YJIK 004.925.8:621
DOI: 10.32347/0131-579x.2023.105.16-22
1. T. H. ipodecop Banin B. B.,
vaninvladimir30@gmail.com, ORCID: 0000-0001-7008-7269
1. T. H., mpodecop Bipuenko I'. A.,
kpivir@gmail.com, ORCID: 0000-0001-9586-4538
K. T. H., 1o1eHT S0aoncbkui I1. M.,
ypn@ukr.net, ORCID: 0000-0002-1971-5140
cT. Bukiaaad Jlazapuyk-Bopobiiosa 1O. B.,
jullazarchuk@gmail.com, ORCID: 0000-0002-7866-3299
cT. BUKJaaad Bopooiio O. M.,
vorobyov.kpi@gmail.com, ORCID: 0000-0001-5314-1075

HanionansHuil TEXHIYHUNA YHIBEPCUTET Y KpaiHU
«KuiBchbKUI MOMITEXHIYHUH THCTUTYT IMeHI [ropst CiIKOpChbKOTO»

MOAYJbHO-TEOMETPUYHMI MIJIXIJ B
ABTOMATHU30BAHOMY INTPOCEKTYBAHHI BUPOBIB
MAHIIMNHOBYAYBAHHSA

Mawunobyoyeanns sense coboio 00HY 3 0A308UX 2any3ell C8imosol
NPOMUCTIOBOCMI. 3 HUM MICHO MO8 S3aHe CMAHOBNEeHHS HAWLOI 0epiHcasu sk
CK1A0080i CRiNbHOMU €BPONEUCHLKUX Kpain. ToMy 008011 akmyaibHUll NOOAIbULULL
PO3BUMOK ~ MAWUHOOYOYBAHHA — WIAXOM — 30IUCHEHHS  HANENCHUX 1020
B00CKOHAIeHb. 3A2aIbHOBUSHAHUM HANPSAMKOM NIOBUUEHHS AKOCMI NPOOYKYIi €
aA8MoMamu308ane NPOEKMYBAHHS, WO HUHI 00801 PO3NOBCI0ONHCEHE 8 3A3HAUEHIl
cghepi Odisinonocmi. Ilpo ye ceiouumov wupoxe SUKOPUCMAHHS PIZHOMAHIMHUX
CAD/CAM/CAE/PDM (Computer-Aided Design/Computer-Aided
Manufacturing/Computer-Aided Engineering/Product Data Management)
Komn 'tomepHux cucmem. bez ocmanHix cmeopumu mexHiyHi 06’ ekmu c8imogoco
Ppi6HA NPAKMu4Ho Hemodcauso. [anuu axm o0OyMo8neHo mum, W0 BKA3AHI
3acobu 00380/10Mb CYMMEBO CKOPOMUMU MEPMIHU NPOEKMYBAHHS BUPODIS,
nioguwumy  iXHIO  AKICMb, 3HUUMU BUMPAMU HPU  GUSOMOGIEHHI md
excnayamayii.

Bioomo, wo ceomempuune mooentosanus cmano8ums yHOAMeHMATbHUL
KOMNOHEHmM CMBOPeHHs 6a2ambox 8U0i8 NPOMUCIO0B0T NPOOYKYIi, € HEGI) EMHUM
enemenmom  b6acamvox cyvachux CAIIP  (cucmem — asmomamuzo6anoco
npoekmysanns). Omoice, 6i0 OOCKOHALOCMI KOMI TOMEPHO20 (POpMOYMEOPeHHs
CYMMEBO 3anexcamsv GiONOGIOHI XaApaAKmepucmuky onpaybo8y8aHUx MexHiuHUxX
00 ’ekmig. IcHye wumano Hayko80-memoouyHux nioxodie 00 eeKmusHoi 1020
npakmuynoi peanizayii. QOun i3 HUX CMAHOBUMb MEMOOOA02Isl CMPYKMYPHO-
napamempudHo20 2eoMempuiHo20 MOOEN6AHHS, 3aNPONOHOBAHA HAYKOBOIO
WKONI0K NpuKkIaoHoi eeomempii Hayionanvnoeo mexHiuHo20 YHiGepcumemy
Yrpainu «Kuiecokuu nonimexuiynuti incmumym imeni 12ops Cikopcbko2o».
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lIpoepecusnum Hanpsamxom y Mamuno06y0y8anti € MOOYIbHUL NiOXi0, U0
3aCcmMoco8yembCs ni0 4ac NPOECKMYBAHHSA, SU2OMOGNEHHS Ma eKCNIyamayii
mexHiuHoi npodykyii. bacamo numans HA PI3HUX CMAOIAX HCUMMEBO20 YUKILY
MICHO MO8 A3aHI 3 2eOMempUYHUMU napamempamu eupooie. Tomy axmyanvHa
HAYKOBO-NPUKIIAOHA 3A0aya CMOCOBHO HANPAYIOBAHHS HANICHCHUX 3AC00i6 OJisl
8I0N06IOH020 KOMN TomepHo20 popmoymeopenns. Ha okpecnenns cmpamezii 0
BUDIUIEHHS ONUCAHO20 3A80aHHs HayineHa uysa nyonaikayis. Ilooana 6 Hill
KOHYenyisi OonupacmsCs Ha 3acaou CMpyKmypHO-napamempuyHoi Memooonozii.

Knouosi  cnosa: asmomamuszosamne NPOEKMYBAHHA,  2eOMeMpPUUHe
MOOEN0BAHHSA, KOMN 1OMepHi IHGopMayitini mexHono2ii;, MauuHoOyO0yeaHus,
MOOYIbHUL NIOXIO, CMPYKMYPHO-NAPAMEMPUYHA MEMOOON02IAL.

IocranoBka mnpodiaemu. MammHOOyAyBaHHS € 0a30BOI0 Tally33l0
IIPOMHUCIIOBOCTI YKpaiHu. 3 METOIO MiABUIICHHS HOTr0 €(peKTUBHOCTI Ha MPAKTHII
IIMPOKO BUKOPUCTOBYIOThCs pizHOMaHiTHI CAD/CAM/CAE/PDM (Computer-
Aided Design/Computer-Aided Manufacturing/Computer-Aided
Engineering/Product Data Management) komm’torepHi cucremu. OpHy 3
GyHIaMEHTAIBHUX 1XHIX OCHOB CTaHOBUTh T'€OMETPUYHE MOJICIIOBAHHS.
[IpuknanoM eQekTUBHOI HOro peanizaili CIyrye METOJO0JIOTIS CTPYKTYpPHO-
napameTpudHoro GopmoyTBopeHHs. [lepcniekTuBHE B MAaITMHOOYAyBaHH1 TaKOXK
3aCTOCYBaHHS MOJYJBHOTO MIAX0ay. TOMYy akTyallbHOIO HAayKOBO-TEXHIYHOIO
331a4€I0 € HampallOBaHHS Ta BIPOBAHKEHHS HAJICKHUX MOIYJIbHUX
r€OMETPUYHUX 3aCO0IB aBTOMATU30BAHOTO MPOEKTYyBaHHA. [laHOMY MUTaHHIO
MPUCBSIYECHO IO CTATTIO.

AHaJji3 ocTraHHiX gochaizkenb i myoOuaikaumiin. Y Bumanasx [1-3]
MICTSTBCS 3arajibHi BIJIOMOCTI IIOAO0 Pi3HOMaHITHUX MamuHOOyAiBHUX CAIIP
(cucTeM aBTOMATH30BAaHOTO MPOEKTYBAHHS), JAOKJIATHO PO3IIISIAIOTHCSA HasBHI
iXHl (YHKUIOHAIbHI MOXJIHMBOCTI. 30Kpema, L€ CTOCYETbCS W MIACUCTEM
MaIlIMHHOI Tpadiku Ta TEOMETPUUHOrO0 MojentoBaHHs. [logaroThea miaxoau 10
noOyI0BH BIAMOBIAHUX Mojeneu. Y crarti [4] BUKIAAEHO 0a30B1 MOJIOKEHHS
CTPYKTYpHO-IIapaMeTPUYHOrO0 (OPMOYTBOPEHHs, a y mpaumi [5] — 3acaau
MOAYJBHUX TEXHOJIOTIH MamMHOOYAyBaHHS. 3aCTOCYBaHHIO KOMIT FOTEPHUX
CTPYKTYpHO-TIApAaMETPUUYHUX TEOMETPUYHUX MOJEIeH HJisi parlioHAIbHOTO
MPOEKTYBAHHS TEXHOJIOTIYHHUX TIPOIECIB OOPOOISIHHS pi3aHHSAM MPHUCBIYEHO
poboty [6]. [TyOmikartiero [7] BUCBITIIEHO MUTaHHS BUKOPUCTAHHS MOJYJILHOTO
miAXoay T Yac CKIaJAaHHsA peaykropa. Y gociimkeHHi [8] HaBemeHo
TPUBMMIPDHE  MOJIYJIbHE  MOJCIIOBAaHHA  (OPMOYTBOPIOIOYMX  CHUCTEM
nutiyBaIbHUX BepCTaTiB. TakuM YWHOM, BUKOHAHWUW aHaJi3 JTEpaTypHUX
JUKEpeIT TOKa3aB aKTyallbHICTh OOpaHOi TEMU HayKOBHUX PO3BIIOK.

Iisti Ta 3aBIaHHSA CTATTI MOJIATAIOTh B OIMKCI 3aMPONIOHOBAHOT KOHIIEIIIT
3aCTOCYBaHHS  MOJYJIbHO-TEOMETPUYHOTO MOJICIIOBAHHS B  CEpPEIOBUIII
cydyacHux wmamuHoOyaiBHux CAIIP, ska chnupaeTbcsi Ha METOAOJOTIIO
CTPYKTYPHO-ITApaMETPUIHOTO (POPMOYTBOPEHHSI.
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OcnoBHa yacTuHA. CTPYKTypHO-TIapaMETPUYHY T'€OMETPHUYHY MOJENb
MO’KHA PO3TJISIIATH SIK CYKYITHICTh KIJIbKOX B3a€MOIOB’SI3aHUX MapaMeTPUUHUX
mozeneil. ['omoBHa mepeBara Mpu LBOMY IMOJSTAE y 3PYYHOCTI MPOBEIACHHS
HAJIeKHOT ONTHUMI3aIli1 KOHCTPYKIIIi MEBHOTO BUPOOY Ta TEXHOJIOTTUHUX MPOIIECIB
fioro BurotosieHHs. Ob6epemMo s MPUKIAAY 1MoAaHi y BugaHHi [9] Tpu tunosi
JieTalll Ta MapUIPyTH iXHROTO BUPOOHUIITBA, IUB. puc. 1 1 Tabdm. 1.

115
nz ”2
T, 11,
._.__,_,h: - __._._ﬁq;_._.
i, Z//// 1,

A=1, ... 1) J=,..0,0) J=(1,I1,1,1I)

Puc. 1. Tpu Tumosi aerani

Tabnuysa 1
Texnonoziuni mapuipymu 6Uu20moe6i1eHHs
Onepaii IoBepxni Herami
Hosu|Haitvenysannsa| - ||\ T\ Tz | T | T | 6 VT | - |\ A0 | A s
To | 3aroTiBe/IbHa | X X | x| x
T HixpizaasHa X X | x| x
T2 | O6TouyBAHHA X X | x| x
T3 | ObTouyBanusn X X | x
T4 CBepLmiHNA X X | x| x
Ts CBepLmiHusA X X
T | PosTouyBanwusa X X
Ty Bigpizannsa X X | x| x
Tg | Kourpoabna X|x|x|x

Y naHoMmy BHITQJKy 3a XapakTepHi o3Haku aeraneit /fi, ne ie{l, 2, 3},
npuitaaTi noBepxHi /7, ne je {1, ... , 7}, ki MOXyTh OyTH pealli3oBaHi ICBHUMU
KOHCTPYKIIIHHUMH, TOOTO TEOMETPUIHUMH, Ta TEXHOJOTITYHUMHU MOAYJISIMU..

JUist po3rastHyTHX 00’€KTIB JOBOJI €()EKTUBHE 3aCTOCYBAHHSI THIIOBUX
BUPOOHUYHUX TPOIIECIB 3TITHO 3 HaBeJACHUMHU B Tabj. 1 Mapuipyramu. bijgbin
MPOTPECHBHUM BapTO BBaXKATH BUKOPUCTAaHHS TPYMOBHX I1HTETPOBAHUX
KOHCTPYKUIHHO-TEXHOJOTTYHUX MOy iB. [Ipu npomy 3a KoMIiekcHUM BUPIO,
0 BKJIOYAa€ BCl CTBOPIOBaHI TMOBEpxHI, OepeThcs nerans /1. Hanexwny
CTPYKTYpHO-TIapaMETPUYHY MOJIEh, KA OXOIUTIOE CTafll KOHCTPYIOBaHHS Ta
BUTOTOBJICHHSI, TOKA3aHO Ha puUC. 2.

3 TOYKM 30py MATEMAaTHKH OCTaHHS € MYyJbTUTpadoM, TyraMm SIKOTO
BIJIMOBIJIAl0OTh HEOOX1/IHI aHAJITUYHI TTapaMEeTPUUHI 3aJIEKHOCTI, 110 OMHUCYIOTh
orieparlii KOHCTPYIOBaHHS Ta TEXHOJIOT1I BHUTOTOBJICHHS ITPOAHATI30BAHUX
TeXHIYHUX 00’€ekTiB. Lle 103BOJIsgE€ yCHINIHO 3A1MCHIOBATH IXHIO KOMILUIEKCHY
OaratokpuTepialibHy CTPYKTYPHO-TIApAMETPUYHY ONTUMI3ALIIIO.
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[TuTaHHAM 3aCTOCYBaHHS MOIYJBHHX
TEXHOJOTIM TMiJ dYac CKIaJaHHA BUPOOIB
MaIMHOOYTyBaHHST TPUCBSAYCHO Tpaiio [7].
3anpornoHoBaHi B HIiM i€l MPOUTIOCTPOBAHO HA
MPUKIIAJl BUTOTOBJICHHS PELyKTOpa.

Buknagenuit BuIie miaxij BUKOPUCTaAHHS
CTPYKTYpPHO-TIApaMETPUYHOI METOHOJOTIT st
aBTOMATH30BAHOTO KOHCTPYKTOPCHKO-TEXHOJIO-
IiYHOTO MOJYJBHOTO (OPMOYTBOPEHHS MOXKeE
OyTH TOWIMpPEeHO i Ha 3a3HaveHy CKJIaJaHHY
oquHMI0. Lle TakoX CTOCYeThCS MOIYJIBHOTO

Puc. 2. CTpyKkTypHO-napaMeTpuyda TPUBUMIPHOTO KOMIT FOTEPHOTO MOJIEIIOBAHHS

MOZCJIb KOMIIJICKCHOI'O MOAYJIA

CJIEMEHTIB CUCTEM IILTi(QyBaIbHUX BepcTatiB [8].

Hampuknag, MOAyJIbHUX TPUBUMIPDHUX MojeNeld 0O0pOOIIOBaIbHUX
IIOBEPXOHb, 300pakKeHUX Ha puc. 3.

Puc. 3. MonyneHi 3D Mozaeni 00po01roBaHUX MTOBEPXOHB!

a — WIIHAPUYHA, TOPLIEBA, TBUHTOBA; O — KPUBOJIHINHA 00epTaHHs;
6 — HEKpyIJla IWIIHAPUYHA; & — MOJBINHOI KpUBUHU;
0 — HEMOBHA WIIHJIPUYHA; e — cepuyHa

Buknagemo neski MipKyBaHHS IIOAO 3arajibHOi OpraHi3auli MOIyJIbHO-
reoOMeTpUYHOro miaxoay B cepenouilli HUuHIMHIX CAITP MamumHoOyayBaHHS.
3a3HayeH1 KOMII IOTEPHI 3aCO0M MalOTh HAJIEKHI YHIBEpCaIbHI MOTYJi TOOYA0BU
Ta Moaudikalii pI3HOMAaHITHUX TreoMeTpudHux o00’ekTiB. lle crocyerbes
CTBOPCHHSI, HANPHUKJIQA, TOYOK, JIHINA, MOBEPXOHb, TIJT Ta IXHBOI BIAMOBITHOL
tpancdopmarii. OHaK, 171 €(peKTUBHOTO OTIPAIIOBAHHS KOHKPETHUX TEXHIYHUX
00’€KTiB HEOOX1/IHI CIeIiai30BaHl KOMIUIEKCHI rpadiuHi MOy, K1 HAICKHUM
YUHOM BPaxXOBYIOTh HasiBHI OCOOIMBOCTI 3a3HAYCHO1 POayKIlii. B okpecnenomy
IUTaHI TOBOJII MEPCIEKTUBHUM JJISl [HOTO € IMIMPOKE BUKOPUCTAHHS CTPYKTYPHO-
napamMeTpUIHOT METOI0NIOT1T (hOPMOYTBOPEHHS.

BucHoOBKH Ta nepcneKTUBH J0CTiAxKeHb. J[any myOiKaiiio NpUCBIYCHO
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BOXKJIMBIA Ha Cy4yaCHOMY €Talll PO3BUTKY YKpaiHCBKOi JepikaBu Mpobiiemi
BJIOCKOHAJICHHSI Takoi TMPOBIAHOI Taly3i HapOJHOTO TOCHOJApCTBA, SK
MamHOOyyBaHHs. [loka3aHO BaXJIMBICTP TpPH IBOMY aBTOMAaTH30BaHOTO
npoektyBanHs y Burisai cucreMm CAD/CAM/CAE/PDM.  OGrpyHTOBaHO
0a30BMil XapakTep TEOMETPUYHOIO MOJCIIOBAaHHS B 3a3HAYCHHX 3acolax
KOMIT IOTepHUX 1H(OPMAIIHHUX TEXHOJIOTiH. 3amponoHOBAHO TMONIMPECHHS
METOJIOJNIOTIi CTPYKTYpPHO-TIAPaMETPUYHOTO (POPMOYTBOPEHHS, HaIpalbOBaHOI
HAyKOBOIO IIIKOJIOIO TMpHUKIaAHOI TeoMeTpli HailloHalbHOrO TEXHIYHOTO
yHIBepcUTeTy YKpaiHu «KuiBChbKMM MOMITEXHIYHUNA 1HCTUTYT iMeH1 Irops
CikopchbKOTO», 3a paxXyHOK HOBUX CHOCO01B, MPUIOMIB, aJITOPUTMIB 1 MOJeNIeH
MOAYJBbHO-TE€OMETPUYHOTO MIIXOTY.

Byno po3riasiHyTo KOHKpPETHI MPUKIIAIU, K1 UTFOCTPYIOTh JaHi MHATaHHS.
30KkpeMa, CTOCOBHO MEXAHIYHOTO OOpOOJISIHHS JeTalied Ta BUKOHAHHS
CKJIaJIaJIbHUX Omepaliii. 3a1HCHEHO HEOOX1IHI y3araJIbHEHHS IUISIXOM IOJIaHHS
HampalpboBaHOI  KOHUenuli opradizamii  rpadiuaux migcucreM  CAIIP
MalmMHOOYAyBaHHS y BUIJIAJII BIAMOBIIHUX YHIBEPCAIBHUX Ta CIIELiaII30BaHUX
KOMIUTIEKCHUX T€OMETPUYHUX MOJTYJIB.

OxpeciieHa y CTaTTi HAyKOBO-TIpUKIAJHA TEMaTHKa IMOTpeOye CBOTO
MOJIJIBIIIOTO HAJIEKHOTO SK TEOPETUYHOTO OIPAIfOBaHHS, TaK 1 HIMPOKOTO
BIIPOBA/HKCHHS Ha MPAKTHII.
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MODULAR-GEOMETRIC APPROACH IN AUTOMATED DESIGN OF
MECHANICAL ENGINEERING PRODUCTS

Mechanical engineering is one of the basic branches of world industry. The
formation of our state as a component of the community of European countries is
closely related to it. Therefore, the further development of mechanical
engineering by making appropriate improvements to it is quite relevant. A
generally recognized direction for improving product quality is computer-aided
design, which is quite common in the specified field of activity. This is evidenced
by the widespread use of various CAD/CAM/CAE/PDM (Computer-Aided
Design/Computer-Aided Manufacturing/Computer-Aided Engineering/Product
Data Management) computer systems. Without the latter, it is almost impossible
to create world-class technical facilities. This is due to the fact that the specified
means make it possible to significantly shorten the design time of products,
increase their quality, and reduce manufacturing and operating costs.

It is known that geometric modeling is a fundamental component for the
creation of many types of industrial products and is an integral element of many
modern CAD systems, i.e. automated design systems. Consequently, the
corresponding characteristics of the created technical objects significantly
depend on the perfection of computer shaping. There are many scientific and
methodological approaches to its effective practical implementation. One of them
is the methodology of structural-parametric geometric modeling proposed by the
scientific school of applied geometry of the National Technical University of
Ukraine "lhor Sikorskyi Kyiv Polytechnic Institute".

A progressive direction in mechanical engineering is a modular approach,
which is used during the design, manufacture and operation of technical objects.
Many issues at different stages of the life cycle are closely related to the geometric
parameters of products. Therefore, the scientific and applied task of developing
appropriate tools for computer shaping is relevant. This publication is aimed at
defining a strategy for solving the described problem. The concept presented in it
is based on the principles of structural-parametric methodology.

Key words: automated design; geometric modeling; computer information

technologies; mechanical engineering; modular approach; structural-parametric
methodology.
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