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2. Substantiation of mass, kinematic and dynamic characteristics of critical parameters of complex moving objects.

Pedepar:

1. BukopucTaHHSI MOJe/I0OBaHHS KiHeMaTUYHOI Ta AUHAMIYHOI NOBEIiHKYU 6araTo-TiJIbHUX i 6araTo-MacOBUX CUCTEM
IO3BOJISIE: YHUKHYTHA KPUTUYHUX TIOMUJIOK BK€ Ha PAHHIX eTanax NPOeKTyBaHHS i TAKUM YMHOM 3HU3UTH BapTiCThb
PO3pOOKU BUPOHIB Ta BMEHIIUTH KiJIbKiCTh (i3MUYHUX IIPOTOTHUIIIB, IO CTBOPIOIOTHCS, BU3HAYATY MACOBI i TUHaMIiYHI
XapaKTepPUCTUKU CKJIaTHUX PYXOMUX OO'€EKTIB Ta MiIBUIIUTHA TOYHICTh PO3PAaXyHKIiB [IapaMeTpPiB pyxy CUCTEMU 3
ypaxyBaHHSM 3MiHHUX NTapaMeTpiB ii 06’eMHOI reomeTpuYHOI KOHirypatiii, [0 € aKTyaJbHUM HAyKOBO-TEXHIUHUM
3aBJAaHHSM. BupilieHHs1 HAyKOBUX 3aBJlaHb, SIKi IOJIATAIOTh Y BIIPOBaI)K€HHi iHPOpMaLiiHUX TEXHOJIOTIN AJ1s
MigTPUMKU Ta IPUNHATTS PillleHb P CUHTE3i CKIIAIHUX TEXHOJIOTIYHUX CUCTEM 3 BpaxyBaHHSIM IIPOCTOPOBOI
reoMeTpii KOMIIOHEHTIB € aKTyaJIbHUM 3aBIAHHSIM JJ151 Pi3HUX rajly3eil HapoJHOro rocrnogapcTaa. 3afadi aHanisy
KiHEMaTHKHU Ta JAHAMiK1 6araTo-MacoBUX i 0araTo-TiJIbHUX CUCTEM € OOHUM i3 KJIaCUYHUX HAIPSIMKIB Y rajysi
npukIagHoi MexaHiku. [Ipy MogesioBaHHI AMHAMIKY 6araTo-MacoBUX CUCTEM 3aCTOCOBYETHCSI METO/, KiHLIEBUX

€JIEMEHTIB, 110 JO3BOJISIE NOCIIKYBATU KOHLETILIIO BCi€l CUCTEMU Ta OLIHUTH ii JUHAMIYHUI BiATYK y JIiHINAHIN,



HeJIiHiNHIN nocTtaHoBKax. OCO6IMBOCTI IOBEIHKM MOXKYTb OyTH 30epeskeHi i nepenaHi, sk BxigHi nani B MKE-anani3
L7151 BAKOPUCTAHHS B SIKOCTI IMHAMIUYHMX HaBaHTaKeHb, 110 326€31eYUTh PO3yMiHHS (PYHKIIOHYBaHHSI CUCTEMU B
6inbil feTasbHOMY BUTJISiAL. Po3pobiieHHs cyyacHuX iHpOpMaLifHUX CUCTEM [1J1s1 PO3B'SI3aHHSI 3314 CUHTE3Y
ONTHUMAJIbHUX KOHPIrypauiil CKIalHUX IPOCTOPOBUX 00 €KTIB OTpedye NOOYL0BU MaTeMaTUYHUX MOZesIel B
aBTOMAaTUYHOMY peskuMi. [Ipu oMy MpoIec KOMITIOTEPHOTO MOJIEJIIOBaHHS 3 YPaXyBaHHSM I1I€PETBOPEHHS
reoMeTpuyHOi iHpopmalii Ta Bisyasizalii oTpuMaHuX pillleHb Mae TBOPYMI XapaKkTep i € OIHUM i3 Hail6inbuI
CKJIQJJHVIX i BIATIOBINAJILHUX €TalliB [IPY NPOEKTYBaHHi. OTpruMasa oJaabnil PO3BUTOK METO0JIOTiS BU3HAYEHHS
MAaCOBHX Ta JUHAMIYHMX XapaKTE€PUCTUK CKIAIHUX 00epTalbHUX 06'EKTIB 3 ypaXyBaHHSIM 3MiHHUX MapaMeTPiB
006'eMHOI reomeTpru4HOi KOHQIrypatii, a came clierjaJlbHUX TOKApPHUX [TPUCTPOIB, OOPLITAHT Ta KOJIIHYACTUX BaJliB 3
pO3TallyBaHHSIM JOaTKOBUX €JIEMEHTIB, Ki 3MiHIOIOTb Bary 00’eKTa Ta KOOPIUHATY LIEHTPY Bary, 110 4O3BOJIUIIO
[IPOBOJUATHU CTaTUYHE 6AJIaHCYBAaHHS B [IPOLECi IPOEKTYBAHHS Ta 3MEHIIUTH KiJIbKiCTh HATyPHUX JOCJIiIKEHb,
3aCTOCOBYIOUM OPUTiHAJIBHUI MaKpOC, CTBOpeHuil y cepenoBui SolidWorks, 3MeHImInTY 94ac BUKOHAHHS OIlepawin
Biz, 7 1o 15 pasiB y oenHaHHI 3i 3HIKEHHSIM IIOXUOOK 10 piBHS Hk4e 1 %, 1110 € epeKTUBHUM 3aCOO0M
aBTOMAaTu3alii ilkeHepHUX PO3PaxyHKiB i MOJle/II0BaHHS. ¥ NOCiIPKEHHSIX MOJEIOBAHHS PYXy CKJIaHUX 6araTo-
MacCOBUX 00’€KTiB OTpUMaJa IOJAJbIINN PO3BUTOK METOIOJIOTiSI BUBHAYEHHS MacH Ta KOOPAWHAT LIEHTPY Baru
KOJIICHOTO TPaHCIIOPTY i3 ypaxyBaHHSM BUAY Ta MacH BaHTaXYy i HOTO po3TallyBaHHs, MaKCUMAaJIbHO HAOJIMKEHNUX
IO peaJIbHOI ix KOHirypatii, o gaso MOXIUBICTb POOUTH 6i/lbLl YTOUHEH] PO3paxyHKU KPUTUYHUX ITapaMeTPiB
PYXy KOJIICHOTO TPAHCIOPTY 1O CKJIJIHAX TPAEKTOPIisIX, @ HAsSIBHICTb BAHTAXY B Ky30Bi, 0COGJIMBO
BEJIMKOTrabapUTHOrO, 30iJbIlly€e BUCOTY LIEHTPY Baru, 3HWKYIOUM TUM CaMUM CTiliKicTb Ha 10%. OTpumMaHo
[OIA/IBIINI PO3BUTOK 3aCTOCYBaHHS iHpopmauiiiHux TexHosoriit SolidWorks asis nigTpumky Ta NpUitHATTS pillleHb
Ha MAIIMHOOYAIBHUX MiJIIPMEMCTBAX [IPY ITPOEKTYBAHHI Ta aHaJi31 PyXy CKJIaJJHUX TEXHIYHUX CUCTEM 3
ypaxyBaHHSM IPOCTOPOBOi GOPMU CKIIATOBUX 00'€KTIB Ta ypaxyBaHHSIM 3MiHHUX [1apaMeTPiB 06'€MHOI
reoMeTpUYHOI KOHQIrypaliii, 10 JO3BOJIMIIO NOCATaTU TOUHICTh 6ajlaHCyBaHHS y Mexax Bif 0,05 o 0,08 MM mipu
MaKCHMMaJIbHUX 00epTax JOCJiI)KyBaHOTO BUPOOY Ta 3MEHIIUTY Yac Ha IPOBEJEHHS I0AATKOBUX €KCIIEPUMEHTIB.
PesynbTaT BUKOHAHMX TEOPETUYHUX i €KCIIEPUMEHTAJIbHUX JOCJIiIKEHDb Peasli30BaHi y HOBOMY TEXHIYHOMY
pilleHHi — MeTO0I0rii BUBHAUYEHHSI MACOBUX 1 JUHAMIYHMX XapaKTEPUCTUK CKIAHUX PyXOMHUX O0'€KTIB, 110
3axXUIIEeHO CBiIOLTBAaMU IIPO peecTpalLlilo aBTopcbKoro mpasa N2 130453 ta N¢ 130457. Pe3ynbTaTu BUKOHAHUX
IOCTIiIKEHb Ta OKpeMi TeOpETUYHI MOJIOKEHHS! TPUNHATO 10 BripoBamkeHHs Ha [1I1 «Pe3oHaHc —Tlnact» M.
XMeNnbHULIbKUH Ta Y XMEIbHULILKOMY HayKOBO-IOCIiAHOMY €KCIIEPTHO-KPUMiHANMiCTUYHOMY LieHTpi. TeopeTuyHi
Ta IPaKTU4Hi pe3ysbTaTy, OTPUMAaHI B AUCEPTALiHHOMY OCJiIKEHH], BIPOBAI)KEHi Y HAaBYaJIbLHUH MPOLEC
Kadenpy TeXHOJOril MaHOOYAyBaHHS XMEJIbHUIPKOTO HAallilOHaIbHOTO YHIBEPCUTETY IIPY BUKJIAJAHHI TUCLUILIIIH

«TexHosorig MamMHOOYAyBaHH» Ta «T€XHOJIOTIYHI METOM 3a6€311€YEHHS KOCTi BUDOOIB».

2. The use of modeling of kinematic and dynamic behavior of multi-body and multi-mass systems allows: to avoid
critical errors at the early stages of design and thus reduce the cost of product development and reduce the
number of physical prototypes created, to determine the mass and dynamic characteristics of complex moving
objects and increase the accuracy of calculations of the system's motion parameters taking into account the
variable parameters of its volumetric geometric configuration, which is a relevant scientific and technical task.
Solving scientific tasks that consist in implementing information technologies to support and make decisions
during the synthesis of complex technological systems taking into account the spatial geometry of components is a
relevant task for various sectors of the national economy. The tasks of analyzing the kinematics and dynamics of
multi-mass and multi-body systems are one of the classical directions in the field of applied mechanics. When
modeling the dynamics of multi-mass systems, the finite element method is used, which allows you to explore the
concept of the entire system and evaluate its dynamic response in linear and nonlinear settings. Behavioral
features can be stored and transferred as input data to FEM analysis for use as dynamic loads, which will provide a
more detailed understanding of the system's functioning. The development of modern information systems for
solving problems of synthesizing optimal configurations of complex spatial objects requires the construction of
mathematical models in automatic mode. At the same time, the process of computer modeling, taking into account
the transformation of geometric information and visualization of the obtained solutions, has a creative nature and



is one of the most complex and responsible stages in design. The methodology for determining the mass and
dynamic characteristics of complex rotating objects has been further developed, taking into account variable
parameters of the volumetric geometric configuration, namely special turning devices, boring bars and crankshafts
with the location of additional elements that change the weight of the object and the coordinates of the center of
gravity, which made it possible to carry out static balancing during the design process and reduce the number of
field studies, using the original macro created in the SolidWorks environment, reduce the time for performing
operations from 7 to 15 times in combination with reducing errors to a level below 1%, which is an effective means
of automating engineering calculations and modeling. In studies of the modeling of the movement of complex
multi-mass objects, the methodology for determining the mass and coordinates of the center of gravity of wheeled
vehicles has been further developed, taking into account the type and mass of the cargo and its location, as close
as possible to their real configuration, which made it possible to make more accurate calculations of the critical
parameters of the movement of wheeled vehicles along complex trajectories, and the presence of cargo in the
body, especially large-sized cargo, increases the height of the center of gravity, thereby reducing stability by 10%.
Further development of the application of SolidWorks information technology for supporting and making decisions
at machine-building enterprises in the design and analysis of the movement of complex technical systems, taking
into account the spatial shape of the constituent objects and taking into account the variable parameters of the
volumetric geometric configuration, which made it possible to achieve balancing accuracy in the range from 0.05
to 0.08 mm at maximum speeds of the product under study and reduce the time for conducting additional
experiments. The results of the theoretical and experimental research have been implemented in a new technical
solution - a methodology for determining the mass and dynamic characteristics of complex moving objects, which
is protected by copyright registration certificates No. 130453 and No. 130457. The results of the research and
individual theoretical provisions have been adopted for implementation at the Private Enterprise "Rezonans-Plast"
in Khmelnytskyi and at the Khmelnytskyi Scientific and Research Expert and Forensic Center. The theoretical and
practical results obtained in the dissertation research have been implemented in the educational process of the
Department of Mechanical Engineering Technology of Khmelnytskyi National University when teaching the
disciplines "Mechanical Engineering Technology" and "Technological Methods for Ensuring Product Quality".
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