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Pedepar:

1. lucepranito NpUCBIYEHO PO3BUTKY HAYKOBUX 3aCaJl i METOZiB aBTOMaTU30BaHOTO PO3PaxXyHKY Ta [IPOEKTYBaHHS
IIPOLIECY BHOCOCTIMKOrO €JIEKTPOKOHTAaKTHOTO HaBapIOBaHHS CTPiuKaMM, a TAKOXK pO3po0Lli IPaKTUYHUX
PEKOMEHALIN 3 YIOCKOHAJIEHHS TEXHOJIOTIN BUTOTOBJIEHHS €JIEKTPOJHUX MaTepiaiB Ta BiJHOBJIEHHS 3HOLIEHUX
MOBEPXOHB. [Ipy IPOEKTYBaHHI BiJHOBJIOBAJILHUX OIEpalliil Ha OCHOBI MIPOLECIB €JIEKTPOKOHTAKTHOTO
HaBapIOBaHHS 3 BUKOPUCTAHHSIM PO3PaXyHKOBUX METO/IB IPU3HAYEHHS TEXHOJIOTIYHUX YMOB HApOIIyBaHHS
[IOBEPXHEBOTO APy NIPE SIBJS0ThCS HACTYIIHI OCHOBHI BUMOTH, IO 3a0€3MeYyI0Th HEOOXiAHI eKCIIyaTalilHi
BJIACTUBOCTI: MilIHICTb 3U€IlJIEHHS] HAHECEHOTO APy 3 OCHOBOIO, 3HOCOCTIMKICTh Ta BTOMHA MillHiCTb. B po6oTi

€KCIIEpMMEHTAJIbHO MiATBEePIKeHO BIUIUB KoeQillieHTy 3MillHEHHS Ha YyTJIMBICTh 10 KOHIEHTpallil HalpyKeHb



CTOCOBHO 3pPa3KiB, HABAPEHUX CTPiYKaMU 3 KOHCTPYKLIMHUX BYIJIELIEBUX CTaJIEN 3 HACTYITHOIO TEPMIYHOIO
006po6KoI0. Ha 0CHOBI 0fiepkKaHuX Pe3yJ/bTaTiB eKCIIePUMEHTAIbHUX JOCTiIKeHb PO3P06IeHO KOMOIHOBaHY
TEXHOJIOTIIO BiTHOBJIEHHS IUJIIHIPUYHUX [eTajlel, o MIPALIOI0Th B YMOBAX LIUKJIIYHOTO HABAHTAKEHHSL.
3anponoHOBaHa TEXHOJIOTIS BKJIIOYAE OMepallii €JIeKTPOKOHTAKTHOTO HaBapIOBAHHS 3 HACTYIHUM JIOKAJIbHUM
HarpiBom TBY Ta ynoBiIbHEHMM OXOJIOZPKEHHAM B TEIJIOI30JII0I0YiM CyMillli, 1[0 MICTUTL Y CBOEMY CKJIaJi IapyBaTi
3'enHaHHs rpadity. 3acTocyBaHHS Po3po6seHOI KOMOIHOBAHOI TEXHOJIOTi BiiHOBIEHHS IeTaylel 103BOJINIIO
3HU3UTHU WIBUAKICTb 3pDOCTaHHS BTOMHOI TPIilIMHY Yy IOBEPXHEBOMY 11api Ta MiABUIIUTH BTOMHY MILIHICTb
BiJHOBJIEHUX JieTanell. Ha OCHOBI IpOBEIEHNX €KCIIEPUMEHTANIBHUX JOCIIIKEHb PO3POOIEHO TEXHOJIOTII0
BUTOTOBJIEHHSI €JIEKTPOIHOTO MaTepiay, sIKa J03BOJIsIE CTBOPUTU y IPUBAPEHOMY IIOBEPXHEBOMY 1Iapi CTPYKTYPY,
110 CKJIaA€ThCs 3 IIJIACTUYHOI MaTpULi (TBepUii pO34MH) Ta PIBHOMIPHO PO3NOIiIEHUX Y Hill TBEPAUX CKIaLOBUX
(60pupis 3a7mi3a), 32 paxyHOK 4YOr0 HaBaHTaKEHHS], IO CIIPUIIMAETLCS [IOBEPXHEI0 BUPOOY, EPEPO3NOiISLEThCS M0
IJIOIL} TIOKPUTTS, 3HWKYI0YM MMOBIPHICTb PYyVHYBaHHSA. 3alIPONIOHOBAHA TEXHOJIOTS BUTOTOBJIEHHS €JIEKTPOJHOTO
Marepiasny 3abesleyye BUCOKi TOKa3HUKY 3HOCOCTIMKOCTI Ta HAallPYKEHHSI BiJKOJIy IIOKPUTTS, HAHECEHOTO
€JIEKTPOKOHTAaKTHUM METOLIOM. PO3p06JI€eHO 4K CI0By MaTeMaTU4HY MOJEJIb IPOLIECY €JIEKTPOKOHTaKTHOTO
HaBapIOBAHHS €JIEKTPOJHUMHU CTPidKaMH, 10 6a3yeTbCsl HA YNCIOBOMY PEKYPEHTHOMY BUPIlIEHHI YMOBU CTaTU4HOI
piBHOBary BUJiJIEHOTO eJIeMEeHTapHOro 06’eMy TepmonedopMaLiiiHOro ocepenky. Oco6MBICTIO 3alIpOIIOHOBAHO]
MaTeMaTU4HOI MOJIeJli € KOPEKTHE YPAaxXyBaHHS PO3IOJiNy TEIUIOBUX XapaKTEPUCTUK €JIEKTPOJHOrO MaTepiany
B3[10BX TepMoieOpMaLiliHOTO OCEPEIKY, IO Billirpae BaXXJIMBY POJib Y (POPMYBaHHI 3'€JHAaHHS B IIPOLIECi
HaBapIOBAaHHA. BCTaHOBJIEHO BIUIUB BEJIMYUHU KOe(illieHTy KiHEMaTUYHOI aCUMEeTpii Ha 3MiHY JIOKaJIbHUX
€HEProCUJIOBUX XapaKTEPUCTUK Mpolecy. [IpuiHATI Npu KiH1€BO-Pi3HELLEBOMY MOJIEJIIOBAHHI JOMYLIIECHHS
IiATBEPAKEHO Pe3ybTaTaMU KiHLI€BO-€JIEMEHTHOTIO MOJIEJIIOBaHHSI IIPOLIECY €JIEKTPOKOHTAKTHOTO HaBapIOBaHHS
CTpiuKaMM. AeKBATHICTb PO3POOJIEHOI MaTEeMAaTUYHOI MOJIEJI i TBEP/’)KEHA €KCIIEPUMEHTATbHUMU
IocimKeHHSIMU. EKcriepuMeHTalIbHO BCTAHOBJIEHO, 110 30ibIeHHS KoedillieHTy KiHeMaTUu4HoI acumeTpii mpouecy
€JIEKTPOKOHTaKTHOTO HaBapIOBaHHS CIIPUSIE MiIBUIIEHHIO MILIHOCTI 3uenyieHHs. Ha ocHOBI po3po6ieHoi
MaTeMaTU4HOI MOJIeJli BUKOHAHO aBTOMAaTU30BaHe MIPOEKTYBAHHS TEXHOJIOTIYHMX PEXMMIB IIpoLecy
€JIEKTPOKOHTAKTHOT'O HaBapIOBaHHS CTpidykamu. Ha 0CHOBI po3po6JieHoi 6a3u 1aHUX BUXiIHUX [TapAMETPiB IPOLECY
€JIEKTPOKOHTAaKTHOT'O HaBapIOBaHHS MTOOYI0BAHO CTPYKTYPHY CXE€MY Ta IIPOBELEHO MOJIE/II0BaHHS MOJYJIIO
HEYiTKOro KepyBaHHs IIPOLIECOM, pearlizallis SIKoro 3abe3rnedye KOHTPOJIb IAPAMETPIB PEXKUMY ITPOTITOM iMITyJIbCY
3BapIOBAJIbHOrO CTPYMy. Pe3ysbTaTy guceprauiiiHoi po6oTu BpoBamkeHo B ymoBax [IpAT «HoBOKpaMaToOpChbKuii
MamuHOOyiBHUH 3aBog» (M. KpamaTtopcesk), 3AT «KpamaTopchkuii 3aBoJ, METAJIOKOHCTPYKLi» (M. KpamaTopchk),
[TpAT «3aBop, HaniBOpoBigHUKIB» (M. 3anopiicks), [IpAT «CeBeponoHenpke 06'egHaHHSI A3OT» (M.
Cesepogonelpk), TOB «HaykoBo-Bupo6H1Ya KoMmnaHis «Perion InHoBaTuka Enion-bantuka» (M. JJoHELbK),
¢depmepcbkoro rocrnogapcrsa «Jlixrep» (C0B'SIHCbKUI P-H) 3 3araJlbHAUM €KOHOMIYHUM e(peKTOM 2451 TuC. TpH. 32
PaxyHOK HifBUILeHHS e(DeKTHBHOCTI pEMOHTHUX 3aXO0JiB, SIKOCTi [I0OBEPXHEBOT0 LAy BiJHOBJIEHUX JeTajle,
3HIDKEHHS] BUTPAT METajly Ta eHeproBuTpar. Kio4oBsi cj10Ba: €1eKTPOIHA CTPIUKa, €JIEKTPOKOHTAKTHE
HaBapIOBaHHS, KiHI[€BO-Pi3HULIEBA MATEMATNYHA MOJIEJIb, KiHLIEBO-€JIEMEHTHA MOJEJIb, PEXXKUMU

€JIEKTPOKOHTAKTHOI'O HaBaApOBaHHA.

2. The thesis is devoted to the development of scientific fundamentals and methods for automated calculation and
design of the wear-resistant electrocontact surfacing process by strips, including the development of practical
recommendations for improving the manufacturing electrode materials and restoring worn-out surfaces
technologies. When designing recovery operations based on the electrocontact surfacing using the calculation
methods for determining the technological conditions for increasing the surface layer, the following basic
requirements are met. They ensure the necessary performance properties: adhesion strength of the welded layer
to the substrate, wear resistance and fatigue strength. The work experimentally confirmed the effect of the
strengthening coefficient on the sensitivity to the stress concentration applied to samples deposited by strips of
structural carbon steels with subsequent heat treatment. Based on the results of experimental studies, a combined
technology for the recovery of cylindrical parts working under cyclic loading conditions was developed. The
proposed technology includes electrocontact surfacing operations followed by local heating of RF current and



delayed cooling in a heat-insulating mixture containing graphite laminate compounds. The use of the developed
combined technology for the restoration of parts made possible the reduction of the growth rate of the fatigue
crack in the surface layer and the increasing of the deposited parts’ fatigue strength. On the basis of the
experimental studies, the technology for electrode material fabrication was developed. It helps to obtain in the
deposited surface layer a structure consisting of a plastic matrix (solid solution) and uniformly distributed solid
components (iron borides), wherewith the loads perceived by the product surface are redistributed over the
coating area, reducing the destruction probability. The proposed technology for manufacturing the electrode
material provides high wear resistance and a breakdown stresses of the coating deposited by the electrocontact
method. A numerical mathematical model of the electrocontact surfacing process by electrode strips is developed.
It's based on a numerical recurrence solution of the static equilibrium condition for the selected elementary
volume of the thermal deformation hearth. A peculiarity of the proposed mathematical model is the correct
consideration of the electrode material thermal characteristics distribution along the thermal deformation focus,
which plays an important role in the formation of the joint during the surfacing process. The effect of the
kinematic asymmetry magnitude coefficient on the change in the local energy-force characteristics of the process
is established. The assumptions made under finite difference modeling are confirmed by the results of finite
element modeling of the electrocontact surfacing by tapes. The sufficiency of the developed mathematical model
is confirmed by experimental studies. It was experimentally established that an increase of kinematic asymmetry
coefficient in the electrocontact surfacing process contributes to the increase in the adhesion strength. On the
basis of the developed mathematical model, the technological regimes automated design of the electrocontact
surfacing by tapes is performed. Based on the developed database of the electrocontact surfacing process initial
parameters, a structural diagram was constructed and a simulation of the fuzzy process control module was
implemented. Its implementation provides control over the regime parameters during the welding current pulse.
Key words: electrode tape, electrocontact surfacing, finite-difference mathematical model, finite element model,
electrocontact surfacing modes.
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