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Xapxiscbkuil HAYIOHALHUL ABMOMOOLILHO-00POXCHIU YHigepcumem (YKkpaina)

Komn’tomepne mooentoganns € HeGiO '€EMHOW YACMUHOK — CYYACHUX
mexHonociu. BoHno wupoko 3acmoco8yemuvcs npu  KOHCMPYIOGAHHI  mda
BUCOMOBIIEHHI NPOMUCTIOBUX MaA NOOYmMosux 6upoois, eiemMeHmie O0eKopy.
Mooicnusicms nobyoosu 3D-mooeneil 3abe3newyemvpcs 6iONOGIOHUMU NAKEMAMU
npukaaouumu npocpamamu, ceped skux AutoCAD ma Autodesk Inventor e
OOHUMU 3 Haubinbw egexmusHux ma nowupenux. Came B0OHU BUBUAIOMBCS
CMyOeHmamu MmMexHIYHUX CheyiaibHocmel 0a2amvox 3aKiadié Guwjoi 0ceimu
Ykpainu ma uwacmo 3acmoco8yomvcsi KOHCMPYKMOpAMU.

Mooeniosanus 3nauHoi Kinbkocmi Oemanel 31 CKIAOHUMU 00800aMu
nompebye nooyoos8uU JIeKAIbHUX KPUBUX, SKI MOJICYMb Oymu eiemeHmamu
VMBOpIYUX (A00 KOHMYPIB), HANPABIAIOUUX, MPAEKMOPI BUOABTIOBAHHS, WO
BUKOPUCMOBYIOMbCSL NPU KIHEMAMUYHOMY CNOCOOI 3a80AHHS NOBEPXOHb Oemaiell.
Mooicnusi nociioosnocmi ceomempudnoi nob6y008U NeKAIbHUX KPUBUX (elincy,
napaboau, 2inepbonu, esorveeHmu Koad, cnipaii Apximeoa, YUKI0IOANbHUX
Kpueux, 2paghikie mpucoHoMempuyHux QyHKYiti mowjo) € 3a2aibHOBI0OMUMU |
BUBHAIOMbCSL CIMYOEHMAMU MeXHIYHUX cneyianbHocmell. Ane cyyacui epagiuni
KOMN 1OmepHi npocpamu Ha0arms pizHi IHCMPYMEHMU, SKI NO PI3HOM) MOXNCYMb
Oymu uUKopucmaui 01 no6y008U, peoazysanHs ma nooaIbUo20 3aCMoCy8aHHs
JIEKANIbHUX KPUBUX NPU MPUBUMIDHOMY MOOENI08AHHI.

YV pobomi 3anpononosano ma anpobo8aHO MONCIUBL ANCOPUMMU
2eomempudHoi nooyoosu nexkanvHux kpueux y npoepamax AutoCAD ma Autodesk
Inventor, wo wmicmams HavimMeHwy KinbKicmb onepayii, ma 6UKOHAHO iX
NOPIBHAHHS Ma OOIPYHMYBAHHSA 3ACMOCYBAHHS NeBHUX Komano. Ilokpoxoso
noKazamo nob6yoo8y napabonau, esoiveeHmu Koia ma cnipairi  Apximeoa.
Hasedeno npuxnaou 3acmocysaumHs Oesakux 3 yux Kpusux Ha emani
MPUBUMIDHO20 —~ MOOENI08AHHSA,  30KpeMmd,  asmoMoOiIbHO20  Oucka  ma
BIOYEHMPOBO2O HACOCA, PAOIAMOPHOL peuimKy a8momoois.

Oxpemy ysacy npuditeno y pobomi nepesacam, sKi, 3A805KU
napamempusayii, maroms mooeii, wo nodbyoosari 8 Autodesk Inventor. 3eadano i
npo nepegacu AaHANIMUYHO20 3A60aHHS Kpuux y yiu npocpami. Ompumani
pe3yibmamu YCniuiHo 6npo8aodA*CyIOmvCs 8 HABUANbHUL npoyec i MoXdcyms oymu
BUKOPUCMAHT 3aKIA0AMU OCBIMU | Cneyianicmamu y npoMUcio80Cmi ma OU3atiHi.
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Kniouoei cnoea: 2eomempuune moolentosanns, komn'tomepna 2pagpika,
Autodesk Inventor, AutoCAD, zrekanvha kpusa, HaguanbHuil npoyec.

Ilocmanoexka npobaemu. T'eomeTpuyHi O00BOAM 3HAYHOI KUIBKOCTI
Cy4YacHUX MAaIMHOOYJIBHUX BUPOOIB Ta €JIIEMEHTIB JICKOPY MICTATH JICKaJbHI
KpuBi. MoJienmtoBaHHS 3HAYHOI K1IJIbKOCTI Jetanedt Tuny "Kynadok" moB’si3aHo 3
HEOOX1THICTIO 1X MOOyAOBH. 3arajbHi MOCIIIOBHOCTI T€OMETPUYHUX ITOOYI0B
JIeKaTbHUX KPUBUX (eJircy, mapadosu, rinepOoiau, eBOJBBEHTH KOJa, CIipaii
ApximMena, THUKIOITANBHUX KPUBHX, TpadikiB TPUTOHOMETPUYHHMX (YHKIIIHA
TOINO) MICTATHCA Yy HaBUajbHINA JiTeparypi [1] 1 BHBYAIOTBCA CTyACHTaMHU
TEXHIYHUX CHEIIaJbHOCTEN 3aKIadiB BUILOI OCBITU. HajgaHHIO K pexoMeHalii
1010 TTOOYZIOBH WX KPUBHX 3 JIOIIOMOTOI0 CYJaCHUX KOMIT IOTEPHUX IPOTrpam,
takux sk AutoCAD Ta Autodesk Inventor, yBara B HayKOBO-METOIWYHIN
JITEpaTypl HE MPUILIAIACS.

Ananiz ocmamnnix oocnioycenv i nyonikauii. HasBHa mniTepaTypa
MICTUTh JTOCTaTHIO KUIbKICTH 1H(OpMAIlii 00 poOOTH B CEPENOBHILI TAKUX
nporpam sk AutoCAD [2] Tta Autodesk Inventor [3]. € ¥ myOumikamii, 110
MICTSATh PUKJIAJAA TPUBUMIPHUX MOJEINIeH, CTBOPEHHS SKMX BUMarajiao moOyoB
JeKaIbHUX KpUBHUX [4 — 6], ane moOy 0Bl KPUBHUX yBara B HUX HE MPUIUIIETHCS.
MiK TuM, TpH KOMIT IOTEPHOMY MOJICTIOBaHHI MMOOymoBa Ti€i 4 1HIIOL
JIeKaTbHOT KPHUBOI MOTpeOy€e MpPaBHIBHOTO OOpaHHS TEBHOI MOCIITOBHOCTI
omeparii Ta BIAMOBIAHUX KOMaHA, TOOTO TOCTaTHHOTO JOCBIAY MPaKTUYHOI
poOoTH B 0OpaHiii mporpami.

Dopmynrweannsa yineiw cmammi. Metoro poOOTH cTald po3poOka Ta
NOPIBHSHHSL QJITOPUTMIB TE€OMETPUYHOI MOOYIOBM HANOUIBII MOLIMPEHUX
JexanbHuX KpuBHX [1] 3acobamu nmporpam AutoCAD Tta Autodesk Inventor, a
TAaKOX anpoOailisi 3py4YHOCTI BHUKOPUCTAHHS TNOOYJAOBAHMX KPUBUX MPHU
TPUBUMIPHOMY MOJCIIOBaHHI ~MAIIMHOOYIBHUX JeTalel 31 CKIIQJHOI0
T€OMETPIEIO.

Ocnosna wacmuna. Mu He OyJ1IeMO pO3TJIAIaTH MOOYIOBY EINCY, TaK K
nporpamu  AutoCAD Tta Autodesk Inventor MarTh BIAMOBIAHI KOMaHIH
noOy/I0BH €IIIICY K OJJHOTO 3 TPUMITHBIB.

[Tepeitnemo Bimpasy g0 moOymoBu mapabdonu B mporpami AutoCAD. [{ns
noOy10BM mapaboii JOCTaTHRO, 00 Oy 3a7aHi BepirHa mapadonu (A4), ogHa
3 KIHIICBUX TOYOK TUTOK Tapaboiu (B) Ta HanpsIMOK oci apadomu (4D).

Anroputm noOya0BH KPUBOi MOYKHA PO30OUTH HAa HACTYIHI €Talu:

- Ha Bigpi3kax AD ta BD Oynyemo npsimokyTHuk ABCD (puc. 1, a);

- cropouu BC Ta BD npsMOKyTHUKA MOAUILEMO Ha JOBUIbHY OJAHAKOBY
KUIBKICTh PIBHUX YaCTHH 3a Jornomororo komanau "Divide”;

- BepuIUHY A 3'€IHy€EMO 3 TOYKaMU NojauTy ctoponu BC 3a 10NOMOroro
komauau "Line" (Bimpi3ok), KOPHUCTYIOUHCH I TOYOK Ha cropoHi BC
npus'szkoro "Node" (Byson), a mus Touku 4 — mpuB'szkoro Intersection™
(mepetuH);

- komitoeMo Bigpi3ok BC 3 3actocyBaHHsM komaHau Copy",



BIJI3HAYMBIIH MOr0 KypCOpPOM 1 MPUMHSBIIM 32 0a30BYy TOUKY B, B TOUKH, IKUMU
MU MOJLIUIN BiJIPi30K BD;

- Bigmivaemo Touku (komanma "Multiple Points") uepes siki moBuHHA
IPOKMTH KPHBa, 3aCTOCOBYIOUH mpuB'sa3Ky "Intersection” (puc. 1, 0);

- BIIJI3EPKAJTIOEMO BCl HaMHM BHUKOHaHI IMOOYJAOBH BIIHOCHO AD —
MaiOyTHBOT oCi mapabou 3 3acTocyBaHHsaM Komarau "Mirror" (puc. 1, B);

- TEepexXoJuMO 10 Iapy OCHOBHUX TOOYJOB Ta, BUKOPUCTOBYIOUH
npus's3ky "Node", moennyemo nominiHiero (komanma "Polyline") touku, gepes
K1 TIpoie mapadona;

- 3MIAKyeMO IoOyAO0BaHY IOJIUIIHIIO 3a JormoMororw komauau "Fit" Ta
oTpuMyemo OaxxaHy KpuBy (puc. 1, r).

Tenep MoxHa "3amopo3uTH" 1Iap, B SKOMY BHUKOHYBAJIUCS MOOYIOBH,
NONEePEeIHbO MEPEHICIIN B1IPI30K AD J10 11apy OCbOBUX JIIHIM.

3anponoHOBaHI B HABEJIECHOMY AQJIrOPUTMI MIIXOAU MOXYTb OyTH
3aCTOCOBaHi JJ1sl TOOY0BU OaraThoX 1HIIKUX JIEKAIHbHUX KPUBHX B I[1H ITpOrpami.
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Puc. 1. ITo6ynoBa mapadonu y nporpami AutoCAD

[To6ynoBy mapabosm B mporpami Autodesk Inventor moxxkHa myxe
IIBUJKO BUKOHATH 3 3aCTOCYBaHHSAM CIUTaHIB. JlOCTaTHRO B cepeOBHIII
noOyI0BH €CKi3y BUKOHATH HACTYIIHI MOOYIOBU:

- Oymyemo BiIpi30oK BS, kWil BUBHAYUTH BIJICTAaHb MIXK MPOTHUICKHUMHU
TOYKaMHU Ha TUIKax mapaboiu, Ta 4yepe3 MOoro cepeiuHy, MEepIeHIUKYISIPHO 110
BS, Binpi3ok AD, sikuii BA3HAYUTH BUCOTY mapadoiu (puc. 2, a);

- BukimkKaemo komanxy "Spline Interpolation" (crutaiin iHTEepHOJALLis),
MIOCITITOBHO 00MpaeMo TOUkH B, 4 Ta S Ta oTpuMyemo mapaboiy (puc. 2, 0).

Icuye ananoriuna xomanzi "Spline Interpolation" komanma i y mporpami
AutoCAD — "Spline Fit". Ase BoHa He 103BOJISIE OTPUMATH MapadoIy.
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Puc. 2. ITobynosa mapadonu y nporpami Autodesk Inventor

Sxmo mooyayBatu Ttouky F (AD=AF), 3amicte komanmu "Spline
Interpolation" moxna 3acrocyBatu komanmy "Spline Control Vertex" (craiin
Kepyroua BeplinHa). Y BUIMAAKY BUKIUKY I1€1 KOMaHIU MOTPiOHO IOCIIIIOBHO
obuparm Bxke Toukd B, F Ta S. AHanoriyHui miaxij MOXKJIUBHK 1 B IIporpami
AutoCAD 3 Bukopucranusm komanau "Spline CV".

Posrnsmemo anroputM TOOYAOBH €BOJIBBEHTH KOja B Mporpami
AutoCAD. Moro MoHa po36UTH Ha TaKi OKpeMi eTarnu:

- Oynyemo 3a momomoroto komanau "Circle" tBipHe K050 3 HIEHTPOM Y
touri O Ta ockOBI JiHIT KoJa 3a goromoro komauau "Center Mark™:

-y pexumi "Orthomode" 3a monmomororo komanmu "Line" 3 Toukm A
OylyeMO BIZIpi30K JOBXXHHOIO, 110 IOPIBHIOE JOBKHHI TBIPHOTO KOJIA,

- moausieMo MoOYyAOBaHUM BIAPI30K HA JOBUIbHY KUIBKICTH N piBHUX
yacTHH 3a jornomoror komanau "Divide"” (puc. 3, a);

- 3a momomororo komanau "Polar Array" cTBOprOEMO KpyroBHil MacuB 3
neHTpoM B Toulll O Ta kubkKicTio eneMeHTiB N (24 y HaBeaeHOMY BHMAAKY), 10
SKOTO paMKOI0 oO0upaeMo nojiieHui Hamu Ha N yacTuH Biapi3ok (puc. 3, 0);

- TEepexXoJMMO 10 Iapy OCHOBHUX TOOYJOB Ta, BHUKOPHUCTOBYIOYHU
npus'sa3ky "Node", moeHyeMo TOITIHIEIO TOYKH, Yepe3 sSKi MPOiJIe KpHBa,

- 3TJIQJDKYEMO MOOYI0BaHy TOJILUTIHIIO 3a JormoMoror komanau "Fit" ta
OTPUMYEMO €BOJILBEHTY (pHC. 3, B).

AGcomoTHO aHanoriyHo B nporpami AutoCAD moxke OyTu moOynoBaHa
ciipaib ApxiMena. Aje B IbOMY BUIMAJIKY BIAPI30K, KM MU OyayBajiu 3 TOUKH
A, npoiine He 3a JOTUYHOIO, a N0 HOpMAaJl 10 TBIPHOTO KOJIa, a HOro JOBKHUHA
MOBUHHA JIOPIBHIOBATH KPOKY cIlipaji ApxiMesa.

[ToGynoBa ananoriynux kpuBux B Autodesk Inventor Burismae iHakie.
[Mo-nepmre, komauau "Divide" (mominmutu) Tam He icuye. [lo-apyre, 3aBasku
napameTpu3ailii, 3MiHa JIMIIe OJHOrO Mapamerpa, KyTa Haxuiy alfa, 7103BonuTh
HaM IIBUJIKO TEPEXOJWTH BijJl €BOJIBBEHTH JO CIipalli ApxiMena Ta OTpUMATH
0e3114 MPOMIKHUX KPUBHX.
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Puc. 3. IloGynoBa eBoapBeHTH KoJia y mporpami AutoCAD

[Ipu nmoOynoBi eBosbBeHTH B Autodesk Inventor mMu Takox Oyayemo
TBipHE KOJI0 AiameTpoMm D B cepenoBuiili moOy10BU €CKi3y Ta 3 IOBUIBHOI TOUKHU
A TpoBOAMMO TMOXITHHUI Biapi3ok mig kyrtom alfa mo pamiycy kona B toumi A.
CTBOPIOEMO TOYKY Ha ioro KiHii (puc. 4).
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Puc. 4. TlouaTok moOya0BH eBosIbBeHTH y miporpami Autodesk Inventor

[IpupiBHIOEMO JOBXKWHY BiAPI3KYy JOBXMHI Koja, moxauieHid Ha N, ne
gyucio N BU3Hayae KIJIBKICTh TOUOK, 32 SKUMU OYJ1yTh BUKOHYBATHUCS MOOYI0BH
(vu Opasm N =24). [Jam, 3a momomoror komanau '‘Rectangular Pattern™
(MpsAMOKYTHHI MacHB), CTBOPIOEMO JIHIHHHI MacHB y HaIpsMKy Bijapi3ka 3



noOy/I0BaHUX TMPUMITHBIB — BIJIpi3Ka Ta TOYKH. 3a JOMOMOIOK KOMAaHIH
"Circular Pattern" crBoproemo kpyroBuii MacuB 3 IieHTpoM B Toumi O i
KUIBbKICTIO eneMeHTiB N moOynoBaHUX elneMeHTIB (BIAPI3KiB 1 TOYOK). Mu
OTPUMAEMO 300pa)keHHs, 110 aHaJoriyHe HaBeleHoMy Ha puc. 3 (0). s
3aBepIleHHsS MOOYAOBH KPUBOI 3AMINAETHCSA MOEJHATH TOYKU Y BIAMNOBIIHOMY
HOpSZIKY 3 3acTtocyBaHHsAM Komanmu "'Spline Interpolation”. 3mina kyra alfa 3
90° na 180° mo3Bomsie oTpumatH cmipaib ApxiMmena. Kpok ii erko moxe 0yTu
sminenu#t. [loTpibHo ckazatu, mo mnporpama AUtOCAD TakoX [103BOJISIE
CTBOPIOBATHU MapaMEeTPUIHI MOJIeNI, ajie juiie y mpoctopi 2D. BpaxoByrouw, 110
noOy/noBa JIEKaJbHUX KPUBUX HAC MIKaBUTh 3 METOK IX MOJAIbIIOrO
3aCTOCYBaHHA y TPUBUMIPDHOMY MOJENIIOBaHHI, MapaMeTpUYHUA MigXix A0
noOy/10BM KPUBUX B LIl TpOrpaMi MU HE PO3TISAAIH.

[ToTpiGHO BIAMITHTH, IO JIEKadbHI KPUBI Ty’K€ MIMPOKO 3aCTOCOBYIOTHCS
y TPUBHMIPHOMY MOJIEIIOBaHHI B aBToMoOUIeOyayBaHHi. Ha iX OoCHOBI Hamu
OyJia OTpMMaHa BeJIMKa KUIbKICTh Mojienel. Tak, ruiku mapadoiau MOXyTh OyTH
BHUKOPHCTaHI ITPH MOJICIIOBaHHI PaiaTOpHOI penriTku aBToMo01s [5] (puc. 5).

Puc. 5. Ecki3 KOHTYpy Ta MoJieli paAiaTOPHOI PELIiTKA aBTOMOO1IS

MopentoBaHHS HampsIMHOI CHUII JAHUCKY AaBTOMOOUIBHOTO KoJjeca Yy
BUIJISIII CIipajl, 3a7aHoi MapaMeTPUYHO, J1a€ MOXJIMBICTb OTpUMAaTH OaraTo
PI3HUX JHM3aHEPCHKHUX pilieHb [4], a MoOJeoBaHHS KOPITYCY BiJIIEHTPOBOIO
BOJISTHOTO HACOCy aBTOMOOUIA mOTpedye mnoOyaoBU cHipani ApxiMena Ta
JCKIJIbKOX €KBIAMCTAHT /10 Hel (puc. 6).

Puc. 6. 3D-monemni, 110 MiCTATH JIEKaJIbHI KPUBI1 y CBOil TeOMeTpii

3anporoHoBaHl MIAXOAU JO3BOJIAIOTH 3 JIETKICTIO TMEPEeXOAUTH JI0
MoOY/I0BU 1HIIMX JIEKAIBHUX KPUBUX, 30KpeMa ITUKIIOiTaIbHUX KPUBUX.



[ToTpiOHO BIAMITHTH, 11O Mporpama Inventor Hamae TakOX MOXKJIMBOCTI
3a/laBaTH KPHBI JIiHII B €CKi3aX 1 B aHAJTITUYHOMY BHUIJISIII, TOOTO (POpMyIIaMH.
MOXITMBO BUKOPHCTAHHS SK PIBHSHb B SBHOMY, TaK 1 y THapamMeTpUYHOMY
BUTJISIIL, Y JICKAPTOBIH a00 MOJSIpHIH cucTemi KoopauHar [6].

Bucnoeéku. Y po0OTi 3alpOINIOHOBAHO AJITOPUTMHU TMOOYJIOBH JIEKAJIbHUX
kpuBux y nporpamax AutoCAD Ta Autodesk Inventor, mo MicTSITh HaMEHIITY
KUTBKICTh Ofepalliid, Ta 3po0JeHo iX mopiBHSIHHSA. Amnpo0arris pe3ynbTariB Oymia
BUKOHAHA Ha BEJUKIA KUIBKOCTI PI3HOMAHITHUX T'€OMETPUYHUX MOJIEeH
aBTOMOOITFHUX JeTalie Ta Au3aliHepChKuX BUPOOiB. OTpuMaHi pe3ylbTaTu
YCHIIIHO BOPOBAKYIOThCA B HaBualnbHuil mporiec XHAJIIY 1 MoxyTh OyTH
BUKOpucTaH1 IHuMU 3BO, crienianictaMy y IPOMHUCIOBOCTI Ta AU3alHI.
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CONSTRUCTION AND POSSIBILITIES OF USING LECTOR CURVES
IN AUTOCAD AND AUTODESK INVENTOR PROGRAMS

Oleksandr Arkhipov, Hlib Stryzhak

Computer modeling is an integral part of modern technologies. It is
widely used in the design and manufacture of industrial and household products,
decorative elements. The ability to build 3D models is provided by appropriate
packages of application programs, among which AutoCAD and Autodesk
Inventor are among the most effective and widespread. They are studied by
students of technical specialties of many institutions of higher education in
Ukraine and are often used by designers.
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Modeling a large number of parts with complex contours requires the
construction of model curves, which can be elements of forming (or contours),
guides, extrusion trajectories used in the kinematic method of assigning the
surfaces of parts. Possible sequences of geometric construction of linear curves
(ellipses, parabolas, hyperbolas, involutes of a circle, Archimedean spirals,
cycloidal curves, graphs of trigonometric functions, etc.) are well known and
are studied by students of technical specialties. But modern graphic computer
programs provide various tools that can be used in different ways to construct,
edit, and further apply pattern curves in three-dimensional modeling.

The paper proposed and tested possible algorithms for the geometric
construction of pattern curves in AutoCAD and Autodesk Inventor programs,
containing the least number of operations, and compared them and justified the
use of certain commands. The construction of a parabola, the involute of a
circle and Archimedes' spiral is shown step by step. Examples of the application
of some of these curves at the stage of three-dimensional modeling, in
particular, a car disk and a centrifugal pump, a car radiator grill, are given.

Particular attention is paid in the work to the advantages that models
built in Autodesk Inventor have, thanks to parameterization. The advantages of
the analytical task of curves in this program are also mentioned. The obtained
results are successfully implemented in the educational process and can be used
by educational institutions and specialists in industry and design.

Key words: geometric modeling, computer graphics, Autodesk Inventor,
AutoCAD, model curve, educational process.
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