP.

WaTerparnus mporpaMMHO# I1atdop-
MbI ¢ Fusion360

KoHuenmusa mnprMeHeHUs YHUBEPCAIb-
HOH ITPOTPaMMHOM IJIaT(OPMBI IIO3BOJISAET
06e3 0coDObIX TpyAO3aTpaT IlepeHecTH
GyHKIHOHAJI TPOTPAMMHOTO KOMILJIEKCA
FairCurveModeler B o6yio  CAIIP.
Hanpumep, 3Ta KOHIIENIUA JIETKO peain-
gyerca i nepcrektuBHou — CAIIP
Fusion360, sBisAiomecss amMOHIIMO3HBIM
MIPOEKTOM Autodesk. DyHKITTOHAT
Fusion360 obecriedynBaeT Bce CTauM IIPO-
eKTUpOoBaHUs usnaenusa. Fusion360 - 3To,
[0 CYIIECTBY, aBTOMaTU3UPOBAHHOE pabo-
yee MecTo wHKeHepa. [Toatomy, eciu Jio-
nosHuTh QyHKIMoHan Fusion360 ¢yHK-
MUSAMU BU3yaJIM3alluiy KPUBBIX Kiacca F,
To Fusion360 craHeT caMOJOCTaTOUYHOMN
BbIcOKOK1accHou CAIIP, criocobHOH Moe-
JIMpoBaTh (GYHKIIMOHAJIBHBIE U 3CTETUYE-
CKHe KpHUBbIE WM IIOBEPXHOCTU U3/IEJINH,
BILIOTH /IO BHEIIHUX OOBO/IOB CyTIEPKAPOB.

[IporpamMHbIi KOMILJIEKC
FairCurveModeler nmeer peaausaruio moz
Fusion360 [8]. [InaTtdopma ucnosbdyercs
Il paciiupeHus (QyHKIUOHAIA IPUJIIO-
»kerus “FairCurveModeler app Fusion360”
U U1 BO3MOXKHOCTH Pa3pabOTKH TpH-
knaaHbix CAIIP B mHTErpupoBaHHOU CU-
creMe TporpaMmHas  Iwiargopma  +
Fusion360. /[y obecrieueHns1 HHTETPAITUU
cpenctBamu  API (Application Program-
ming Interface) Fusion360 paspaboran
IUIATWH, KOTOPBIM oOecrieynBaeT oOMeH
reoMeTpuuecKUMu obbekTaMu ¢ Microsoft
Excel. B cocraBe mporpammuo# mardgop-
MbI mpejicTaByieHa kHura Microsoft Excel
‘FCModeler+Fusion360.xlsm’, KOTOpast
obecrieunBaeT nepempauy NURBS mopesneit
B Fusion360.

Hwmxe ommiieM TEXHOJOTHIO PabOTHI C
MIPOrpaMMHOU TIATHOPMON /1 BU3YIU-



3aumu  KpuBbix kimacca F B CAIIP

Fusion360.

1. ITocTpoeHue v-KpuBOU
Ha OIMOPHOU JIOMaHOM

a) B Fusion360 nmocTpoiiTe JIOMaHYyIO.

b) Bri3oBUTE IIaTMH  KHOIIKOM
[plug_in_FairCurveModeler] Bo BkIagke
ADD-INS pab6ouero mpoctpanctsa Model.

c) B JTUAJIOTOBOM OKHE
'FAIRCURVEMODELER' mnpuioxkeHusi B
obsactu ‘Exchange Options’ BkjouuTe 1e-
perstrouaresib Ha 'Points'.

d) Bsibepure mocienoBaTEIbHO BEP-
IITUHBI IOMAHOM.

e) Haxwmure kHONKY 'Exchange' B 1u-
sioroBoMm okHe 'FAIRCURVEMODELER'.

f) B TexkcroBom okHe 'Exchange Box'
MOSBUTCA TEKCT MOJ[eJI 00BeKTa. YCTaHO-

BHUTE Kypcop B TekcToBoe OkHO 'Exchange
Box', BeIziesimTe Bech TEKCT (MCIOIB3yHTE
kHonku 'End', 'Shift + Home') u ckomu-
pyiite B 0ydep obmena ( 'Ctrl + Insert').

g) Ilepetimure B kKHUTY Microsoft
Excel ‘FCModeler.xlsm’ Ha crpaHumy
'Polyline' . BcraBbTe comep:xkumoe Oydepa
obmeHa B 00J1aCTh JINCTa, HAYUHASA C STUEH-
k4 Set_ XYZ (C12).

h) B oG6nactu Topology BriounTe
nepeksrouatesnb Unclosed (stomanas Hesa-
MkHyTa). B obsmactu "Type GD' BxiatounTe
Basic (ommopHast 1omaHast).

i) Jlia mocTpoeHUsl V-KPUBOM Ha
OIIOpHOUW JiomMaHOW Hakmure |[Create
Curve]. IIporpamma moctpoutr Trpaduk
KpUBOU (PYHKIIMM €€ KPUBU3HBI HA CTpa-
Hure Graphics (puc. 1) u cdhopmupyer
NURBzS Mojzenp KpUBOM Ha CTpaHUIle
NURBS.

Kpneuzna

£\
e

»137

Puc. 1. I'paduk kpuBoii ee KpuBU3HBI HA cTpaHulle Graphics.

s BBoma NURBS-mopesnu B mpoekT Fusion360 ucnob3yioTes /iBa crrocoba:

BBOJ NURBS mMozies1u B MpOeKT mOCpeACTBOM ILJIaTUHA;
BBoJI NURBS mopenu B mpoekT uepe3 DXF-daii.

Broag NURBS Moz€e/iu B IPOEKT IOCPEACTBOM IJIaTUHA

a) Jlnsa nepenoca kpuBoi B Fusion360 nepetigute B kuury Microsoft Excel ‘FCModel +
Fusion360.xlsm’ (manka ‘apps Fusion360’) Ha crpanuny Fusion360. HaxkmuTe Ha KHONIKY
[from NURBS to Fusion360] (puc. 2). ITporpamma ckonupyer NURBS-mozesnb B Oydep 06-

MEHaA.



D I

> to Fusion 360

from NURBS to Fusion360

from 'Curvature Graphics' to Fusion 360 rpadwa xpusnzea ¢ nucra 'Graphics' B

Nepenoant 3D nomumeswo ¢ mcra (¢
svein Al) B veprex Fuson360

Neperootr NURBS xpusyo ¢ nucra
'NURBS' 8 weprex Fuson360

MePEHoTHT MHTEPNONMPOBAHHEIE TOMKM

From 'Curve Graphics' to Fusion 360 rpacdwxa kpusoit ¢ nincta 'Graphics’ B vepTex

yeprex Fuson360

nepemoﬂ MHT EPNOIPDOBAHHLIE TOVXH

Fusion360

Puc. 2. Kaura Microsoft Excel ‘FCModel + Fusion360.xlsm’, crpanura Fusion360.

b) Ilepetizure B Fusion360.

c¢) Bcrasbre Teker B ‘Exchange Box’'.

d) IIpwioxkeHue BBIBEJIET COODIEHNE
‘Press OK to create Object’.

e) Haxmure OK B oKkHe cooOiieHus.
Haxxmurte OK B 1UajloroOBOM  OKHE
FAIRCURVEMODELER.

CpencrBa API Fusion360 mpegocrasiis-
I0OT CpeacTBa /JJjig BBojga B Fusion360
NURBS mopeneli kxpuBbIX B T.H. dopmaTe
‘transient’ (mpomesxyTounslii). OmHAKoO, B
API Fusion360 OTCyTCTBYyeT METO/, IIPSMO-
ro BBOJIa KpHBO# u3 ¢opmarta ‘transient’ B
poeKT. JIJI BBOZJa KDUBOU B MIPOEKT KPHU-
Bas B IJIaTMHE UHTEPIIOJINPYETCS, U HA UH-
TEPIIOJIUPOBAHHBIX TOUYKAX Te€HEPUPYETCS
CIUIaliH BHYTPEHHETO MPe/ICTaBIEHUS.

f) [Tpuno:keHre BBIBEJIET COOOIIe-
ure 'Standard curve successfully created
on points of a fair curve, number of points

g) Haxwmure OK. KpuBas nmocrpoeHa.

h) IIpoBepbTe KauecTBO KpUBOWM. BbI-
JleJINTEe KPUBYID. B KOHTEKCTHOM MEHIO
Bb10epuTe "Toggle Curvature Display'.

i) IIporpamma mnoctpouT rpaduk
KPUBU3HBI HAJl KPUBOM.

Nmmoptr NURBS mogeneit B ¢dopmare
‘transient’ JaeT BO3MOXHOCTb BBIYMCJIUTH
JII0601 TTapaMeTp, HO He MTO3BOJISIET BKJIIO-
YUTH B IIPOEKT TOYHYIO MOZeJIb IIOCTPOEH-
HOU KpUBOU. MOKHO MOJEh BBECTU B
IIPOEKT TOJIBKO OTIOCPE/IOBAHHO IIyTEM arl-
MPOKCHUMAITUHN  CIUIAWHOM  BHYTPEHHETO
Mpe/icTaBieHnusA. [JITaBHBIM HEJIOCTaTKOM

CIUTaliHa BHYTPEHHETO IPe/ICTAaBJIEHUs SB-
JIsIeTCsI TO, YTO OH HE COXPaHsSeT 3HAUYeHUs
rPaHUYHBIX TAapAMETPOB KCXOTHOH KpPH-
BOM.

JIJ1s1 TTIOCTPOEHUS] HEBAMKHYTHIX KPHBBIX
C COXpaHeHWeM KauyecTBa U-KPUBOH Ipej-
Jlaraercs cJeAyioIias TEXHUKA.

Beog NURBS moaen B OPOEKT
gyepe3 DXF-daiin

a) Ilocse mocTpoeHUs KpUBOU B KHH-
re Microsoft Excel ‘FCModel.xlsm’ mepeii-
nute Ha ctpanuiy NURBS.

b) Haxmure Ha kHOUKy [ViewCVT].
[TporpaMmMa WHTEPHOJUPYET KPUBYID U
crpoutT rpaduKu KpuUBU3HBI. IIporpamma
takke ¢opmupyer DXF-gaitn NURBS
kpuBod. DXF-¢ailn coxpaHseTcs B Malke
C://FairCurveModeler_ TEMP/temp/ ¢
uMmeneMm 'r_out_dxf.dxf'.

c) /lanee nepeiiaure B Fusion360.

d) BrizoBute MIpUJIOKEHUE
plug_in_FairCurveModeler.

e) YcraHOBHUTE TeEpeKIouaTesib Ha

'Curve from DXF'.
f) Ouncrure 'Change Box'.
g) [IporpamMmma BbIZIACT COOOIIEHUE

'Press OK to create Object'.

h) Haxmure OK B okHe cOOOIIeHHU.
Haxxmute OK B 1UajloTOBOM  OKHE
FAIRCURVEMODELER.

i) IIporpamma creHepupyeT KpPUBYIO
u3 DXF-daiina.

J) W3-3a pa3HOCTH €IWHUI] U3Mepe-
Hus B Fusion360 u B DXF-daiine, kpuBas
OyzeT B 10 pa3 MeHbIIIEe OpUTHHAJIA.



k)  Beibepure > Modify > Scale.

D BribepuTe KpUBYIO B /iepeBe IO-
CTPOEHUS.

m) VYcraHOBUTE IapaMeTpbl MacITa-
OupoBaHUS.
Scale Type = Uniform

Scale Factor = 10

n) KpuBas mpoxogut mo BepIIHAM
MCXOHOH JIOMAHOH.

Nmnoptr NURBS wmonenu gepe3 DXF-
¢daiisn coxpaHsaeT reoOMeTPUI0 KPUBOI.

2. ITocTpoeHHne V-KpUBOU
HA KacaTeJIbHOU JIOMAHOU

a) B Fusion360 moctpoiiTe mpous-
BOJIbHYIO JIOMAHYIO.

b) 3amycrure IJIarMH
plug_in_FairCurveModeler uz Add-Ins.

c) B JIaJIOTOBOM OKHeE
'FAIRCURVEMODELER' NPUIOKEHUA
BKJIIOUMTE TepekIouaTess Ha 'Points'.

d) BriOepure mocaenOBaTENILHO BEP-
IITUHBI IOMAHOM.

e) Haxwmure kHONKY 'Exchange' B nu-
sioroBoMm okHe 'FAIRCURVEMODELER'.

f) B TekcroBom okHe 'Exchange Box'
MOSIBUTCSL MOJZIETb OOBEKTA. YCTaHOBUTE
Kypcop B TekcToBoe okHO 'Exchange Box',
BBIJIEJTUTE BECh TEKCT (MCIOIB3YHTE KHOII-
ku 'End’, 'Shift + Home') u ckonupyiite B
oydep oomena ( 'Ctrl + Insert").

g) [Tepetimure B kHUTY Microsoft
Excel ‘FCModeler.xlsm’ na crpanuiy
'Polyline'.

h) BcraBbTe cozep:xkumoe Oydepa
obOMeHa B 00J1aCTh JIMCTA, HAUMHAA C TYEH-
ku Set_XYZ (Ci2). B obmactu Topology
BriIounTe Iepekiaouaresnb Closed (sioma-
Had B3aMkHyTa). B ob6sactu 'Type GD'
BrriounTe Tangent (JlomaHas KacaTesb-
Hasd).

i) Jlis mocTpoeHUsl V-KPUBOM Ha
somaHo# HaxkmuTe 'Create Curve'.

3 [TporpaMma IMOCTPOUT KPUBYIO U
chopmupyer NURBzS mopenp KpuBoi Ha
crpanune NURBS.

k) Jlnsgs  mepeHoca KpPUBOU B

Fusion360 mnepeiiaute B KHuUry Microsoft
Excel ‘FCModel + Fusion360.xlsm’ (mmamnka
‘apps Fusion360’) Ha crpanuity Fusion360.
Haxxmure Ha kHOmKy [from NURBS to
Fusion360].  IIporpamma  cKOmHpYyeT
NURBS-mozens B Oydep oOMeHa.

D ITepeitnute B Fusion360.

m) Baenure Tekcr B 'Exchange Box'.

n) IlpuioxeHue BbIIAET cooOIeHE
'Press OK to create Object’'.

o) Haxmure OK B okHe cOOOIIEHUS.
Haxxmute OK B 1MaJloTOBOM  OKHE
FAIRCURVEMODELER.

p) NURBS wu3 dopmara ‘transient’
KOHBEPTUPYETCSA B CIUIAWH BHYTPEHHETrO
TIpEe/ICTaBIEHHUS.

q) IIpusokeHue BpIBeJZleT COOOIIeHNE
'Standard curve successfully created on
points of a fair curve, number of points =

r)  Haxwmwure OK B coobmennu. Kpu-
Bas MocTpoeHa (puc. 3).
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Puc. 3. NURBS mopesnp annpokCUMUPOBaHA CIVIAMHOM BHYTPEHHETr0 IIpe/[CTaBIeHUs.

Ecsiu kpuBasi 3aMKHyTa, TO IIPX KOHBEPTUPOBAHUU B CIUVIAiH BHYTPEHHETO IpeZCTaBIe-
HUS IPOrpaMMa CreHepupyeT HE3aMKHYTYIO KPHUBYIO. 3aMKHHUTE €€, BBIZIEJIUB KPUBYIO, 3aT€M
B KOHTeKCTHOM MeHI0 BbiOepere ‘Open/Close Spline Curve’. IIpoBepbTe KauecTBO KPUBOK.
BriiesiuTe KPUBYIO U B KOHTEKCTHOM MeHI0 BbiOepuTe 'Toggle Curvature Display'. 3aMKkHyTbIE
KpUBbIE€ KOHBEPTUPYIOTCS C COXpaHEHHEM KauecTBa V-KpUBOH (puc. 4).

W =ua s B

)

Puc. 4. 3aMbIKaHHE KpHBOﬁ U ITPOBEPKA Ka4yeCTBa ITIOCTPOEHUEM rpa(l)mca KPpHUBHU3HBI.



3. IlocTpoenue s3creruue-
CKOU KpUBOM

BesycioBHO, KpuBbIe Kyacca F 3CTETHY-
HbI camu 110 cebe. OmHaKO, HAPSAY C MPO-
CTO KPAaCHBBIMU KDPHUBBIMH, CYIIECTBYIOT
“rom-Mojiesii” - 3CTETHYECKHE KpHUBBIE.
O1eHKa 3CTETUUYECKUX KPUBBIX OCHOBBIBA-
eTcsi Ha MaTeMaTUYeCKHX XapaKTepPUCTU-
Kax (opMm, BBIABJIEHHBIX V¥ OOBEKTOB pe-
aJlIbHOro Mupa (HampuMmep, KpbLIbs 6a00-
yek) [18-19]. DcreTuueckas OleHKAa KpHU-
BBIX ITPOBOJUTCSA C IO3HUIIUN 3aKOHOB TEX-
HUYECKOU 3CTETUKU U IMPU3BAHA BBIABUTH
BCTETUYECKYIO I1e7eCO000Pa3HOCTh KPUBOU
B E€QUHCTBE CO CIOCOOHOCTHIO OTBEUATh
TpebOBaHUAM paIlMOHAIBLHOCTU [24]. BBU-
JTy KOMIIO3UITUOHHOHN yTOPSI0YEHHOCTH U
CTPYKTYPHOH COTJIACOBAaHHOCTU SCTETHYe-
ckasg KpuBas o00JIa/laeT M BBIPA3UTEJIbHBI-
MH KadecTBaMu. B 5TOM cMmbIciie 1iaB-
HOCTh KaK reOMeTPUYECKOEe CBOMCTBO KpH-
BOU popMUpyeT €€ BbhIPA3UTEIbHYIO OCHO-
By U BHU3YAJIbHYI YHCTOTY. B smormo-
HQIHHO-TICUXOJIOTUYECKOM AaCIIEKTe ILJIaB-
HOCTH fABJIsIeTCA (HAKTOPOM OOpeTeHHs de-
JIOBEKOM TICHXOJIOTHYECKOT0 KOMQOPTa,
TaK KaK aCCOIIMUPYETCSA CO CIIOKONCTBHEM,
IIOCTOSTHCTBOM, OTCYTCTBHEM arpecCUBHO-
CTH, B NPOTHBOBEC JIMHUU H3JIOMaHHOM,
POKIAIONIEN MTPOTUBOIIOJIOKHBIE ACCOITH-
anuu. I MOAeIMpoOBaHUs 3CTETUUECKUX
dbopwm mpesiararoTcsi Tak Ha3bIBaeMble log-
ACTeTHYECKHUe KPUBbIE [20], nMeroIye Ju-
HeWHBI TrpauK KPUBU3HBI B Jorapud-
MHYECKOU ITKajie. MHOKeCTBO U3BECTHBIX
CIUpasied, B TOM 4YHcJIe KJIOTOWUAa, SBJIA-
IOTCSI YACTHBIMHU CJIy9asiMH 3TOTO KJjacca
KpUBBIX. B [21] ObL1 mpepjiokeH cambli
IIMPOKUM KJIacC KPUBBIX C MOHOTOHHOMU
dyHkIUEN KPUBU3HBI, Ha3bIBAEMbIX
CymepcrupaasiMu. YpPaBHEHUs 3THX KpHU-
BBIX BBIpakaioTcs 4yepe3 ['ayccoBbl rumep-
reomerpuueckue (QyHKIUU U YUCJIEHHO
VHTETPUPYIOTCA aJallTUBHBIMU MeETOJaMU
tuna l'aycca-Kponpoza.  YHukanpHasd
dbopmyia cymepcnupanu 1mo3BoJIsIeT Baph-
MpOBaHUEM Tpex IapaMeTpoB dopmsl (q,
b, ¢) mosyunTs J1I00YI0 U3 U3BECTHBIX CITH-
pasieli 1, BOoOIIIE, JTI0OYIO CITUPaIeBU/THYIO
KPUBYIO C MOHOTOHHBIM U3MEHEHHEM KPHU-

BU3HBI. B yacTHOCTH, IIpU 3HAUEHUAX IMa-
paMeTpoB a = 0.5, b = 1, ¢ = 1 cymepcnu-
paJIb MPEJICTABIIAET COOOH KIIOTOHY.

JI71s BBeleHUs aHAJIMTUYECKUX KPUBBIX
B CAIIP ux nenecooOpa3HO amIIpOKCHMU-
poBatb NURBS kpuseimMu. Takum ob6pa-
30M, co3zaerca NURBS-mab6s10H aHaIUuTH-
YyecKol KpPHUBOH. B 1pesjjiaraemou Ipo-
rpaMMHOU IwIaTGoOpMe I BBIYUCIIEHUA
cIoKHeueld @QopMyJIbl  CYIEPCIIUpPaIN
ucrosipdyercss  Mathematica. B CKM
Mathematica pazpaboTana auHaMu4Yeckas
Mpolie/lypa anlpOKCUMAIlUU U BU3yan3a-
nuu cynepcuupanu (puc. 5). B nunamuye-
CKOU mporenype ¢GopMUpPYETCA TeOMeTPH-
YeCKUU OIpeZleJInTelb OPMUTAa B BUJE
TaOJIUIBI KOOPJIMHAT TOYEK OIOPHOU JIO-
MaHOH, BEKTOPOB IE€PBBIX ITPOU3BOJIHBIX,
MOJIOXKUTEJIbHBIX 3HAYEHUU KPUBU3HBI,
JUINH CETMEHTOB KPHUBOU MEXKY OIOPHBI-
MU TOYKAaMHU U €JUHUYHBIX BEKTOPOB KpHU-
BU3HBL. /lMHamMuuyeckad mpolueaypa uc-
M0JIb3yeT HEeMOCPEJACTBEHHO KOMIIOHEHT
FairCurve.exe ¥ BBINOJHSET HE TOJIBKO
MOJITOTOBKY T'€OMETPUUYECKOTO OIIpeesn-
TeJiss DpMUTA JJI allPOKCUMAIIUN aHAJIU-
TUYeCKON KPHUBOU, HO U ee amllpoKCHUMa-
nuto nocpezcrsoM NURBS, a Takxe onjen-
Ky TOYHOCTH amnmpokcumanuu. Ilpm
HaJIJIEeXKaIlleM BbIOOpe IapaMeTpoB am-
MPOKCUMAIIUU U UCIOJb30BaHUU METOIU-
KU 30JI0TOU cepeIuHbI (OTCeYeHUsI KOHIIe-
BBIX YYaCTKOB C BO3MYyIeHHEM (HOpPMBI)
MOKHO JOOUTHCA BBICOKOM TOYHOCTH all-
MIPOKCUMAITUH.

Ha puc. 5 mokazaHa cylnepcnupalb,
MPEICTABJIAIONIAA KJIOTOUy IIpW 3Haue-
HUAX a = 0.5, b = 1, ¢ = 1. Knorouza amn-
MMPOKCUMUPOBaHa B-crlalHOBON KPUBOU
BOCHMOU CTeNeHW IIpU IlapaMeTpax arl-
npokcuMmanuu Number of Points = 16,
HavyaJbHOEe 3HaueHHe mapameTrpa So = -1,
TEepBBIN AT MpUpalleHus mapaMmerpa hso
= 0.1, IOCJIeAHUH ar mpupanieHus hsg =
1. JIna ycrpaHeHUs BO3MylleHUs (OPMBI
Ha KOHEYHOM YyJacTKe B-criaiiHOBOU KpH-
BOU TMOCJIeZIHYUE TPU CeTMEHTA Y/AaJIeHbl.



current (abc): {05,1.,1.}

current (s0.hsO hsk): { =1

set s0 M L
_—
sethsO: M
-
set hsk {]

1 4 ]
Number of Points 16 V‘
 § J

N Start segment 0 {YJ

Minus N Last Segment 3 ’v
reCreate off on |

Puc. 5. Cynepcnupainsb, IIpeCTaBIA0IAA KJIOTOUY. ANIIPOKCUMAIUA KJIOTOUBI B-
CILJIAITHOM.

JuHamuueckad Ipolefypa I[I03BOJIAET
obecIieunTh BHICOKOE KaueCTBO U TOYHOCTh
IIOCTPOEHUA NURBS-mab6s101a. B-
CIUTAaHOBAsl KpUBas BU3YaJIbHO COBIIAJIAET
C MCXOJHOU KJIOTOWAOU. BusyasbHO COB-
majjaloT W rpauKd  KpPUBHU3HBI  B-
CIUIANHOBOM KPUBOU U MCXOJHOU KPHUBOU.
[TporpamMma Tak»ke JIaeT YHCJIEHHYIO OIleH-
Ky MaKCUMayIbHBIX OTKJIOHeHud NURBS-
mabsoHa OT OpUrHHajda: max =
max[0.00140453], min = min|-
0.00417795]. IIporpamma dopmupyer
NURBS-moziens kpuBoii B ¢opmare Mi-
crosoft Excel u sxcropTupyer eé Bo BHel-
HUU Gaii.

Hanee nna nmepenoca NURBS-monenun
u3 BHelHero ¢aiiyia B Fusion360 HeoOxo-
JTUMO BBITIOJTHUTD CJIETYIOIIHE JIECTBUA:

a)  Otkpoiite arot daitn B Microsoft
Excel, Bpimenure 0671acTh C MOZENBIO U
ckonupyite B Oydep oomeHa. Ilepetimure
B kHury FCModeler.xlsm Ha crpaHuily
NURBS. BcraBbTe Tekcr us b6ydepa obme-
Ha, HAUWHAA ¢ TUYeHKUu A2.

b)  VYpanute mocieaHue TpU CETMEHTA
ciutaiiHa. B obsractu 'Extract segments'
yCTAaHOBUTE MapaMeTphl 'Start segment =
0', ‘Number of segments = 12’. Haxxmure

KHONKY [Extract segments]. /asiee BbIOJI-
HUTEe WHTEPIOJIAIUI0 KPUBOU 11 HOpMU-
poBanus DXF-¢aiina (knonka [ViewCvt]).

c) Ilepetinure B Fusion360.

d) Bri3oBute MIPUJIOKEHUE
plug_in_FairCurveModeler in Excel.

e) YcraHOBUTE IIepeksIouaTeslb Ha
'Curve from DXF'.

f) Ouncrure 'Change Box'.

g) [TporpamMma BBIZACT COOOIIEHUE
'Press OK to create Object'. Haxkmute OK B
okHe coobmienus. Haxxmure OK B amasio-
roBom okHe FAIRCURVEMODELER.

h) IIporpamma creHepupyer KpHUBYIO
u3 DXF-daitna.

i) W3-3a pa3HOCTH €IWHUI] U3Mepe-
Hus B Fusion360 u B DXF-daiine, kpuBas
OyZeT B 10 pa3 MeHbIIIe OpUTHHAJIA.

j) Bei6epute Modify- Scale. BoiGe-
pUTEe KPUBYIO B JIEPEBE IIOCTPOEHHUA. YCTa-
HOBUTE CJIEJIyIOIIME MapaMeTpbl MacIlTa-
oupoBanusi: Scale Type = Uniform, Scale
Factor = 10.

k) Cymepcriuipasib 0TOOpa3uTCA B
npoekre. [IpoBepbTe KAuecTBO CyIE€pCIIU-
pasiu mocTpoeHueM rpaduka e€ KpUBU3HBI

(puc. 6).



Puc. 6. Cynepciupasis u e€ PyHKIMA KpUBU3HBI B TpoekTe Fusion360.

4. JdomosiHUTe/IbHBIE pe-
KOMEHJaIuu

HecmoTpss Ha  caMOJ0CTaTOYHOCTH
Fusion360, pekoMeH/tyeTcsl JOTIOJTHUTEIb-
HO K Fusion360 ucmosp3zoBath AutoCAD
[22]. ABTOpBHI HacrosIEed pabOTHI IpPe-
CTaBJIAIOT HEOOXOAMMBIM HKCIIOJIb30BaTh
AutoCAD py1s1 pukcanum KpUBBIX BBICOKO-
ro KayecTBa B TPEXMEPHBIX MOJIEJIAX, UTO-
Obl M30ekaTh AaMIIPOKCHUMAIIUN KPHUBBIX
CIUIAHOM BHYTPEHHErO IIPEeCTaBIEHUS U
COXPAHUTh BBICOKOE KAavyecTBO KPHUBBIX
kinacca F. Takxe peKOMeHyeTcsa UCIOJIb-
3oBaTh mnpwioxkenue ‘FairCurveModeler
app AutoCAD’ [7], obasaroriee HauboJIee
ITOJIHBIM (DYHKITHOHAJIOM M IT03BOJISIONIEE
MOJIEJTUPOBATh KPHUBBIE M ITOBEPXHOCTH.
[IpunokeHre WMeeT Pa3BUTHIH WHCTPY-
MeHTapUi peIaKTUPOBAHUS KPUBBIX U I10-
BEPXHOCTEH JIJI1 Pa3/INYHBIX BHJIOB TeO-
METPUYECKOTO OIPEAETUTEIA.

IIporpamMmmHas miaTdopma IIOCTaBJISIeT-
cs1 B KOMILIEKTE C MPHIOKeHusMHu Fair-
CurveModeler k CAIIP (Fusion360, Auto-
CAD, nanoCAD u KOMIIAC 3D). Ilepen
HadyaioM paboThl HEOOXOJMMO IEepeHeCTU
kox axktuBanuu Code_Activation.txt u3s
MaK{ NPHJIOKEHUS] B IMAIKy IIPOrpaMM-

Hoii twiargopmer ‘FairCurveModeler app
Excel VBA’.

5. BbIBOABI

1. Pa3zpaboTaH IporpaMMHBIN KOM-
wieke FairCurveModeler mist Busyanuza-
IIUM KPUBBIX JINHUU U MOBEPXHOCTEU BBI-
COKOTO KauecTBa MO KPUTEPUAM IJIaBHO-
CTH.

2. Ilpenjioxxkena  yHuUBepcasibHas
nporpaMMHas IiardopMa JJjis BUIYaIU-
3allid KpUBBIX Kiacca F m paspaboTkm
CHENNATN3UPOBAHHBIX TIPUKIATHBIX TPU-
noxennit s 006X CAITP, ocHoBaHHas
Ha ucnoab3zoBanun Microsoft Excel VBA,
FairCurveModeler u cucrem KoMIIBIOTED-
HOU MaTeMaTHKU.

3. [IpogeMoHCTpUpOBaHA HWHTETPA-
ousg ~ [OporpaMMHOM  IwiaTGoOpMbl €
Fusion360. BrisBiaennt orpanuuenus API
Fusion3g60 mnpu BrmoueHun NURBS-
MoOjieJi B TpoeKT. [lokazaHa TeXHUKa Ie-
peroca touHoii NURBS-mozenu c¢ mpo-
rpaMMHOU 11at¢gopmbl B Fusion360 yepes
DXF-daiin.

4. IlokazaHno mnpuMeHeHHE IIpO-
rpaMMHOU ILUIaTQOPMBI [IJIsi BU3yasn3a-
oy QYHKIMOHAJIBHBIX M 3CTETUYECKUX
KPHUBBIX B HHTerpanuu ¢ Fusion360.
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