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XapKiBChKHI HAIIOHAILHUNA aBTOMOO1THHO-TOPOKHIN YHIBEPCUTET

KOMIT'FOTEPHE MOJIEJIIOBAHHA SAIK METO/ TA 3ACIb
YAOCKOHAJIEHHA BY AIBEJIBHUX MAILINH

Yoockonanenns nasuanvrnoco npoyecy, nioguweHHs AKOCMi 0CGimu y iH-
JHCeHePHIll 2any3i ma ephexmusHe SUKOPUCTNAHHSA MEXHIYHUX MemOoOdi8 ma 3dcCo-
0i6 nio wac npoexmys8anHs ma MooepHizayii 6yoieeibHOI MexHIKU 3 8UKOPUC-
MAHHAM KOMN TOMEPHO20 NPOSPAMHO20 3A0e3NeYeH sl € HAUAKMYANbHIUOW C)-
YacHoIo 3a0ayero.

Axyenm 6 ocgimi, Kompuil NepeHOCUMbCsl HA CAMOCMIUHY pobomy cmy-
Oenma Oe3 3MiHU Ni0X00i8 ma Memooieé SUKIAOAHHS OUCUUNTIIH, d came chneyia-
JII308AHUX NpeOMemi8 He2amugHO GNIUBAE HA AKICMb NI020MOBKU MAUOYMHbLO2O
cneyianicma. Tum nave y makuil cKpymHuil 4ac, Koau NOSHICIIO 00800UMbCS
nepexooumu Ha OUCMAHYIUHY (OpMY HABYAHHA 6KpAlUl HEOOXIOHO 3MIHIO8AMU
nioXi0 00 HABYAHHS, 0COOIUBO HA CIMAPUUX KYPCAX.

Cmeopents CKIaoHUx KOMIIEKCI8 MAWUH CYRPOBOONCYEMbCA 3HAYHOIO Kilb-
Kicmro npomiscHux 3aoau. Lle y 3HauHiti Mipi nog sa3amne 3 GUKOPUCTMAHHAM HA PI3HUX
MEXHONIO2IYHUX ONepayisx ma 3 PI3HOMAHIMHUM 3MIHHUM POOOYUM OONAOHAHHAM
YCb020 KOMNIEKCY 0)0i8e/ibHOI MEeXHIKU 3A0ISHOI HA PeKOHCMPYKYIL, OVOIGHUYMEI,
MoOepHizayii 6yoisenb, 00pie, KOHUEHMPOBAHUX 00 'EKMIE MOUYO.

Cyuacni memnu 00podiCHb020 OYOIBHUYMBA OUKMYIOMb UCOKI BUMOU 00
MEeXHIKU, OOHUM 3 BAICTUBUX NAPAMEempi8 5AKOI € Koeiyienm GUKOPUCMAHHSL
MawiuHu 3a dyacom. Ilpu BUKOHAHHI MeEXHONO02IUHUX Onepayili HaBAHMANCEHHS
810 IPYHMY Nepeodacmuvcsi yepe3 OCHOBHUU POOOUULL OpeaH MAUUHU 00 BCIX elle-
MeHmi8 MexaHizmy niogicku po60402o 00J1A0HAHHL.

3acmocysants npoepamHux KOMNIEKCi8 0a€ MOACIUBICMb NONEPeOHbO2O
nepeaniady 6y0b-aKoi OisIbHOCMI 8 X00I MOOEN08AHHS, 0036805€ Nepesipumu Ha
be3nexky, sMeHwumy 8apmicmo, a IHOOI i 3HAUMU HOGI WIAXU peanizayii, He
npoeoosiHU 0opo2ux sunpobysams. /s ybo2co HeoOXIOHO NONEPeOHbO 3MO0eI0-
eamu 8y30J, azpezam, MoOylb, KOMpuil 6yoe 83aEMO0IAMU Y CKIAOHIU cUCmeMi
«TPYHM=-8Y301-MAUUUHAY .

3acmocyearts MOOeN08aHHA 00380IUMb OYIHUMU 308HIUHIL BUTISO 20MOBO-
20 8UPOOY ma 1ioeo KOHCmpyKmueHi eiemenmu. Ha oanuti momenm po3pobka o6 'e-
Kmig 6y0b-5K020 8Udy Hemodiciuse be3 cmeopenus 3D mooeni. Taxutl npoyec 00360-
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JUMb NPOAHANIZYEAMU MOYHICMb POOOMU BCIX V318, AKI 83AEMOOIAMUMYMb NPU
BCMAHOBNEHHI HA NPOEKMOBAHY, A0 8ice ICHYIOUY MAUUUHY.

Knrouosi crnosa: komn'tomeprne mooeniosanus; 0yoieenvhi Mauunu;, npoe-
KMYy8anHs; poboue 00JAOHAHHS, NPOSPAMHUL NPOOYKIM.

IocranoBka mpo6aemn. CyyacHOMY MPOEKTYBaHHIO Ta MOJEpHi3allli
MallliH OyaiBEJIBLHOIO CIIPSMYBaHHS IpPUTaMaHHI Takl €Tamu, K OOMeXeHUU
4yac, HECTIMKUN XapaKTep KOMIUICKTAIlil TPOCKTOBAHOI MAIIMHU, HE BIIMOBII-
HICTh y MOBHIN Mipl TEXHOJOTIYHMUX MOXJIMBOCTEH MiJMPUEMCTBA BUPOOHUKA,
ampiopHi HEJOCTOBIPHI BIIOMOCTI PO KOHKYPYIOUHX BUPOOHUKIB TOIIO [1].

AKTyallbHICTh POOOTH TOJSTAE€ Y BUKOPUCTAHI KOMIT IOTEPHOTO MOJIEITIO-
BaHHS K 3aC00y YIOCKOHAJICHHS Ta MOJEPHI3aIlli pododoro obiaaHaHHs Oyi-
BEILHUX Ta JIOPOXKHIX MAIMH Ha Pi3HUX €Tamax >KUTTEBOTO IUKIY Ta TP BU-
KJIaJIaHH1 CIeliali30BaHUX JUCIUIUIIH MAIIMHOOY/IIBHOT Tairys3i.

Buxopucranns cydacanx CAD 1 CAM - cucreM njisi BUPIIICHHS JTaHUX
MUTaHb CTABUTh CEPHO3HE 3aBJIaHHS IO MIATOTOBII KaJapiB, KOTPi 3MOXKYTh MO-
€JTHATH OaraTopiyHUN JTOCBIJI Ta HAsIBHI TEXHOJIOT1I 3 BMIHHSAM iX IIPaBUJIBLHOIO
3aCTOCYBaHHS.

AHaJi3 ocTaHHIX Jocaixxkens i myouaikaniii. Ha ocHoB1 (izuyHoro mo-
JIETIOBaHHS poOOYMX MPOIECIB Ha MPUKIaAl podoYoro oOJaHAHHS 3eMIICPHUIA-
HUX MallvuH OyJiM 3aKJaJIeHI OCHOBH KOMIT'IOTEPHOTO Moje/toBaHHS. Di3uuHe
MojietoBaHHs Oyio BigoOpaxeHe y podotax B.I. banoBHeBa, y skux Oyio BU-
KOHAHO BEJMKUUA 00CIT poOIT Ha (PI3UYHUX MOJENSAX, po3po0JIeHi KpuTepii mo-
ni6HocT! [2]. B Ykpaiui 1eii HanpsiMOK pO3BUBAETHCS i KEPIBHULITBOM IPO-
decopa Xmapu JI.A. ta Kupnuenko L.I'., i KepiBHULITBOM SIKUX BUKOHYBAJIACS
€KCIIEpUMEHTAJIbHI JTOCHII)KEHHS Yy TPYHTOBOMY KaHajl Ta HaBYAJIbHOMY IOJI-
TOHI 3aKJIaJiB OCBITH, V SIKUX BOHU BEIyTh CBOIO HAYKOBY IISTIBHICTH [3, 4]. 3
PO3BUTKOM OOYHMCITIOBATIBLHOT TEXHIKM Ta MPOrPAMHUX MPOAYKTIB 1€ HAIPSIMOK
OyJ10 MAXOTUICHO 1HIIUMHU JTOCTITHUKaMU, pOOOTH SKMX HAMpaBlieH] Ha BJOCKO-
HaJICHHS Ta ONTUMI3AII0 KOHCTPYKII poOodoro o0iajHaHHS MaIluH Oy/liBe-
JIBHOTO CTIPSIMYBaHHS B 3aJIC)KHOCTI BiJl TIOCTaBJICHUX 3aza4 [5-9].

®opmyaoBaHHA 1ijeil crarti. Ha 0CHOBI BUIIEBUKIIAACHOTO BUHUKAE
noTpeba y OUIbIN JAETANIBHOMY PO3IJISi/Il MOJAHHS MaTepiaiiB Creliani30BaHuX
JUCUUIUIIH JUIsi MallOyTHIX 1H)XKEHEpIB Ta KOHCTPYKTOPIB OY/IBENIbHOI ramysi.
Cnix npuaimuTya OUIbIlIe Yacy Ha BUBYEHHS MPOIIECIB MOJIEIIOBAHHS pOOOYOro
oOnajiHaHHS, K€ MOXKE MaTH JIy>Ke Oarary JIiHIMKY 3MIHHUX BapiaHTiB Ha OAHY
i Ty camy 0a30By MmammHy. [lepeBaroro TpUBUMIpHOTO MPOCKTYBAHHS € BHUKO-
pUCTaHHS HOTO pe3yJbTaTiB y HACTYITHUX €TaraX BHTOTOBJICHHS Ta MOJCpHIi3a-
111 KOHCTPYKIIH.

OcHoBHa yacTuHa. OHUM 3 MEPIIUX €TaMiB MATOTOBKK MaTepiajiB JJis
MIPOBENICHHSI 3aHATh € aHAJI3 PUHKY CIEIlali30BaHOi TEXHIKH, KOTpa BUKOPHC-
TOBYETHCSI HA TEPUTOPIi HAIIOT AepKaBH Ta 3a il KOPJIOHAMH, a TAKOXK 1CHYFOUMX
METOJHMK PO3paxyHKiB poboudoro oOnaaHanHs. Ha ganomy erami miATOTOBKH
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BXKE pPO3POOJIEHO JESKY KUIBKICTh TPUBUMIPHHX MOJENEN MAllhH Ta PoOoUYnx
00J1aJIHaHb 3 MOJATBIIMM 30UIBIICHHSIM JAHOTO BIPTYaJbHOIO MMapKYy.

OpnHuM 3 00'€KTIB AOCTIHKEHHS 3eMJIEpUHHOT MallluHU Oyjia oOpaHa cuc-
TeMa TIJIBICKM TPEeHICpHUM BigBalioM aBTorpeiaepa [5]. Slk mporoTun BuBUa-
eThcst aBTorpernep [A3k-251 skuit BuroroBisiBca B Ykpaini (puc. 1). ¥V icHyro-
YUX METOJMKAX MPOCKTYBaHHS TPAIULINHO PO3TISAAIOTHCS PO3PAXYHKOBI MO-
JIO’KEHHS, 10 BIAMOBIIAI0Th HANOUIBII HECTPUSATIMBOMY HABAHTAKEHHIO.

Puc.1 Astorpeiinep cepennboro kiacy /[3k-251

Takox B OCHOBY OUTBIIOCTI METOAMK MOKJIAACHO IUIOCKI PO3pPaxyHKOBI
CXEeMH, 10 MPOTOHYIOTh MPUKIAAATH 30BHINIHI HABAHTAXKEHHS TUIBKH B IUIO-
IMHI TTO3I0BXKHIX OCEH TiIPOMMIIHAPIB, MO YIPaBIsOTh. Ha BiaMiHy BiX 11h0O-
ro iICHyI0Ul KOHCTPYKIIiT poO0odoro obiagHaHHs aBTOTpeiIepa € MpoCcTOPOBUMHU
Ta aCHMETPUYHUMH, 3a0€3MEeUyI0OUN TUM CaAMUM MPAKTUIHO OyAb-SIKE MOJIOKEH-
HS BiZBaJy B MPOCTOPi. 3a3HAUCHI 3ayBa)KCHHS 3alepeyylOTh ICHYIOYl CKIIaj-
HOIIll B aHAI31 HABAaHTAXXEHOCTI T1IPOMIPUBO/TY YIIPABIIHHA OCHOBHUM BiJIBaJIOM
aBTorpeunaepa.

Jlnst BupinieHHs 1i€i mpoOjeMu Ta OUIBIN JIETaJbHOTO PO3TIsAy Oynu
CTBOPEHI TPUBHUMIPHI KOMI'IOTEPHI MOJIEN 1ICHYI04O1 (puUc. 2, @) Ta MOJEPHI30-
BaHOi (puc. 2, 6) cuctreMu poOOYOro 00JaHAHHSI, @ caMe TSATOBOI pPaMU aBTOT-
peiinepa [5, 7].

a 4]

Puc. 2 TpuBumipHa MOJIEITE pOOOYOTO 00JIATHAHHS aBTOTpelaepa:
a — icHyroua; 6 — MOJIepHi30BaHa
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Jlnis po3riisiy MUTaHb 3 00'€KTIB JOCHIIKEHHS MIAMOMHUX MalluH Oyia
obpana cucrtema pob6o4oi MmIaTGopMu aBTOTIAPOINITHOMHUKA MTPEACTaBIECHOTO
Ha HaB4ajgbHOMY Tojironi XHAJLY (puc. 3, @). 3rigHo 3 NPOBEACHUMHU paHille
JOCITIKEHHSIM BCTAHOBJICHO, IO ISl OLIIHKA €(EKTUBHOCTI BUKOPUCTAHHS OY-
JIIBEJIbHOT TEXHIKKM MOK€ OyTH BUKOpPHCTAaHA CUCTEMa MOKA3HUKIB €(PEeKTUBHOC-
Ti, aJié OCHOBHUM 3 HHUX € OI[IHKa HOro CTIMKOCTI NpoTu nepekuaaHHs. Lle
MOB’SI3aHO 3 TUM, IO 31 30UIBIIEHHSM BUCOTH MiAHOMY MIATHOPMH 1 BUIIBOTY
CTPUIOBOTO 00JIaTHAHHS, 3MEHIIIYETHCS 1X CTIWKICTb, 110, B CBOIO UEPTY, 3HUKYE
e(EeKTUBHICTh 3aCTOCYBaHHS J1aHOI TEXHIKU. TpHUBUMIpHAa KOMI'IOTEpPHA MOJENb
JaHoi poOoyoi mIaTpopMu HaBeeHa Ha PUCYHKY 3, 6 [6].

o

Puc. 3 Cucrema po60o4oi miaTdopmMu aBTOTiAPOITITHOMHUKA :
a — ICHYIO4YMH IPOTOTHIL; 6 — TPUBUMIPHA MOJIENb

B o6nacti TpaHcmopTyrouoi TeXHIKH OyB PO3TISIHYTHI OJUH 3 Cy4acHHUX
TEJIECKOMIYHUX HaBaHTaxyBauiB (puc. 4, a). Taki HaBaHTa)XyBadi € yHIKaJIbHU-
MU Ta BIAPI3HAIOTHCS BiJ 1HIIMX MAIIUH 7151 BAHTQXKHUX 1 TPAHCTIOPTHUX POOIT.
TeneckoniuHi HaBaHTa)KyBaul Ha BIAMIHY BiJl (pPOHTAIBLHUX HaBaHTA)KyBauiB
MaloTh BEJIMKY BUCOTY PO3BAaHTAXKEHHS 1 MiJABUIIICHE YUCIIO orepaliiid. Big Bui-
KOBHMX HABAaHTa)XyBadiB BOHU BIJIPI3HAIOTHCA 3PYUHIIIOI MOJAYECI0 BAHTAXKY 1
BUCOTOIO Tiaomy. [IpencraBnena po3poOka TpUBUMIPHOI MOJIET KOHCTPYKITIT
TPLJIM HABAHTAXyBaya 3 HOJBIMHAM TenecKonoM (puc. 4, 0).

C
e _ < &

Puc. 4 TeneckoniuHuii HaBaHTa)KyBay :
a— AMkomop 535; 6 — TpuBUMIpHA MOJIETTE POOOYOT0 00JIaTHAHHS

OxpiM BUILE3rajaHUX Mojeneld podoyoro oOIaHaHHS y MaTepiaiax Jgu-
CIUIUTIH BUKOPUCTOBYIOTHCSI CTBOPEHI TPUBUMIPHI MOJIEJI TSATOBOI pamMH HaIiB-
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pHUYiTHOTO cKperepa [9], ekckaBaTopa, MOCTOBOTO KpaHy TOIIO. Y TOIaIbIINAX
poboTtax OyayTh BUKOHAHI KIHEMAaTUYHI PO3PaXyHKH, PO3paXyHKH HAMPY>KEHOC-
Ti Ta ONTUMI3aIliTHI BJIOCKOHAJICHHS €JIEMEHTIB KOHCTPYKII poOodoro obai-
HaHHS.

BucHoBku Ta nepcnekTuBH. B po60Ti 3arponoHOBaHUM OJIUH 13 NIJISAXIB
BUKOPHUCTAHHSA CYYacCHOTO KOMIT FOTEPHOTO TPOAYKTY SIK 3ac00y y IOCSTHEHi
METH TIATOTOBKH CYYaCHHX KOHKYPEHTOCIIPOMOXHHX CIEIliaTiCTiB Y MaIlnHO-
OyaiBHIHM ramys3i, SKi Ha PI3HUX eTarnax MPOeKTyBaHHS Ta MOJIEPHi3allii KOHCTPY-
KITii poOo4oro o0IaJHAHHS Ta MAIIWHA 3arajioM 3MOXYTh 3 BUCOKOIO TOYHICTIO
Ta MaJUMU BUTPATaMU 4acy BUKOHYBATH JOCIIHKEHHS PI3HOTO MPU3HAYCHHS Ta
CKJIaIHOCTI.
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COMPUTER MODELING AS A METHOD AND MEANS OF
IMPROVING CONSTRUCTION MACHINES

The task of improving the educational process, improving the quality of
education in the field of engineering and the effective use of technical methods
and tools in the design and modernization of construction equipment using com-
puter software is the most pressing modern task.

The emphasis in education, which is transferred to the independent work
of the student without changing the approaches and methods of teaching disci-
plines, and even more so specialized subjects, has a negative impact on the
quality of the future specialist. Especially in such a difficult time, when you have
to completely switch to distance learning, it is extremely necessary to change the
approach to learning, especially in senior courses.

The creation of complex complexes and machines is accompanied by a
significant number of intermediate tasks. The use of the whole complex of con-
struction equipment is mainly used in various technological operations and with
the use of various replaceable work equipment.

Modern pace of road construction dictates high requirements for modern
technology, one of the important parameters of which is the utilization rate of
the machine over time. When performing technological operations, the load
from the ground is transmitted through the main working body to all elements of
the suspension mechanism of the working equipment.

The use of software allows you to preview any activity during the simula-
tion allows you to check for security, reduce costs, and sometimes find new ways
to implement, without conducting expensive tests. To do this, it is necessary to
pre-model the node, unit, module, which will interact in a complex system.

The use of modeling will assess the appearance of the finished product
and its structural elements. At the moment, the development of objects of any
kind cannot but be accompanied by the creation of a 3D model. This process
will allow you to analyze the accuracy of all components that will interact when
installed on a designed or existing machine.

Key Words: computer modeling, construction machines, design, working
equipment, software product.
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