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1. CTBOpEHHSI Cy4yaCHOTO BUCOKOE(DEKTUBHOIO rajITyBaJIbHOTrO 00J1affHAaHHS 3 Pi3HUM (PYHKLiOHATIbHAM
[IPM3HAYEHHSIM € HEOOXiZHOI0 YMOBOIO IIPOTPECHUBHOIO PO3BUTKY Pi3HUX rayy3eil IpOMUCIOBOCT] YKpaiHu
(MamuHO6YyBaHHS, J€rka, papMalleBTUYHA, XiMiuHa IPOMUCIIOBICTb TOWO). KOHKypEeHTO3aTHICTbh MPOAYKILLii
3HAYHOIO MipOIO TaKOX 3aJIEXKUATD Bifl €PEKTUBHOCTI Ta NPOAYKTUBHOCTI BUKOHAHH (PiHIIIHOI 06pOOKY AeTanei
micsis ix pOpMOYTBOPEHHS. Y JIETKill IPOMMCIIOBOCTI IIMPOKO BUKOPUCTOBYIOTbCS IPiOHI TUIOBI eTali, IKiCTb SIKUX
BU3HAYA€ETbCS OPTraHOJIENITUIHAM METO/IOM, 8 POPMOYTBOPEHHS IKUX MOXKE Peasli3yBaTUCS LJIIXOM JIUTTS abo
LIJIIXOM M€XaHiuHOi 06p00KM 4M TaMIyBaHHS. Yci Li feTasti nicjst popMOyTBOPEHHS NOTPEOYIOTh BUKOHAHHS
TPYAOEMHUX (QiHIIHUX rajJTyBaJbHUX TEXHOJIOTIYHUX ONEPaLliil, CyThb SIKMX 3aKJIIOYAETHCS Y 06'€MHi1 06po61Li
TEXHOJIOTIYHUM cepefoBuileM. Ha inimHi rasTyBasnpHi TexHOIOTiYHI onepatii iHoai BuTpavaersest 1o 80%
3arajibHOTO TEXHOJIOTIYHOrO Yacy. Y nepeBaxkHil 6i1b1IOCTi, 1151 peanisalii Takux TeXHOJIOTIYHUX ollepalliit
BHMKOPHMCTOBYIOTb TrajITyBajbHi 06€pTOBi 6apabaHu abo BibpaliliHe 061aiHaHHS, SKi XapaKTePU3YIOThCSI HU3bKOIO
IIPOJYKTUBHICTIO BUKOHAHHS TEXHOJIOTTYHUX onepauiil. [TinsuieHHs e(peKTUBHOCTI 0OpOOKM NPU BUKOHAHHI
diHIHYX rajTyBaJbHUX TEXHOJIOTTYHUX OIlepaliili MOXKHA IOCSTHYTH i3 BUKOPUCTAHHSM rajITyBajbHOTO
0671aiHaHHS 3 POOOYUMU EMHOCTSIMHY, SIKi BUKOHYIOTb CKJIQ[IHUI IPOCTOPOBUM PyX. BUKOHAHO CUHTE3
palioHaJbHUX CTATUYHO BU3HAYEHUX [IPOCTOPOBUX MEXAHI3MiB MallMH 11711 06POOKHU AeTajel 3 Pi3HNMU
KOHCTPYKTUBHUMU 0COOIMBOCTSIMU. Po3po6ieHo yHiikoBaHi BUMOTM Ta MifAX0IU MOA0 CUHTE3y CTATUYHO
BM3HAUYE€HMX [IPOCTOPOBUX MEXaHi3MiB 6€3 [1aCUBHOTO 3B's13KY rajITyBaJlbHOI MAIIMHU 3i CKJIaJJHUM [IPOCTOPOBUM
PYXOM po6040i EMHOCTI. 3[iiICHEHO aHAJIITUYHE JOCIiI)KEHHS FTEOMETPUYHUX Ta KOHCTPYKTUBHUX I1apaMeTPiB yCix
CHMHTE€30BaHUX CTATUYHO BU3HAYEHUX IPOCTOPOBUX MeXaHi3MiB. PO3p06s1eHO 3arasbHi MiiXoau KOMILIEKCHOTO
AQHAJIITUYHOTO NOCIIIPKEHHSI CHHT€30BAHUX CTATUYHO BU3HAYEHUX IIPOCTOPOBUX MEXAHi3MIB 3 TOUKH 30py
PO3PaxyHKY ix FEOMETPUYHUX Ta KOHCTPYKTUBHUX N1apameTpiB. Po3pobsieHo KOHCTPYKIii TPUBOAIB, sIKi
3a6e3IevyIoTh epefady 00epTajJbHOrO Pyxy Ha BeAy4unil Bajl MAlIMHY, SIKWI OJJHOYACHO BUKOHYE 10JAaTKOBE
3BOPOTHO-TIOCTYIAJIbHE TIEPEMIllleHHS, CHHTE30BaHO MIAPHIPHi CKJIa0Bi X NPUBOJIiB. BUKOHaHI CUJIOBI
JOCJIiIPKEHHS PO3PO06JIEHNX KOHCTPYKLIil rajTyBaJbHUX MALIVH 3i CKJIaJHAUM IIPOCTOPOBUM PYXOM POOOYMX
€MHOCTEH 6€3 NaCUBHUX 3BSI3KiB y iX KIHEMaTUYHUX JIQHIIOrax, OTPMMaHi rpadivHi 3aKOHOMIPHOCTI MaKCMMAaJIbHUX
3HAQYEHb PEAKLiN B yCiX KIHEMAaTUYHYX [1apax rajaTyBaJIbHMUX MALIVH B 3aJI€3KHOCTI Bif, 3MiHU BillIOBiHUX
reOMEeTPUYHUX I1apaMeTPiB PyXOMUX JIAHOK. BIiepilie BUKOHAHi aHaJIiTUYHI Ta €KCIIEPUMEHTAJIbHI JOCIIIPKEHHS
BiflliJIEHHS] METaJIEBUX JeTajlel Bifl IMBHUKIB (Ha IPUKJIaZi METalIeBUX A€Tajlell 3aMKa «OJIMCKaBKa») y
rajaTyBa/IbHIll MalMHi, po604Ya €MHICTb SIKOi BUKOHY€E CKJIQJHUI IPOCTOPOBUIL PyX. BCTaHOB/IEHO B3a€MO3B'SI30K
MiK Maco0 Ta FeOMeTPUYHOI0 (POPMOIO BiIIMBOK, KiJIbKICTIO 3iTKHEHD BiTIJIMBOK 3 TBEP0I0 TTIOBEPXHEIO,
KOHCTPYKTUBHUMU OCOOIMBOCTSIMU IaJITyBaJIbHOI MAllIMHY 3i CKJIAIHUM PYXOM pO0O04Y0i EMHOCTI, BHAUE€HHSSIM
KyTOBOI IIBUAKOCTI B€[Iy4Oro Bajly MallHY, PIBHEM 3alIOBHEHHSI POO0OYOi EMHOCTi pOO0OYMM MAaCHBOM Ta YaCOM,
SIKUM BUTPAYaEThCS HA Peasli3alilo BiiiJIEHHSI METAJIEBUX AETAJIEN BiJl JINBHUKIB. AHAJITUYHUM LIJISIXOM OTPUMAaHi
MaTeMaTU4Hi 3aJIe;KHOCTI 17151 pO3paxyHKy MiHIMasIbHOTO 4acy, sIKWil HeOOXiIHUM 1715 BUKOHAHHS TeXHOJIOTIYHOi
onepatii BifgAiJIeHHS MeTaleBUX geTaylel Bif IMBHUKIB y €MHOCTI, IKa BUKOHYE CKJIAJIHUI ITIPOCTOPOBUI PYX.
ExcrieprMeHTasIbHO AOCTiIXEHO BILIMB PEXXUMIB PyXy po604Oro MacuBy, 06'eMy 3alIOBHEHHSI EMHOCTI, @ TAaKOX
(opmu Ta reOMETPUYHUX [TAPAMETPiB METAJIEBUX BiIJITMBOK 3aMKa «0JIMCKaBKa» Ha iIHTEHCUBHICTD Bifji/IeHHS
MeTaJieBUX JeTajiel Bif, IMBHUKIB. BcTaHOBJIEHO, 1110 HaliHTEHCUBHIlle BifgiieHHs neTajeil Bill JUBHUKIB
BifOyBaeThCs IpU peasizalii BOJOCNAaLHOTO PEXXUMY PyxXy po604Oro MacuBy, IIPU 3alIOBHEHHI POOOYOi EMHOCTI Ha
50% - 75% Bip, ii 3arasibHOrO BiJILHOTO 06’€MYy, a TAKOX, 10 pO3rajykeHa ckiagHa popma BilIMBOK [1OTpedye
3HAYHO OibLIOro Yacy o6po6ku. [IpoayKTHUBHICTb IPU 0OpOOLi MeTaIeBUX JieTalell 3 BUKOPUCTaHHSIM MallvH 3i
CKJIJHUM PYXOM po60u0i eMHOCTi, MOXKe 6yTH B 10 pasiB 6ibL1010 32 MPOAYKTUBHICTb NPy 06po0OLi feTanet 3
BMKOPHMCTAHHSIM TajITyBaJbHUX MAlIAH 3 00epTOBUMU 6apabaHamu. Pe3ysibTaTu AUCepTaLiiiHOI poboTH
BIIPOBAKEHi y BUPOOHUILITBO Ta OCBITHIN IIpoLjec. 30Kpema, TeEXHOJIOTIYHMM [TPOLeC BifiijIeHHSI MeTaleBUX
IeTasneil 3amKa «0JIMCKaBKay Bifl IMBHUKIB i3 BUKOPUCTaHHSIM PO3PO0JIeHOI KOHCTPYKLi raaTyBaabHOI MaIMHY 3i
CKJIJHAM [IPOCTOPOBUAM PYyXOM POOOYOI EMHOCTI IPUIHATO [0 BIIpoBaakeHHs Ha [IpAT «MouHis». Takox
Pe3yJIbTaTU HAyKOBUX JOCJIIIPKEHb BIIPOBAIKEHO Y HaBYaJIbHUI NPOLIEC TPhOX BUILMX HAaBYaJIbHUX 3aKJIATIB —

KuiBCbKOT0 HalliOHAJIBHOTO YHIBEPCUTETY TEXHOJIOTIN Ta JU3aliHy, BiZkKpuTOoro Mi>kHapOJHOTO YHIBEPCUTETY



PO3BUTKY JIIOAUHU «YKpaiHa» Ta GacTiBCbKOT0 aBTOMOGiIbHO-IOPO>KHBOTO TexXHiKymy TCO YkpaiHu.

2. The creation of modern highly efficient felting equipment with different functional purposes is a necessary
condition for the progressive development of various branches of industry in Ukraine (engineering, light,
pharmaceutical, chemical industry, etc.). The competitiveness of products also depends to a large extent on the
efficiency and productivity of finishing parts after their molding. In light industry, small typical parts are widely
used, the quality of which is determined by the organoleptic method, and the shaping of which can be realized by
casting or by mechanical processing or stamping. All these parts, after forming, need to perform time-consuming
finishing felting technological operations, the essence of which is volume processing with a technological
environment for the possibility of separation and separation of parts from sprues, burrs, burrs; rounding of sharp
edges; surface grinding and polishing; surface cleaning from corrosion products, etc. Sometimes up to 80% of the
total technological time is spent on the finishing technological operations. In the vast majority, for the
implementation of such technological operations, rolling rolling drums or vibrating equipment are used, which are
characterized by low performance of technological operations. Increasing the efficiency of processing during the
execution of finishing technological operations of felting can be achieved with the use of felting equipment with
working containers that perform complex spatial movement. The synthesis of rational statically determined spatial
mechanisms of machines for processing parts with various design features has been performed. Unified
requirements and approaches have been developed for the synthesis of statically determined spatial mechanisms
without the passive connection of the rolling machine with the complex spatial movement of the working
container. An analytical study of the geometric and structural parameters of all synthesized statically determined
spatial mechanisms was carried out. Obtained mathematical dependencies for the possibility of rational calculation
of geometric and constructive parameters of spatial mechanisms. General approaches for complex analytical
research of synthesized statically defined spatial mechanisms from the point of view of calculating their geometric
and structural parameters have been developed. Designs of actuators have been developed, which ensure the
transfer of rotary motion to the drive shaft of the machine, which at the same time performs additional
reciprocating movement, the hinged components of these actuators have been synthesized. Strength studies of
the developed designs of felting machines with complex spatial movement of working containers without passive
connections in their kinematic chains were carried out, graphical regularities of the maximum values of reactions
in all kinematic pairs of felting machines depending on the change in the corresponding geometric parameters of
the moving links were obtained. For the first time, analytical and experimental studies of the separation of metal
parts from showerheads (on the example of metal parts of a "zipper" lock) in a rolling machine, the working
capacity of which performs a complex spatial movement, were performed. Mathematical dependencies were
obtained analytically for calculating the minimum time required to perform the technological operation of
separation of metal parts from showerheads in a container that performs complex spatial movement. The
influence of the modes of movement of the working array, the volume of filling the container, as well as the shape
and geometric parameters of the metal castings of the "zipper" lock on the intensity of the separation of the metal
parts from the spouts was experimentally investigated. It has been established that the most intense separation of
parts from the sprues occurs when the waterfall mode of movement of the working mass is implemented, when
the working capacity is filled by 50% - 75% of its total free volume, and also that the branched complex shape of
the castings requires significantly longer processing time. Productivity when processing metal parts using
machines with complex movement of the working capacity can be 10 times higher than the productivity when
processing parts using rolling machines with rotating drums. In particular, the technological process of separating
the metal parts of the "lightning bolt" lock from the showers using the developed design of the rolling machine
with complex spatial movement of the working capacity was accepted for implementation at PrJSC «Molniya».
Also, the results of scientific research were implemented in the educational process of three higher educational
institutions - Kyiv National University of Technology and Design, Open International University of Human
Development «Ukraine» and Fastiv Automobile and Road Technical College TSO of Ukraine.
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IOpuenko T.A.



