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1. O6'exT mocifKeHHs - Mpoliec 3MillHEHHS BXiZJHOI KPOMKH JIONATOK MapoBUX Typ6iH 3i ctasi 15X11IMO-1II
KOMOIHOBaHMM CIIOCOOOM: 3arapTyBaHHSM CTPYMaMM BUCOKOi YaCTOTH Ta €JIeKTPOiCKPOBUM JIETYBaHHSIM
omgHoOIMeHHOI0 ctaniio 15X1IM®-III. MeTor nuceprauiitHoi po60TH € MigBUIIEeHHS JOBrOBIYHOCTI JIOMATOK MapOBUX
TypOiH 3i ctani 15X1IM®-1II 3a paxyHOK BIIPOBa/I)K€HHSI KOMIJIEKCHOTO 3MillHEHHSI BXiJHUX KPOMOK JIOIIATOK [1JIs1

3aXUCTY Bifl €pO3ifIHO-KOPO3illHOTO pyMHYBaHHS HAa OCHOBI yIIPaBJIiHHS NapaMeTPaMU CTPYKTYPHU i QyHKIIOHATIBHAX



BJIACTMBOCTEMN. [IpegMeT JOoCHiIpKEeHHS - 3aKOHOMIPHOCTI ()OPMYyBaHHS CTPYKTYPH i BJIACTUBOCTEN [TOBEPXHEBUX
3MilJHEHUX IapiB JIONATOK IapOBUX TypOiH. MeToM NOCTiIKEHHS: 1J JOCSTHEHHS [TOCTaBJIeHOI MEeTH i
BUpilI€HHS 3a3HaY€HUX 33724 O0yJI0 BUKOPUCTAHO CUCTEMY 3araJlbHOHAYKOBUX METOLB i mpuiiomis. OLiHIOBaHHS
BJIACTMBOCTEM MaTepiasiB BUKOHYBAJIM 3 BUKOPUCTAHHSIM CTaHAAPTHUX METO/IiB MEXaHIYHUX AOCJiIKEHb
(mikporBepgomep [IMT-3, Nano Indenter G200), meTasnorpagidynoro (ontuyHi mikpockornu MMO-1600, MIM-8),
PEHTreHOCTPYKTYpHOro (nudpakromerp PHILIPS PW3710), MikpopeHTreHOCIIeKTPaIbHOTO aHali3y (€1eKTPOHHUM
ckanytounit Mikpockon PHILIPS XL 30 ESEM), MeTO[IiB €71IeKTPOHHOI MiKpOCKOIIii (€/1eKTPOHHUI MiKpockon JSM
7001F), BU3Ha4YE€HHSIM KOPO3iliHOi cTifikocTi (Voltalab 40), Bu3HauYeHHs epo3iliHOi CTIIKOCTi METOIOM
yspTpasBykoBoro aucnepryBanss (Hielscher YUII-1000). JlabopaTopHi BUIPOOGOBYBAaHHSI BUKOHAHO 3
BUKOPUCTAHHSIM METOLMK, 110 BiANOBILAIOTh NEPKAaBHMUM CTaHAApTaM YKpainu Ta crangapram I[SO. [Ipomuciosi
BUIIPOOYBAaHHS POOOYMX JIONATOK 3i 3MITHEHMMU BXiJHMMY KPOMKaMU 3a 3aIIPOIIOHOBAHUM CIIOCOO0OM
nposoauincs crinbHO 3 AT «Typ6oatom» Ha AEC «Ilakm» B Pecny6:iui YropuuHa. HaykoBa HOBU3HA OfiepKaHUX
PEe3yJIbTATIB: BIIeplIe BCTAHOBJIEHO, 110 MTOE€IHAHHS METO/iB IOBEPXHEBOTO 3MIIJTHEHHS - 3arapTyBaHHS CTPyMaMU
BHICOKOI YaCTOTH Ta €JIEKTPOICKpOBe JieryBaHHs ctauno 15X11IMO-111, 103B0aM0 NiABUIIATH TBEPLICTb KDOMKU
sionatku 3i ctasi 15X1IM@-1II B 2,2-3,0 pasu go 5500-7000 MIla Ta nigBuimuTy omnip €po3iiiHO-KOpo3iitHOMY
PYVHYBaHHIO 32 paXyHOK ()OPMYyBaHHS B [I0BEPXHEBOMY IIApi CTPYKTYPU JIETOBAHOT'O MapTEHCUTY, 3aJIUIIKOBOTO
ayCTeHiTy Ta ckynagHux kap6iniB Cr3C2 ta Cr7C3; Brneplie BCTaHOBIJIEHO, 1I0 BUKOPUCTAaHHS KOPO3iliHOCTIHKO] cTasi
15X1IMO-11I, gxa ifeHTUYHAa OCHOBHOMY MaTepialy JIONaTKu, 17151 3MiLIHEHHSI METOOM €JIEKTPOiCKPOBOTO
JIeTYBaHHS BXiZJHOI KDOMKHU POOOYOi JIONATKYU NAapOBOi TYpPOiHU JO3BOJINAJIO MiIBULIUTHU CTiMKICTh 10 €pO3iiHOTO
PYVHYBaHHS Ha 72% 3a paxyHOK 30iJIbIlIeHHs KOHIIeHTpaLii Xxpomy 10 44%; yIOCKOHAJIEHO Ta allpo60BaHO METO/
MOPiBHSJIBHOI OL[iHKY €(DEKTUBHOCTI 3MilIHIOIOUMX TE€XHOJIOTI MiBUILIEHHS JOBrOBIiYHOCTI pOOOYHUX JIOMATOK
[IapoBUX TyPOiH; OTPUMAaB MOJAJIBIINK PO3BUTOK METOJ, OL[iHKY KOPO3iliHOi CTIKOCTi 3aXMCHUX 3MilJHEHUX LIAPiB,
BIIEeplIe OTPMMAHO 3aJIeKHOCT] TapaMeTpiB KOPOo3ii Bif, CTPyKTypHO-(}a30BOro cTaHy 3MilJHEHUX LIapiB JIOMATOK 3i
crani 15X1IM®-1II. [TpakTH4He 3HAaUEeHHS OJIEP>KaHUX Pe3yJIbTaTiB: pO3p0O0JIEHO TEXHOJIOTIIO MiJBUIIEHHS
IOBTOBiYHOCTI JIONIATOK NIAPOBUX TYPOiH 32 PaXyHOK 3aCTOCYBaHHSI KOMOiHOBAHOIO CIIOCO0Y 3MilIHEHHS IIJISIXOM
[IO€HAHHA Y OGHOMY TEXHOJIOTIYHOMY IIPOLEC 3arapTyBaHHS CTPyMaMU BMCOKOI YaCTOTH Ta €JIEKTPOiICKPOBE
JIeTyBaHHSI; pO3p06JI€HO METOAUKY 3MilJHEHHSI BXiIHOI KDOMKH JIONIATKU OCTAHHbOTO CTYII€HSI HU3bKOTO TUCKY
poTopa napoBoi Typ6iHu. TeopeTnyHi Ta IpakTU4HI pO3pOOKH, 3alIPOIIOHOBaHI B AUCEPTallii, BAKOPUCTOBYIOTbCS ¥
HaBYaJIbHOMY ITpolieci XapKiBCbKOTrO HallioHaJIbHOTO aBTOMOO1/IbHO-JOPOXKHBOTO YHIBEPCUTETY NPY BUKJIAAaHHI

IOVICLMILIIH, [IPY BUKOHAHHI BUITyCKHUX KBasliikamiiftHUX pobiT MaricTpis.

2. The object of research - the process of strengthening the inlet edge of the blades of steam turbines made of
steel 1I5HIIMF-W in a combined way: hardening with high frequency currents and electrospark alloying of the same
name 15X11IMF-W. The aim of the dissertation is to increase the durability of steam turbine blades made of steel
15H1IMF-W by introducing a comprehensive strengthening of the inlet edges of the blades to protect against
erosion and corrosion damage based on the control of structure parameters and functional properties. The subject
of research is the regularities of formation of the structure and properties of surface reinforced layers of steam
turbine blades. Research methods: to achieve this goal and solve these problems, a system of general scientific
methods and techniques was used. Evaluation of the properties of materials was performed using standard
methods of mechanical research (microhardness tester PMT-3, Nano Indenter G200), metallographic (optical
microscopes MMO-1600, MIM-8), X-ray diffractometer (PHILIPS PW3710 diffractometer), micro X-ray
spectroscopic analysis X 30 ESEM), methods of electron microscopy (electron microscope JSM 7001F),
determination of corrosion resistance (Voltalab 40), determination of erosion resistance by ultrasonic dispersion
(Hielscher UIP-1000). Laboratory tests were performed using methods that meet the state standards of Ukraine
and ISO standards. Industrial tests of work blades with reinforced inlet edges according to the proposed method
were carried out jointly with JSC "Turboatom" at the NPP "Paks" in the Republic of Hungary. Scientific novelty of
the obtained results: for the first time it was established that the combination of surface hardening methods -
hardening by high frequency currents and electrospark alloying of steel 15X11IM®-1II, allowed to increase the
hardness of the blade edge of steel 15X1IM®-III 2.2-3.0 times to 5500-7000 MPa and increase the resistance to



erosion-corrosion destruction due to the formation in the surface layer of the structure of doped martensite,
residual austenite and complex carbides Cr3C2 and Cr7C3; for the first time it was found that the use of corrosion-
resistant steel 15HIIMF-W, which is identical to the main material of the blade, to strengthen the method of
electrospark doping of the inlet edge of the working blade of the steam turbine allowed to increase erosion
resistance by 72% by increasing chromium concentration to 44%; the method of comparative evaluation of
efficiency of strengthening technologies of increase of durability of working blades of steam turbines is improved
and tested; the method of estimation of corrosion resistance of protective strengthened layers was further
developed, dependences of corrosion parameters on a structural-phase condition of the strengthened layers of
blades from steel 15X11IM®-1II were received for the first time. The practical significance of the obtained results:
the technology of increasing the durability of steam turbine blades due to the use of a combined method of
hardening by combining in one technological process of hardening with high frequency currents and electrospark
alloying; a technique for strengthening the inlet edge of the blade of the last stage of low pressure of the steam
turbine rotor has been developed. Theoretical and practical developments proposed in the dissertation are used in
the educational process of Kharkiv National Automobile and Road University in the teaching of disciplines, in the
performance of master's theses.
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