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1. TexHoJIOTiYHE 3abe3MeYeHHs] KepOBaHOTO (POPMYBaHHS NTapaMeTPiB IOBEPXHEBUX IIAPiB CTalel pu
€JIEKTPOepO3iliHill 06poob1li APOTIHUM €JIeKTPOIOM
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Pedepar:

1. 3acTocyBaHHS iHHOBALIHNUX PO3POOOK B TEXHOJIOTii 0OpPOOKM MaTepiasiB 403BOJIsIE PO3MMPUTH BUKOPUCTAHHS
BHCOKOSIKICHMX MaTepiajiB BUCOKOi TBEPAOCTI B MallMHOOYyKyBaHHi. ITin yac ix 06pobky, cTaHiapTHI criocoou
BUPOOHUILITBA [TIOCTYIIOBO BUTICHSIOTHCS O/IbLI NPOTPECUBHUMU CTPATETisIMU, HAIIPUKIIAT, 00pOoOKa
€JIEKTPOepO3i€lo, eJeKTpoximMiuHa 06pobKa, yIbTPa3ByKoBa 00pobKa Ta jazepHa 06podka. EnextpoeposiiiHa
o6pobka (EEO) Bkitouae B cebe KOMIJIEKCHE 3aJIy4€HHS! YMCIeHHUX Qi3uyHUX 9BUll,. EsekTpruyHi ickpyu Mix
KaTOJOM Ta aHOJOM YTBOPIOIOTh BEJIMKY KUJIBKICTb TEIlIa HaJl HEBEJIMKOIO IiNIHKOIO JeTasi. Marepiai gertati
BUJIQJISIETHCS 3aBMISIKY BUHMKHEHHIO PO3IJIaBJIeHHS i BUNTApOBYBAHHS, BUKJIMKAHUX BUCOKOIO TEMIIEPATYPOIO IIPU

00BaJIEHHI KaHaJly II71a3MU po3psny. [lapameTpy oBepXHEBUX LIapiB CTaJIeBUX JieTajlell, TEXHIUHi Ta TEXHOJIOTI4Hi



XapaKTePUCTUKU NIPOLIECY, SIKi BU3HAYAIOTh MEXaHi3MU Ta Pe3yJbTaTH ix (GOPMYBaHHS NOTPEOYIOTh MOAAJIBIINX
KOMIIJIEKCHUX CUCTEMHUX JOCiKeHb. PO3BUTOK ysBjieHb ITpo GOPMYBaHHS IapaMeTPiB [IOBEPXHEBUX IIapiB
CTaJIeBUX JleTajlell TP esIeKTPoepo3iiiHilii 06pobLi APOTSIHUM €JeKTPOIOM JO3BOJIUTD MiTIBUIIUTH iX
eKCIUlyaTalliliHi XapaKTepPUCTHUKY, 32 PAaXyHOK Oi/IbII SIKICHOTO TPOTHO3YBAHHS Ta KEPOBAHOTO (POPMYBAaHHSI 33[1aHOI
MiKporeomeTpii Ta Qi3nko-mexaHiuHMX Bl1acTUBOCTEN. CyKyIHICTb NPeICTaBIEHUX Y JucepTallii pe3ybTatiB
€KCIIEPUMEHTAJIbHUX Ta TEOPETUYHUX JOCIIPKEHb CTAHOBUTh HOBE BUPILIEHHS aKTYaJIbHOI HAYyKOBO-TEXHIYHOI
3a/1aui NigBUIIEHHS €(EKTUBHOCTI TEXHOJIOTIYHOTO 3a0€31eYeHHsI IPOTHO3YBaHHS Ta KEPOBAHOTO (POPMYBaHHS
MikporeoMeTpii Ta pi3uko-mexaHiYHUX BJIACTUBOCTEN TIOBEPXHEBUX LIAPIB CTaJIEN IIPU €JIEKTPOEPO3iliHiil 06poo1i
IPOTSIHUM eJieKTponoM. IIpoBeneHuii aHanisy crany rnpobsem Ta GakTopis, 110 MAIOTh BIJINB Ha GOPMYyBaHHS
SIKOCTi TIOBEPXOHD IIPU €JIEKTPOEPO3iliHiil 06poO1Ii IPOTAHUM esieKTpoaoM. [IpoBeneHut AeTanbHUN aHai3
[apameTpiB Cy4YaCHUX F€HepPaTopiB TEXHOJIOTIYHOIO CTPYMY €JIEKTPOEPO3iHMX BUPI3HUX BEPCTATIB Ta MEXAHI3MU IX
BIUIMBY Ha (OPMYyBaHHS OOVMHUYHOI €pO3iliHOI JIyHKHU, IPOAYKTUBHICTb IIPOLIECY Pi3aHHS Ta SKiCTb COPMOBAHUX
IIOBEePXOHb. [IpoaHasi3oBaHO BIJIMB XapaKTEPUCTUK APOTSIHOTO €JIEKTPOAY-iHCTPYMEHTY Ha NIPOLEC
€JIEKTPOEepO3ifHOro BMpizaHHs. Po3risiHyTO BinoMi Mmozesi GOpMOYTBOPEHHS [1I0BEPXHI ITPU €JIEKTPOEPO3iNHIN
006po611i Ta 0CO6IMBOCTI POPMYBaHHS CTPYKTYPU NNOBEPXHEBUX 11apiB. B po6OTIi peacTaBieHo po3pobseHi Ta
nifibpani MeToguKy Ta O6JIaiHaHHS [Jid peartizallii KOMIIEKCY eKCIIepUMEeHTAIbHUX AOCIiIPKeHb KEPOBAaHOTO
BIIJIMBY OCHOBHUX IIapaMeTPiB €JIeKTPOEPO3iliHOTO IPOTSIHOTO BUPi3aHHs Ha GOpMYBaHHS MikporeomeTtpii,
CTPYKTypH Ta Pi3MKO-MEXaHIiYHUX BJIACTUBOCTEN IIOBEPXHEBUX MIAPIB CTajleil. 3allpONIOHOBAHO Ta a1alITOBAHO
OPUTiHAJIbHY METOIVKY BU3HAYEHHS HAIIPYT Y 30Hi TEPMIYHOTO BILJIMBY I1iCJIS €JIEKTPOEPO3INHOTO IPOTAHOTO
pi3aHH4 y BilOMUX IPOCTUX TEXHOJIOTIYHUX cxeMax. ONMCaHi TEOPETUYHI Ta €eKCIIEPUMEHTAJIBbHI JOCIIPKEHHS
npoueciB GOpMyBaHHs reOMeTpii OAMHNYHOI €pO3iliHOI JIYHKU Ta MiKporeoMeTpii I0BEpXOHb YTBOPEHMX MaCOBOIO
Ii€l0 pO3psifiB [IPU €JIEKTPOEPO3iiHOMY APOTIHOMY BupisaHHi (EEJIB). BusiBieHO 3aKOHOMIPHOCTI 3MiHU
eHeproedeKTUBHOCTI IpolLecy pyiHyBaHHS KOHCTPYKLiitHOI Ctasi 45 B 00paHOMY Jiiania3oHi pe>xXumiB poboTu
re”Heparopa. Iy rpynu crajei 3 BilOMUMU Ta JOCTATHbO OJIM3bKUMU TEIIO(PI3MIHUMU XapakTepucTtukamu (Crasb
45, Cranb 48, 40X, V10, X12M) oTpuMaHa cUCTeMa PiBHSIHb, SIKi JO3BOJISIIOTh HA €Talli MPOEeKTYBAHHSI TEXHOJIOTIYHOTO
MIPOLIECY €JIEKTPOEPO3IMHOIO IPOTSIHOTO BUPi3aHH [J1s BiIOMUX €HEPrii pO3psiy, 110 BUAIISETbCS HA aHO/],
TPUBAJIOCTi po3psLy Ta KoedillieHTa IePEeKPUTTS JIYHOK PO3PaxoByBaTH TpU 6A30Bi TapaMeTpu MIOPCTKOCTI — Rz,
Ra, Rq. OTpumaHi 3aKOHOMIPHOCTI BUHUKHEHHS Ta BIUIMBY Bi6palliil JpoTsHOro enekrpony-incTpyMmeHTy (JEI) Ha
¢dopmyBaHHS MikporeoMeTpii 06po61eHNX TOBEPXOHb. PO3p061€eHO MaTeMaTUYHy CTATUCTUYHY MOJEJIb [JIs
PO3paxyHKy BIIUBY Bi6panii [JEI Ha MikporeomeTpito 06pob6yieHnX IoBepXoHb. HaBeneHo pe3ysibTaTi CUCTEMHOTO
KOMILJIEKCY JOCJIiIPKEHD 110 BUBHAYEHHIO MIKPOTBEPLOCTI, CTPYKTYPH Ta TOBIIMHU 30HUA TEPMIYHOTO 3MIillHEHHS B
IKiCHIl ByTJieneBil KoHCTpyKuUiiHii Ctani 45 nicast EEJIB. OTpuMaHi pe3ysibTaTi 3a6€e311e4yIoTh IOIIOBHEHHS 6a3U
IAHUX Ta PO3LIMPEHHS YSBJIEHb PO 3aKOHOMIPHOCTI BIUIMBY YaCOBO-€HEPreTUYHUX XaPAaKTEPUCTUK iMITyJIbCiB
TEXHOJIOTIYHOr'0 CTPyMY Ha (OpPMYBaHHS TepMiuHO 3MiljHeHoro mwapy 3a EEJIB sikicHUX ByryielieBUX cTajei.
BucyHnyTO, OGI'PYHTOBaHO Ta €KCIIEPUMMEHTAJIBHO NI TBEPIKEHO TiNoTe3y Nnpo Te, o npu EEJB sxicHux
BYIJIELIEBUX CTaJIel 32 BUKOPUCTAHHS PO3PSIAHUX IMITyJIbCiB CTPYMY 3 €HEPreTUYHMMU Ta YaCOBUMMU I1apaMeTpaMu
XapaKTepHUMHU [JI51 CyYaCHUX €JIeKTPOEePO3iliHMX BUPI3HNX BEPCTATiB JOMiHYIOUNii BIIJIMB HA GOPMYBaHHS

TOBLIVMHY TEPMIYHO 3MiLJHEHOTO 1Iapy Ma€ TPUBAJIICTb iMITyJIbCY CTPYMY.

2. Application of innovative developments in technology of processing of materials allows to expand use of high-
quality materials of high hardness in mechanical engineering. During their processing, standard production
methods are gradually being replaced by more progressive strategies, such as electroerosion treatment,
electrochemical treatment, ultrasonic treatment and laser treatment. Electrical discharge machining (EDM)
involves the complex involvement of numerous physical phenomena. Electric sparks between the cathode and the
anode generate a large amount of heat over a small area of the part. The material of the part is removed due to the
occurrence of melting and evaporation caused by high temperatures during the collapse of the discharge plasma
channel. The parameters of the surface layers of steel parts, technical and technological characteristics of the
process, which determine the mechanisms and results of their formation require further comprehensive system
studies. The development of ideas about the formation of the parameters of the surface layers of steel parts during



EDM treatment with a wire electrode will improve their performance, due to better forecasting and controlled
formation of the specified micro geometry and physical and mechanical properties. The set of results of
experimental and theoretical researches presented in the dissertation is a new solution of the actual scientific and
technical problem of increase of efficiency of technological maintenance of forecasting and controlled formation
of micro geometry and physical and mechanical properties of surface layers of steels at electroerosive processing
by a wire electrode. An analysis of the state of problems and factors that affect the formation of surface quality
during EDM treatment with a wire electrode. The detailed analysis of parameters of modern generators of
technological current of electroerosive cutting machines and mechanisms of their influence on formation of a
single erosion hole, productivity the process of cutting and quality of the formed surfaces is carried out. The
influence of the characteristics of the wire electrode-tool on the process of electroerosive cutting is analyzed. The
known models of surface formation during electroerosive treatment and features of formation of structure of
surface layers are considered. The dissertation presents the developed and selected methods and equipment for
the implementation of a set of experimental studies of controlled influence of the main parameters of EDM wire
cutting on the formation of micro geometry, structure and physical and mechanical properties of surface layers of
steels. An original method for determining stresses in the zone of thermal influence after EDM wire cutting in
known simple technological schemes is proposed and adapted. Theoretical and experimental researches of
processes of formation of geometry of a single erosion hole and microgeometry of surfaces formed by mass action
of discharges at electroerosive wire cutting are described (WEDM). Regularities of change of energy efficiency of
the process of destruction of structural steel 45 in the selected range of modes of operation of the generator are
revealed. For a group of steels with known and sufficiently similar thermophysical characteristics (Steel 45, Steel
48, 40X, U10, X12M) a system of equations is obtained, which allows at the stage of designing the technological
process of EDM for known discharge energy released at the anode, discharge duration and the coefficient of
overlap of the holes to calculate the three basic parameters of roughness - Rz, Ra, Rq. The regularities of the
occurrence and influence of vibrations of the wire tool electrode (WTE) on the formation of the micro geometry of
the treated surfaces are obtained. A mathematical statistical model for calculating the effect of WTE vibrations on
the micro geometry of treated surfaces has been developed. The results are given a systematic set of studies to
determine the microhardness, structure and thickness of the thermal hardening zone in high-quality carbon
structural Steel 45 after WEDM. The obtained results provide replenishment of the database and expansion of
ideas about the patterns of influence of time-energy characteristics of process current pulses on the formation of
a thermally strengthened layer by WEDM of high-quality carbon steels. The hypothesis that the WEDM of high-
quality carbon steels with the use of discharge current pulses with energy and time parameters characteristic of
modern EDM cutting machines has a dominant influence on the formation of the thickness of the thermally
hardened layer has been put forward, substantiated and experimentally confirmed.
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