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1. Inceprariist Ha 3000YTTSI HAYKOBOTO CTyIIeHs fokTopa ¢inocodii ranysi 3HaHb 13 — MexaHiyHa iHXeHepis 3a
crienianbHicTio 131 “TIpukyanHa mexanika” - HaljjoHanbHUM TexHIYHUN YHiBepcuTeT YKpainu “KuiBcbkuit
noJliTexHiyHui iHcTUTYT iMeHi Irops Cikopcbkoro” MOH Vkpainu, Kuis, 2025. [lucepTatis IpUCBsiYeHa
IOCJIiIKeHHIO CIIOCO0IB MiBUILIEHHS IPOAYKTUBHOCTI ITPOLECiB MJIaCTUIHOrO (POPMOYTBOPEHHS 3i cTasii
BiceCMMeTpUYHMX BUPOOIB i3 3MiHHOIO TOBIMHOIO CTiHKM, BUKOPHUCTOBYIOUYM CIIOCI0 rapsidoro BUTSTYBAHHS 3
IIOTOHILIEHHSIM, /171 3MEHIUIEHHSI KiJIbKOCTi NepexX0liB BUTSTYBAHHS 3 IOTOHLIEHHSM IIPY iX BUTOTOBJIEHI, & TAKOX
TOCJIiIPKEHHIO CIIOCO6iB 3MEHIIEHHS BUTPAT MeTajy [IpY BUTOTOBJIEHHI BKa3aHUX BUPOOiB. [IpoBeneHO aHami3

JliTepaTypHUX JPKEPeJI [10 iCHYI0UHX TEXHOJIOTISX MJIACTUYHOro (POPMOYTBOPEHHS! BUPOOIB 31 3MiHHOIO TOBIIMHOIO



cTiHky. TexHosorii BKIII04aoTh B cebe ornepaltlii raps4oro 0CaiKyBaHHS i TOAAIbIIOr0 3BOPOTHOTO BUJIABIIIOBAHHS 3
PO311a40I0 IOPOKHUCTUX HarliB(pabprKaTiB, BUTIATYBaHHS 3 [IOTOHIIEHHSIM Ta KiHLIEBY ollepallito 06THUCKy. Briepiue
BUKOPUCTOBYIOUM METOJ, CKIHYEHHUX €JIEMEHTIB IIPOBEIEHO PO3PaxyHKOBUH aHaJli3 IIepPeX0iB raps4oro
0CaPKyBaHHSI Ta NIOJAJbIIOTO 3BOPOTHOTO BUABIIOBAHHS KPYIJIMX TOPOKHUCTUX HaMiB(paObpUKATiB i3 3arOTOBKU
KBaJIPaTHOTO Ilepepisy 3 MaJoBYIJIeLeBOi cTaji. [Ijs NpOeKTyBaHHSI POO0YOro iHCTPYMEHTY IIPOaHali30BaHO
PO3M0/1iJl HOpPMAJIbHUX HAIPYKEHb Ha KOHTAKTYIOYMX [TOBEPXHSX HalliBpabpukaTy 3 feOpMyOYUM iHCTPYMEHTOM.
BcraHoBJI€HO TeMIepaTypy NiAirpisy 1e@opMyrodoro iHCTpyMEHTY Ta MIBUAKICTb Je(pOpMyBaHHS, sIKi
3a6e31euyIoTh IJIaCTUYHE (POPMOYTBOPEHHSI B YMOBax raps4oi gegopmaltlii. BU3HaueHO I0YaTKOBY TEMIIEPATYPY
HarpiBy 3aroTOBOK i TeMIIepaTypHUI PO3MOii B HUX B KiHIIi rTpoujecy negopMyBaHHs. BuzHaueHO eHepro-cusosi
pexxumu 1eOpPMYBaHHS i 3yCUILIS BUIy4EHHS 4,e(OPMOBAHUX 3arOTOBOK i3 IITAMIIIB, PO3MOIiIA MUTOMUX 3yCUJIb
Ha IIyaHCOHAX, MaTPULISIX i BUIITOBXyBadax. BCTAaHOBJIEHO KiHLEBi (pOpMHU Ta po3Mipu HaniBpabpUKATIB 3
po3MoisaMy Hallpy>KeHs i gedopmaliiil. BusiBieHo, 110 3BOPOTHE BUJABJIIOBAHHS 3arOTOBOK KBAaJPATHOTO Mepepisy
6€3 ronepeaHbOro 0CaIPKyBaHHS KyTOBUX 30H IIPU3BOJUTE 10 POPMOYTBOPEHHS BUCTYIIB HA BEPXHbOMY TOPIi
IIOPOKHMCTOTO BUPOOY, 1110 HETaTUBHO BIJIMBA€ Ha MOJAJIbIII onlepalii BUTSITyBaHHS 3 IOTOHLIEHHSIM, 4 BBEIEHHS
IOJATKOBOI olepallii TOpLUIOBaHHS BUCTYIIB NIPU3BEe 0O 3HAYHUX BUTPAT METAJTY Y BilIXifl, IO € HEIPUIIYCTUMUM Y
MacOBOMY BUPOOHMITBI. 32 JOIIOMOTOI0 aHaJIi3y PO3IOAiNy iHTeHCUBHOCTI AedopMalliil TOPiBHIHO XapaKTep
IIPOIIPALIOBaHHS CTPYKTYPY MaTepiajy [OHHOI YaCTMHU HaniB()abpUKaTiB MicJisl rapsii0ro 3BOPOTHOTO
BUJIABJIIOBAHHS 3aTOTOBOK KPYIJIOTO Ta KBaIPATHOrO NepepiziB. BUKoprCTaHHS KBaJpPaTHOI 3arOTOBKY 3abe3rnedye
OiblI iHTEHCUBHE NIPONPALIIOBAHHS CTPYKTYpY METaJly IJIACTUYHOIO AedopMallielo y JOHHUX YaCTUHAX i CTiHKax
BUPOOIB. 3 BUKOPUCTAaHHSIM METOJly CKiHY€HHUX €JIEMEeHTIB IPOBeIeHO PO3PaxyHKOBUI aHali3 10JabIINuX
Iepexo/liB ITaMITyBaHHS HaniBpabpUKaTiB MicJs onepalii 3BOpOTHOrO BUJIABJIIOBAHHS, @ CaMe Tapsyoro Ta
XOJIOJHOTO BUTATYBAHHS 3 IOTOHLIEHHSIM 3 OTPMMAaHHSIM HaniB(pabpuKaTiB OTPi6HOI (popMU 17151 BUKOHAHHS
KiHI[€BOTO Mepexoy OOTUCKY 3 HEOOXiIHUM IPOMPAIIOBAHHIM CTPYKTYPHU MeTajly IVIACTUYHOIO IedopMaliiero Ta
IOCATHEHHSM 33JIaHMX MEXaHIYHUX BJIACTUBOCTEN 110 BUCOTI CTIHKY TijIb3U 1 MiffOHy. BCTAaHOBIEHO 3aJ1€5KHOCTI
3yCHUJIb BUTATYBaHHS Bifl IepeMillleHb IIyaHCOHIB, (pOpMHU i po3mipu HaniBpaObpUKaTiB MiCsIsl BUTSATYBAHHS Ta
PO3M0iNY iHTEHCUBHOCTI AedopMalliil 17151 OLiHKY NPONPALIIOBAHHS CTPYKTYPU MeTay MIaCTUYHOIO
nedopmariiero. BusHaueHo HEOOXiHICTb Iepexoy BUPiBHIOBAHHS JOHHOI YaCTUHU (POPMOYTBOPEHHS
HaniB(abpuKary rinbp3y Micss onepaii raps4oro BUTIATYBaHHS 3 IOTOHIIEHHSIM Yepes [iBi MOCiIOBHO pO3TalllOBaHi
MaTpHulli, OCKiJIbKM BHACJIiOK Ie(OPMYBaHHS BilOyBa€TbCSI BUKPUBJIEHHS IHA HA 30BHI, 10 HE 1a€ 3MOTU
BCTaHOBUTY OTPMMaHUI HamniB)abpukaT B pobouy 30Hy MaTpULli AJ11 BUKOHAHHS Omepalii X0J04HOr0 BUTATYBaHHS
3 IOTOHUIEHHSIM. Briepie npoBeieHO MOIEIIOBAaHHSI METOOM CKiHYEHHUX €JIEMEHTIB IIPOLECiB KiHLIEBOTO
nepexonly O6THUCKY 3 OGHOYACHUM OCAIKYBaHHSIM (JIaHLiB HAa IOHHIN YaCTHHI 3arOTOBOK TiJIb3U 3 ypaXyBaHHSIM
HaKoNM4YeHUX Aedopmalliil B HarniB(abprKaTax MicJisg BUTATYBAHHS 3 IOTOHIIEHHSIM. BCTaHOBJIEHO 3yCUILIIS
IepopMyBaHHS, PO3NOiNM iIHTEHCMBHOCTI fedopmaliii Ta KiHleBi GopMu i po3Mipy 3aroTOBKY rinb3u. JloBeLeHO,
110 i3 BUCTYILY Ha JOHHIN YaCTHHI, KUl 6ys10 cGOPMOBAHO IIpY NI€PEXO0]li rapsia0ro 3B0POTHOIO BUABJIIOBAHHS
MOXJIMBO OTpUMAaTH (JlaHelb HeoOXinHOoi ¢popmu Ta po3MipiB. [j1s1 HOCTiI)KeHUX NepexomiB OPMOYTBOPEHHS
niamoHy 6yJs10 po3po6JIeHO Ta CIIPOEKTOBAHO KOHCTPYKIi IITaMIIiB, 5IKi 326€311e4yI0Tb OTPUMAaHHS HEOOXiTHUX
¢opm Ta poamipiB HaniBpabpukaris.

2. Dissertation for the degree of Doctor of Philosophy in the field of knowledge 13 - Mechanical Engineering in the
specialty 131 “Applied Mechanics” - National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute” MES of Ukraine, Kyiv, 2025. The dissertation is devoted to the study of methods for increasing the
productivity of processes of plastic forming of steel of axisymmetric products with variable wall thickness, using
the method of hot drawing with thinning, to reduce the number of transitions of drawing with thinning during
their manufacture, as well as the study of methods for reducing metal consumption in the manufacture of these
products. An analysis of literary sources on existing technologies of plastic forming of products with variable wall
thickness was conducted. The technologies include operations of hot deposition and subsequent reverse extrusion
with the distribution of hollow semi-finished products, drawing with thinning and the final crimping operation. For
the first time, using the finite element method, a computational analysis of the transitions of hot deposition and



subsequent reverse extrusion of round hollow semi-finished products from a square-section billet made of low-
carbon steel was carried out. To design the working tool, the distribution of normal stresses on the contacting
surfaces of the semi-finished product with the deforming tool was analyzed. The heating temperature of the
deforming tool and the deformation rate were established, which ensure plastic shaping under hot deformation
conditions. The initial heating temperature of the billets and the temperature distribution in them at the end of the
deformation process were determined. The energy-force modes of deformation and the forces for removing
deformed billets from dies were determined, the distributions of specific forces on punches, dies and ejectors were
determined. The final shapes and dimensions of the semi-finished products with the distributions of stresses and
strains were established. It was found that the reverse extrusion of square-section blanks without prior deposition
of corner zones leads to the formation of protrusions on the upper end of the hollow product, which negatively
affects subsequent drawing operations with thinning, and the introduction of an additional operation of facing the
protrusions will lead to significant metal waste, which is unacceptable in mass production. Using the analysis of
the distribution of deformation intensity, the nature of the development of the structure of the material of the
bottom part of semi-finished products after hot reverse extrusion of round and square-section blanks was
compared. The use of a square blank provides a more intensive development of the metal structure by plastic
deformation in the bottom parts and walls of the products. Using the finite element method, a computational
analysis of further transitions of stamping semi-finished products after the reverse extrusion operation, namely
hot and cold drawing with thinning, was carried out to obtain semi-finished products of the desired shape for
performing the final crimping transition with the necessary development of the metal structure by plastic
deformation and achieving the specified mechanical properties along the height of the sleeve wall and pallet. The
dependences of the drawing forces on the displacements of the punches, the shapes and dimensions of the semi-
finished products after drawing, and the distribution of the intensity of deformations were established to assess
the development of the metal structure by plastic deformation. The need for a transition to align the bottom part
of the sleeve semi-finished product after the hot drawing with thinning operation through two consecutively
arranged matrices was determined, since as a result of deformation, the bottom is curved outward, which does not
allow installing the obtained semi-finished product in the working zone of the matrix for performing the cold
drawing with thinning operation. For the first time, finite element modeling of the processes of the final crimping
transition with simultaneous deposition of flanges on the bottom part of the sleeve blanks was carried out, taking
into account the accumulated deformations in the semi-finished products after drawing with thinning. The
deformation forces, deformation intensity distributions and final shapes and sizes of the sleeve blank were
established. It was proved that from the protrusion on the bottom part, which was formed during the hot reverse
extrusion transition, it is possible to obtain a flange of the required shape and size. For the studied transitions of
the pallet forming, the designs of dies were developed and designed, which ensure the obtaining of the required
shapes and sizes of the semi-finished products.
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IloBHE HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: TOBaPKCTBO 3 06GMEXEHOIO BiIIOBi nabHICTIO "TeXHIYHMI

yHiBepcureT "MetinBect [losiTexHika"

Kopg 3a €IPIIOY: 43663468

Micue3HaxoaKeHHS: [Tisnenne moce, 6yauHok 80, 3anopixoks, 3anopisbkuii p-H., 69008, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpasiiHHS:

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. CuBak Poman IBaHOBUY

2. Roman I. Syvak

KBasigikanis: 1. 1. u., npodecop, 05.03.05

ImenTudikarop ORCID ID: 0000-0002-7459-2585

JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: BiHHMIILKMII HAlliOHA/IbHUT arpapHUil YHiBEpCUTET
Kopg 3a €IPIIOY: 00497236

Micue3HaxoaKeHHS: ByJ1. CoHstuHa, 6yz. 3, Binaungs, BinHnupkuii p-H., 21008, Ykpaina

dopma ByTacHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. bopuc Pycnan CrenaHoBu4

2. Ruslan S. Borys

KBasigikanis: . . 1., gow., 05.03.05
Imentudikarop ORCID ID: 0000-0002-4098-1013
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByTacHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aThKOBI:
1. Xonasik Ouibra BitaniiBHa

2. Olga V. Holyavik

KBasigikanis: . . 1., gou., 05.03.05
InenTudgikarop ORCID ID: 0000-0001-6539-4467
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcpkoro”



Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHH: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

VIII. 3aKkJIl04Hi BiZOMOCTi
ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI

TOJIOBH pagu

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI

rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIIBHOCTI

TiToB BsuecnaB AHnpifioBUY

Tiros Bauecnas AHLIpiiOBUY

Cutnuk Cranicnas BomoguMuposny

VKpIHTEI

[Opuenko TersHa AHaTosiiBHA



