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Anomayia. Haseoeno oensio cmeopenux 3D-mooeneti mexanizmie ma 0opodiCHIX i OYOiGebHUX MAUUUH,
sKi Oynu po3pooaeHi ni0 KepisBHUYMBOM GUKIA0aUis Kageop iHoceHepHoi ma Komn tomepHoi epaghiku
ma 6yoisenvrux i 0opodchix mawun im. A.M. Xornooosa 3a yuacmi cmydeumie ma acnipaumis. Ilpo-
AHANI308AHO MONCAUBOCI NIAHYBAHHA MA NPOBEOEHHSA GIPMYAIbHUX eKCHEPUMEHMIB W00 PeHCUMie
pobomu yux mMawiun ma auanizy miynocmi ix xoncmpykyii. OKpecieHo nepenix MONCIUBUX 3a80aHbL
0151 BUPIULEHHS MEMOOaMUy KOMN 10MePHO20 MOOeTI0BAHHSL.
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Beryn

YpoBapKeHHST KOMIT FOTEPHUX TEXHOJIOT1H
MPOEKTYyBaHHS OyJI0 IMOYaTO Ha MEXaHIYHOMY
dakynsreri XHAY (tomi me XA 1986 p.
Ile O0yma moBa mporpamyBanHsi [ PADOP, o
JIO3BOJISIa CTBOPIOBATH KOJ, 33 SIKHM MOYKHA
OyJIO OfepKYBaTH KPECICHUKH PI3HUX JCTajeH.
1992 p. 3 mosiBorO mepmux nepcoHanbHUX EOM
IOYasocs BIIPOBADKCHHS B HaBYAJILHUI ITPOIIeC
nporpamu AutoCAD. V 1iii poboTi mpoBeneHuii
aHaJli3 YIPOBA/DKCHHS B HABUYAIBHUN IPOIIEC,
KYpPCOBE Ta JUILUIOMHE ITPOCKTYBaHHS, a TAKOX Y
HayKOBI JIOCII/DKCHHS MOXJIMBOCTEH KOMII'0-
TEPHOI'0 MOJIEJIFOBAHHA 1 MEPCIEKTUBH iX Moja-
JIBIIIOT'O BUKOPUCTAHHSI.

AHaniz myoaikanii

[TocTymoBo 3 pO3BUTKOM KOMII'IOTEPHOI Te-
XHIKH, TPOrpaMHOro 3a0e3neueHHs Ta JIOCBIAy
pobotu 3 nporpamoro AutoCAD modasocs moe-
TalHe BUBYEHHS METOJIB TPHUBHUMIPHOTO MOJIE-
moBaHHA. Y nepion 1992-2006 pp. cTBopeHHS
TPUBHMIPHUX MOJIENIeHl BUKOHYBJIOCS B TMaKeTi
AutoCAD Mechanical Desktop, sikuii 103BOJISIB
HE TUIBKU CTBOpIOBaTH 3D-Moeni OKpeMux Je-
Tajei, ane W CKIagaJbHUX OJWHMIIb, a TaKOX
MOJICJIIOBATH PyX JeTalieil y mpoieci podoTu
MexaHizmy [4].

Alle SIKiCHUI CTPHUOOK y MOMKIJIMBOCTSIX MO-
NCNIIOBAHHS MaIllMH 1 MeEXaHI3MIB BiIOyBCs
2006 p., KOIM YHIBEpPCUTETOM OYB NpHAOaHUIt
naker Autodesk Inventor Series. OCHOBOIO 1bO-
ro nakera Oyna nporpaMa Inventor Professional,
IO JI03BOJISIIA CTBOPIOBATH JOKIAHY NU(POBY
MOJIellb BUPOOY — (P POBUH MPOTOTHIT — MOJIe-

JIOIOYM HE TUTBKH T€OMETPIl0 JIeTalei, ane i 1x
OCHOBHI (pi3u4HI BIACTHUBOCTI [ 1-4].

ChoroziHi 3 BUKOPUCTAaHHSM IIi€i mporpamu
BUKOHYETHCS 0araTo pi3HUX JOCHIIKEHb 5K Y
HABYaJbHO-OCBITHIX IIAX, TaK i B HAyKOBHX
po3podkax [5—11].

Mera i nocTaHOBKA 3aBIaHHS

Y mporieci po3poONICHHS PI3HUX MoOJeNek
HEOOXi/IHO 3aCTOCOBYBAaTH HAHOLIBII eeKTHUBHI
METOJIU K CTBOPCHHSI T'€OMETPii MOJEIICH, TaK 1
CIocOOM 3aBJaHHS CKIAJAIbHUX 3aJISKHOCTEH,
SKI Hajajal TO3BOJISIOTH MOJICIIOBATH PyX elie-
MEHTIB KOHCTPYKIIii. Big mpaBUIBLHOTO BUKOPH-
CTaHHSI MOXKJIMBOCTEH, 1110 TPE/ICTaBIICHI y TPO-
rpami, 3aJeKHATh BIPOTIAHICTE 1 TOYHICTH
OJICP’KYBaHMX PE3yJIbTATIB, @ TAKOXK Yac, 3aTpa-
YyBaHUW Ha KOMII FOTEPHI eKCIICPUMEHTH.

Omxe, TOPIBHAIBHUI aHaJI3 3aCTOCOBAaHUX
JUIsSl CTBOPEHHSI MOJIelieil MEeTOINK, y3arajibHeH-
HSl OTPUMAHUX PE3yJbTATIB 1 BUPOOJICHHS alro-
PUTMIB 1 METOJIB MOJCIIOBAHHS JIs KOHKpET-
HHUX MAaIlliH 1 MEXaHI3MIB, € JOCHTh Ba)KIHBOIO
Ta aKTyaJbHOIO TPOOIIEMOIO.

OcHoBHA YyacTHHA

OpHi€ro 3 HepIIMX MOACICH MEXaHi3MIB, BH-
KOHAaHWX Y Tpolleci BUBYEHHs makera Inventor,
OyB muaHerapHuil peaykrop (puec. 1). Hns ii
CTBOpPEHHSI, 30KpeMa 3a y4acTi CTYJIEHTIB, Bifll-
panpboByBajacs TIOCTIIOBHICTh MOJIEIIOBAHHS
OKpEMHX JeTajiei, ONTHMI3yBaauCs MiIXOAH J0
CTBOPCHHS MapaMETPUYHUX €CKI3iB, BHUBYAIMCS
MOXIIUBOCTI Ta OCOOJNMBOCTI BHUKOPHCTAHHS
«MaMCTpiB MPOEKTYBAHHS JIJIsl CTBOPEHHS BaJIiB
1 3y0UacTHX KOIiC.
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Puc. 1. Mogens cxemu CKJIaiaHHS pEeAyKTOpa

Ha HacTynmHoMy etami Oyau CTBOpEHI Mojeni
OyJiBEIbHUX 1 TOPOYKHIX MAIIUH 3 TOAAJIBIION
MOXKJTMBICTIO MOJICTIOBaHHS PyXy IX OCHOBHHX
po0OYMX MEXaHi3MIB 1 caMOl MallIMHK 3a 3a3/1a-

JICTib 3a/IaHOK0 TPaeKTopiero. Takok CTBOPEHI
(1 MPOIOBXKYIOTh JOMNPALbOBYBATHUCS) SJIEMEHTH
KPUBOIIMITHO-IIATYHHUX, BaXKUIbHUX, MAasTHH-
KOBHUX Ta IHIIMX MexaHi3MmiB. Po3poliieHi Mose-
JIi Ta TpaBWIIa 3aBJIAHHS CKJIaJIAIbHUX 3aJIeKHO-
CTeld  CTaloTh  OCHOBOIO  JUISi  BUKOHAHHS
CTYJICHTaMH KYPCOBHX 1 AMIJIOMHHUX MPOEKTIB.

Ha moTouHuii MOMEHT CTBOpEHI Moeii
(muB. puc. 2) (poHTAIBHOrO HaBaHTaKyBaya
(a), ckpernepa (0), exckaBaTopa (B), aBTOrpeiae-
pa (T), a TAKOX JEIKUX 1HIIMX MAIIIHH.

Lli poboTH mpeacTaBsUIMCS HAa KOH(EPEHIIi-
SIX 1 KOHKypCcaX Pi3HUX PIBHIB 1 3aBXKIH BHKJIH-
Kany iHTepec (mokiaaHinie qus. [12]).

B
Puc. 2. Ilpuknaau po3po0ieHUX MOENeH MAIMH I 3eMIITHUX POOIT

3 BUXOIOM HOBHX BepCiii mporpamu (Io4u-
Hatouu 3 2011 p.), y skux OyJjio JoAaHe cepeno-
BHUIIIE IMHAMIYHOTO MOJICITIOBAHHS Ta PO3paxyH-
KIB Ha OCHOBI METOJy CKIHYCHHHMX CJICMECHTIB,
3’sBUJIACS MOXKJIMBICTh HE MPOCTO MOJICITIOBATH
PyX MexaHi3My, a i MPOBOJUTH BIPTyalibHI €KC-
MEPUMEHTH 3 PO3pOOICHUMH U(POBUMH ITPOTO-
THUTIaMH. BayKITMBUM acrieKToM JOCIiHKEHb Y IIHX
MUTAaHHSX CTa€ BH3HAYCHHS HEOOXiJHOI JeTai-
3amii Mozened 1 MPUIYCTUMHX CHpoIeHb. Ha-
camrepell MM HABYMJIMCS JOCITIDKYBaTH CTi-
KICTh MAIlIMH Ha J0pOrax i IJIOIIaaKax 3 Pi3HUM
MO3I0BXKHIM Ta/ab0 TONEPEUYHUM YXHUIIOM, BH-
3HAYaTU KyTHU MEPEKUJaHHSA B pa3i Pi3HUX MOJIO-

T

JKEHb POOOYOro yCTaTKyBaHHS, aHAJi3yBaTH 3y-
CHJLISL Ta OIOPHI peakilii, 1110 BUHUKAIOTh B €JIe-
MEHTaxX XOIOBOIO YCTATKYBAaHHsS B TPOIIECi MO-
JONIAHHS Pi3HUX mepermkon. Ha HaBemeHUx
UTFOCTpAIIiAX MPEACTaBICHI MPUKIAAN TaKHX J0-
CITiJPKEHb.

Ha puc. 3 po3riisiHyTi OMOpHI peakilii, 1110 BH-
HHUKalOTh Ha pami aBTorpeiizepa 3a yMOBH 3y-
cTpiyi 3 HenepeOopHOIO neperikoao. Ha puc. 4
HaBeJIeHa MOJICNb ()POHTATLHOIO HABaHTAKyBaya
Ta KOMIT'FOTEpHI EKCIIEPUMEHTH 3 BU3HAYCHHS
roro criiikocti. Ha puc. 5 mocnimkeHa kiHema-
THKa POOOTH aBTOMITHOMHHKA Ta MOICTIOBAHHS
TPAEKTOPIi VIS TOCSATHEHHSI 3aIAaHMX TOYOK.
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Puc. 5. KinemaTrnuHi JOCIIDKEHHS MOOUILHOIO ITIIHOMHKKA

OcranHi poOOTH TIPHUCBSIUEHI JAOCITIHKCHHIM
MUTaHb BIAMOBIAHOCTI KOMII FOTEPHUX MOJEICH
Ta 1X (I3UYHMX MPOTOTUMIB. Po3rismaroThes
MOXIIUBOCTI MPUITYCTUMHUX CIPOIICHb PealbHUX
MOJIENIEN Ta OLIHKKA MOXHOOK, 1[0 BUHHUKAIOTE 3a
YMOBH TaKHX CIPOIICHb.

L{poro poxy 3ailiCHEHHUH MepexXix Ha BUKOPH-
CTaHHS HACTYIHOI Bepcii mporpamu Inventor
(2018), y siky Moke OyTH BIPOBaKSHHH IIPO-
rpecuBHHI po3paxyHkoBuid Momyib NASTRAN
in CAD.

[IpoBoaUTHCS aHai3 HOBHX MOMKJIMBOCTEH,
BUITPABJICHUX MOMUJIOK i HETOYHOCTEH Tomepe-
JIHIX BEpCiil; po3riIsAAaloThCs HOBI BapiaHTH BH-
pIIIEHHS MOCTaBJICHHUX 3aBJiaHb, 30KpeMa pPo0o-
Ta 3 MOJCISIMU, CTBOPDCHUMH B IHINHMX MaKeTax
(Solid Works, Kommiac) i nepenava momeneit ajis
po3paxyHkiB y maker ANSYS.

BuchHoeku
Kowmm’torepae MopenmtoBaHHS JO3BOJISE BH-
pIlIyBaTH BEIUKHUM CIIEKTP IHXKSHEPHUX 1 JOCHTi-
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JTHHUIBKAX 3aBJlaHb. | eoMeTpuYHe MOJETIOBaH-
Hsl mpopoOieHe HaHOLTBII TITMOOKMM YWHOM i
WOro nmoAaibIINi PO3BUTOK MOJISATAE Y CTBOPEH-
Hi TIapaMeTpUYHHUX CIMEHCTB neraneidl i By3IiB
JUISE MOKITUBOCTI BHOOPY ONTUMAIBHUX PO3Mi-
piB 00’ekTiB. Habarato ckiajaHille BUIIISIAIOTH
3aBJIaHHS 3 MOJICITIOBAHHS MTOBEIHKH MaIllH, iX
BY3JIiB, arperaTiB i ckiajoBux yactuH. Lli 3a-
BJIAHHS MOXXYTh OYTH BHUPIIIICHI TUIEKA METOJIOM
MOCTIIOBHOTO ~ HAaONWKEHHS  BIPTYaJbHUX
00’€KTIB (KOMIT'IOTEpHHUX MOJEINeil) 10 peab-
HuX MamuH. OpHaK OaraTo 3aBJaHb JIOCITIIHU-
IBKOTO XapakTepy MOXYTh OyTH YCIINIHO BH-
pileni Bxke 3apas, 110 ¥ MOKa3aHo B Iil CTATTI.
[Ipore aBTOpH BBaXarTh, M0 HAa Cy4aCHOMY
erami BapTO MPOBECTH KOMII IOTEpHI JOCIi-
JOKEHHS (DI3MYHUX SIBMII MO0 KOHCTPYKIIIH
OyaiBelbHUX 1 JOpOXKHIX MamuH. HeoOXimHo
TaKOXK PO3MIITHYTH MOMJIHMBICTH TPaHCIIOBaHHS
3D-mozeneld MamuH y TpOrpaMHi MPOAYKTH,
IO JO3BOJSIOTH BHUKOHYBATH PO3PaxyHKH Ta
MaTeMaTH4HI JOCTI/KEHHS 13 3aJaHuX HayKo-
BHX HamnpsMiB, Taki sk MatLab, Simulink i mo-
nioHi. PesynpTaT nux poOIT OyayTh MPEaCTaB-
JIeHI B HACTYITHUX MyOJiKaIlisX.
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Review of achievements and research directions in
computer modeling of machines and mechanisms
in KhNAHU

Abstract. The paper presents the implementation of
computer-aided design technologies in the educa-
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tional process, diploma design, as well as in scien-
tific researches. It is underlined that a qualitative
leap in the possibilities of modeling machines and
mechanisms occurred in 2006, with the start of the
Autodesk Inventor Series package using. It allowed
creating a detailed model of the product — a digital
prototype — simulating not only the geometry but also
the basic physical properties of the parts. An im-
portant and actual problem is the analysis of the
methods used for models creations, the generaliza-
tion of the results obtained and the development of
algorithms and modeling methods for specific ma-
chines and mechanisms. The created models of con-
struction and road machines were described, as well
as the elements of a crank, link, pendulum, and other
mechanisms. With the addition of a dynamic model-
ing environment and calculations based on the finite
element method, it became possible not only to simu-
late motion but to conduct virtual experiments with
developed digital prototypes. First of all, it is the
study of the stability of machines, the determination
of tip-ping angles, the analysis of forces and support
reactions in the elements of running equipment when
overcoming obstacles. In conclusion, it was noted
that computer modeling makes possible to solve a
wide range of engineering and research problems.
Geometric modeling is worked out most deeply, and
the task is to create parametric families of parts. It is
more difficult to model the behavior of machines,
their components, assemblies and components. These
problems should be solved by the method of succes-
sive approximation of virtual objects to real ma-
chines with acceptable simplifications. It is also nec-
essary to conduct computer studies of physical
phenomena as applied to the design of construction
and road machines, including the possibility of inte-
gration with settlement systems (such as MatLab,
Simulink, Ansys). The results of the research will be
presented in future publications.

Key words: computer simulation, digital model, vir-
tual experiment, road and construction machines,
Autodesk Inventor.
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O030p nocTH:KEHHIT M HANPaBJIEHUsI MCCJeI0Ba-
HHMIl KOMIBIOTEPHOr0 MOAEJTHPOBAHUS MAIIMH H
MexaHu3sMoB B XHAJY

Annomayusn. Ilpuseden 00630p cozoannvix 3D-
Mooenell MexaHusmo8 U OOPOACHBIX U CIMpPOUmeib-
HbIX MAUWUH, Komopble ObLiu paspabomansl noo py-
K080OCmMeoM npenooasameell Kapeop UHICEHEPHOU
U KOMNBIOMEPHOU 2paguKu U CmpoumenbHuIx U 00-
pooichvix mawun um. A.M. Xonodosa c¢ yuacmuem
cmyodenmos u acnupanmos. Ilpoananuzupoearul
603MOIACHOCU NIAHUPOBAHUSL U NPOBEOCHUsL GUPNLY-
ANILHBIX  IKCNEPUMEHIO8 OMHOCUMENbHO PEeNCUMO8
pabomul dMux MAWUH U AHATU3A NPOYHOCIU UX KOH-
cmpykyutl. Onpedenen nepeyensb O3MONCHbIX 3a0ay
0151 peuteHust Memooamu KOMNbIOMEPHO20 MOOeU-
POBAHUSL.

Knrwouessvle cnosa: xomnviomepnoe Mooeauposanue,
yugpposas mooenv, GUPMYATbHBINL IKCHEPUMEHM,
dopodchbie U cmpoumenivible mawuHvl, Autodesk
Inventor.
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