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1. Po3paxyHKOBUI METO[], OLiHIOBaHHSI BILJIMBY €JIEKTPOMArHiTHUX I0JIiB Ha IIPY)KHO-IIJIACTUYHE AedOpMyBaHHS

00J1aJHaHHS TEXHOJIOT{YHUX NIPUJIafiB

2. Estimated method for evaluating the effect of electromagnetic fields on elastic-plastic deformation of
equipment of technological devices

Pedepar:

1. O6’eKT mOCiIKeHHS: IPYXHO-IIJIACTUYHE Ae(OpMYyBaHHS €JIEKTPOIIPOBIIHYX Tijl IIpY Aii €JIeKTPOMarHiTHUX
noJ1iB. MeTa JOCiIKeHHS: PO3pOO6Ka HOBOT'O PO3PaXyHKOBOI'O METOY aHasli3y Aii eJIeKTpOMAarHiTHUX MOJIiB Ha
IIPYXHO-TIJIACTUYHE AedOpPMYyBaHHS CKIATEHUX Tijl 3 ypaxyBaHHSIM 3B'$I3aHOCTi MEXaHIYHUX, €JIEKTPOMArHiTHUX Ta
TENJIOBUX IOJIIB, Ta 3aCTOCYBAHHS LIbOTO METOMY [1714 OLIiHIOBAHHS KOHCTPYKIIMHOI MilJTHOCTi €JIEMEHTIB
06J1aTHaHHS TEeXHOJIOTIYHUX MTPUJIATIIB, 110 3HAXOISITHCS T Ai€l0 BUCOKO iHTEHCUBHUX €JIeKTPOMAarHiTHUX MOJIiB.
OCHOBHi TeopeTHnYHi N10JI0KEHHS AUCEPTALiliHOI po60TU 6a3yI0ThCS HA (PYyHAAMEHTAIBHUX MiAX0AaxX Ta
MI0JIOKEHHSX TEPMOJIMHAMIKMA HE3BOPOTHUX MPOLECiB, MAKPOCKOIIYHOI MeXaHiKu 4edOpMyBaHHS TBEpAUX Tijl Ta

€JIEKTPOJMHAaMiKU. PO3paxyHKOBI METOM KiJIbKICHOTO aHai3y, sSKi IPpUIAHSTI B pOOOTI, CKJI1alaloTh KOMILJIEKC



004N CIIIOBATIbHUX METOIB TEOPii MPYKHOCTI, INIACTUYHOCTI, MOJI€JIIOBAHHS €JIEKTPOMArHiTHOTO Ta TEIJIOBOTO MOJIiB
Ha 6a3i MeToy CKiHUeHHUX eJIeMEHTIB, sIBUIla KOHTAKTHOI B3a€MO/Iil BpaxOBYBaJIUCh LIJISIXOM BBEEHHS IapiB
KOHTaKTHUX CKiHU€HHMX €JIEMEHTIB. Y PO6OTi CTBOPEHO PO3PaxyHKOBUI METOZ, 7151 aHaJi3y TEPMO-TIPY>KHO-
IIJIACTUYHOTO Ae(pOpMyBaHHS TiJl IPU [ii €JIEKTPOMArHiTHOTO I10J151; 3alIPOIIOHOBAHO MOJEJIb KOHTAKTHOI B3a€MOJ{i
3 ypaxyBaHHAM €JIEKTPOMArHiTHUX IIPOLECIB Ta MPOLECIB TEIIonepeaadi; 3arporoHOBaHO KOMIIJIEKCHUM Hiaxin 7o
PO3PaxyHKOBUX JOCJIiIPKEHb KOHCTPYKLiMHOI MILJTHOCT] CKJIaJleHUX NPUJIajliB MarHiTHO-iMI1yJIbCHOI 06pO6KY Ta
CKJIaJIEHUX MaTPULb JJ1s1 IPECYBaHHS IIOPOILIKIB TYTOIJIaBKUX CIIOJIYK; CTBOPEHO PO3PaxXyHKOBi CXeMU
TEXHOJIOTIYHUX NPUJIALIB 11 (POPMO3MIHM TOHKUX 3arOTOBOK Ta IIPECYBAHHS IIOPOLIKIB TYTOIIJIABKUX CIIOJYK,
3iMICHEH] pO3PaxXyHKOBI JOCJIII)KEHHS KiJIbKICHUX XapaKTEPUCTHUK €JIEKTPOMATHITHOTO IOJIS1 Ta HANIPY>KEHO-
Ie(pOpMOBAHOTO CTaHy, 10 J03BOJIMJIO OLiHUTU KOHCTPYKUiMHY MilIHICTb NpuyaziB; 31iliCHEH] y3arajbpHIO04i
BMCHOBKM LIOJI0 OLiHOK [Iii €JIEKTPOMAarHiTHOTO I10J151 Ha IPY>KHO-TJIACTUYHE e(pOPMYBAaHHS TEXHOJIOTIYHUX
IIpUJIAJiB Ta 3aTOTOBOK IIPY OKPEMUX OIIE€PALlisIX MarHiTHO-iMIIyJIbCHOI 06pO6KYM MaTepiaiB Ta peKoMeHaii
CTOBHO BUOOPY pallioHaJIbHUX XapaKTePUCTHK eJIeKTPOMArHiTHOTO I10J1s1 Ta KOHCTPYKLIMHUX IapameTpiB [puagis.
HoBu3sHa HayKOBUX pe3yJbTaTiB 00YMOBJIEHA PO3BUTKOM PO3PaxyHKOBUX METOZIB OL[iHIOBaHHS ITPY>KHO-
IIJIACTUYHOTO Ae(POpMyBaHHs 32 YMOB Jii €JIEKTPOMAarHiTHOro M0JIs 3 ypaxyBaHHSIM KOHTAaKTHOI B3a€MOJII Ta
OTPUMAaHHSIM HOBUX JAHUX JJIs1 aHaJIi3y MILIHOCTI eJIeMEeHTiB KOHCTPYKLii TeXHOJIOTIYHOTO O6JIalHAHHSI MarHiTHO-
iMITy/IbCHOI 06pOOKU. B po6OTi HalaHi HOBi TOCTAHOBKY 33/1a4 Ta PO3PaXyHKOBi MOZEJI 11040 aHalizy
Ie(OpMyBaHHS Ha OCHOBi KOMIIJIEKCHOTO BUKOPUCTAHHS MiAXOiB i METOiB TeOpii TepMOINPY>KHO-IIJIACTUYHOCTI,
€JIEKTPOMArHeTM3My Ta TEIUIONepenadi, HOBi yMOBHU 1100 KOHTAKTHOI B3a€EMO/Iii CKIaIeHUX Tl 32 YMOB Aii EMII,
110 [AJI0 MOKJIUBICTb CTBOPUTH METOJ, KiJIbKICHOTO aHajli3y MeXaHiYHUX, TEIJIOBUX Ta €JIEKTPOMAarHiTHUX MPOLECiB
y TEXHOJIOTIYHUX CUCTEMax Pi3HOro Ipu3HaueHHs. Po3po6eHi HOBI (isuKO-MaTeMaTUYHi MOJEJli T2 PO3PaXyHKOBI
CX€MU TEXHOJIOTIYHUX OIlepallill MarHiTHO-iMITyJIbCHOI 06POOKY, CIIPSIMOBAHUX Ha BUINIPABJIEHHS Ae(EeKTiB Ha
IIJIOCKMX 3arOTOBKaX, Ha edOpMyBaHHS KYTOBUX 30H BUTHYTHUX TOHKMX 3arOTOBOK, Ha [IpeCyBaHHS BUPOOIB i3
HarpiTMX MOPOLIKiB TYrOIJIaBKUX CIIOJIYK. Briepiie 3filiCHEHO NOCIIiI)KEHHS PO3IIOiNy KiJIbKiCHUX XapaKTEPUCTUK
€JIEKTPOMAarHiTHOrO I0JIsl, TEMJIOBOTO IOJIS TA HANIPYKEHO-Ae(POPMOBAHOIO CTaHy Y €JIEMEHTaX TEXHOJIOIIYHOTO
006J1a[IHaHHSI MarHITHO-IMITyJIbCHOI 06POOKM, 3pO6JIEHO OLIiHKY BIIMBY 30BHILIHBOTO €JIEKTPOMArHiTHOrO M0JIS Ha
npouecy gedopMyBaHHS, BCTAHOBJIEH] HOBi 3aKOHOMIPHOCTI Y pO3MO/Iijli XapaKTepPUCTUK HAIIPY>KEHO~
Ie(pOpMOBaHOT0 CTaHy Ta TEIJIOBOTO I10JISI B 3aJIEXKHOCTI BiJl €KCIIyaTallilHUX Ta KOHCTPYKLiMHUX [1apaMeTpiB
TEXHOJIOTIYHUX NpoueciB. HayKoBi po3po6KHU Ta NPAaKTUYHI pe3yJIbTaTH AOCIiIKEeHb Oy BUKOPUCTaHi pu
BukoHaHHI H/IP 3 mep>x6iomkeTHOI TeMaTuku Kadbeapu TeOPeTUYHOI MexaHiKy i AuHaMiku Ta MinHocTi mamuH HTY
«XIIl», npu NpoBeJeHHI NOLIYKOBUX HAYKOBO-A0CHiTHNULIBKUX POOIT Ta HaBYaJIbHOTO IIpoliecy Kadenpu
aBTOMOOIIbHOI €JIEKTPOHIKM XapKiBCbKOTO HalliOHAJIbHOTO aBTOMOOIIbHO-JOPOKHBOTO YHIBEPCUTETY, & TAKOX Y
HauionasbHOMyHayKOBOMY LI€HTPi «XapKiBCcbKuil Qisuko-TexHiyHui inctutyT» HAH YKpainu npu Bukonanni HIP
3a JlepKaBHOIO Iporpamoto. Pe3ysibTaTul fucepTaliiiHoi po60TH MOXXYTh BUKOPUCTOBYBAaTUCH HA MiATIPUEMCTBAX
MaIMHOOYiBHOI raysi.

2. Object of research: elastic-plastic deforming of electrically conductive bodies under the action of
electromagnetic fields. The purpose of the study: development of a new estimated method for analyzing the action
of electromagnetic fields on the elastic-plastic deforming of composed bodies taking into account the
interconnectedness of mechanical, electromagnetic and thermal fields, and applying this method to assess the
structural strength of equipment of technological devices under high intensity electromagnetic fields. The main
theoretical provisions of the dissertation are based on the fundamental approaches and provisions of
thermodynamics of irreversible processes, macroscopic mechanics of deforming of solids and electrodynamics.
Computational methods of quantitative analysis, which are accepted in the work, are a set of computational
methods of the theory of elasticity, plasticity, modeling of electromagnetic and thermal fields based on the finite
element method, contact interaction phenomena were taken into account by introducing layers of contact finite
elements. In the dissertation the calculation method for the analysis of thermo-elastic-plastic deforming of bodies
under the action of an electromagnetic field is created; the model of contact interaction taking into account
electromagnetic processes and heat transfer processes is offered; a comprehensive approach to the calculated



studies of the structural strength of composed magnetic-pulse processing devices and composed dies for pressing
powders of refractory compounds is proposed; calculated schemes of technological devices for deforming of thin
blanks and pressing of powders of refractory compounds were created, calculated researches of quantitative
characteristics of electromagnetic field and stress-strain state were carried out, which allowed to estimate
structural strength of devices; the generalized conclusions concerning estimations of action of an electromagnetic
field on elastic-plastic deforming of technological devices and slugs at separate operations of magnetic-pulse
processing of materials and recommendations concerning a choice of rational characteristics of an
electromagnetic field and design parameters of devices are carried out. The novelty of scientific results is due to
the development of calculation methods for estimating elastic-plastic deforming under the conditions of
electromagnetic field, taking into account the contact interaction and obtaining new data for analyzing the
strength of structural elements of technological equipment of pulse magnetic processing. The paper presents new
formulations and calculation models for deforming analysis based on the integrated use of approaches and
methods of the theory of thermoelastic plasticity, electromagnetism and heat transfer, new conditions for contact
interaction of composite bodies under EMF, which allowed to create a method of quantitative analysis of
mechanical, thermal and electromagnetic processes in technological systems for various purposes. New physical
and mathematical models and calculation schemes of technological operations of magnetic-pulse processing
aimed at correcting defects on flat workpieces, deformation of angular zones of curved thin workpieces, pressing
of products from heated powders of refractory compounds have been developed. For the first time a study of the
distribution of quantitative characteristics of the electromagnetic field, thermal field and stress-strain state in the
elements of technological equipment of magnetic-pulse processing, estimates of the influence of external
electromagnetic field on deformation processes, established new patterns in the distribution of stress-strain
characteristics from operational and design parameters of technological processes. Scientific developments and
practical research results were used in the implementation of research on state budget topics of the Department
of Theoretical Mechanics and Dynamics and Strength of Machines NTU "KhPI", in research and educational work
of the Department of Automotive Electronics of Kharkiv National Automobile and Road University, as well as in
National Research Center "Kharkiv Institute of Physics and Technology" of the National Academy of Sciences of
Ukraine in the implementation of research under the state program. The results of the dissertation can be used in
the machine-building industry.
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