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1. lucepTaris npucBsYeHa KOMIIJIEKCHOMY JIOCJIJKEHHIO iHillillOBaHUX BOJHEM (a30BUX IIEPETBOPEHD Y CIJIaBax
Ha OCHOBI pizkicHo3emenbHUX (P3M) i nepexinnux metaniB cuctem La-Ni-Co, La-Nd-Ni-Al, Sm-Co Ta Nd-Fe-B, sxi
BUKOPUCTOBYIOTbCSI B BUCOKOTEXHOJIOTIYHUX rajy3sx [ BUTOTOBJIEHHS] HETATUBHUX €JIEKTPO/IiB HiKeJIb-
METaJIOTiLPUIHNX aKyMYJIATOPIB Ta BACOKOEHEPreTUYHUX IOCTIMHMX MarHiTiB. BCTaHOBJIEH] CHJIBbHI
3aKOHOMIpPHOCTI nepebiry (pa3oBUx epeTBOPEHD Y riIpMAHUX MaTepianax Ha OCHOBI criosyku LaNi5 ta 'y
depomarHiTHUX MaTepianax Ha ocHOBI cnioyyk SmCo5, Sm2Co17 Ta Nd2Fel4B no3Bosmiu 3anporoHyBaTu
KOHLIEMNIi10 06pO6KY B c€peloBHII BOIHIO (PYHKIIOHAJIBHUX MaTepialiB Ha OCHOBI cIyIaBiB P3M, 1o nossrae y
BCTAHOBJIEHHI PETYJISTUBHOIO MEXaHi3My LiJIeCIIPSIMOBAHOI 3MiHU MIiKPOCTPYKTYpH, (ha30BOro CKJIALY i
TEXHOJIOTIYHUX ITapaMeTPiB Jj1s 3a0e3ledyeHHs] HeOOXiTHUX eKCIUTyaTaliiiHuX BlIacTUBOCTeN. OTpUMaHO
€KCIIEpMMEHTAaJIbHE MiITBePI)KEHHS BUCYHYTOTrO [IPUITYIIEHHSI CTOCOBHO MeXaHi3My (POPMYBaHHS
KpUCTal0rpadiyHoi TEKCTYPH Yy pe3yJIbTaTi BOGHEBOI 0OPOOKU METOLIOM TiIpyBaHHS, IACIPONOPLiOHYBaHHS,
necop6yBaHHs1, pekombinyBaHHs (I'/1JP). Heo6xigHO0 yMOBOIO LIbOTO € IPUCYTHICTh 3aIMILIKIB BUXiHOI a3y ceper,
IIPOAYKTIB ii JucrponopLioHyBaHHs. BcTaHOBIEHO 3aKOHOMIPHOCTI 3MiHM (pa30BOro CKJaNy, MIKpDOCTPYKTYPH,
KpUCTalorpadiuHyux XapaKTEPUCTHUK Ta BJIACTUBOCTEN OCIiI)KyBaHUX MaTepiasliB 3aJI€5KHO BiJl PEXXUMIB
(3BuyaiiHmit un cousig IIJIP, momen y BogHi, TepmiuHa 06po6Ka y BOJIHI UM BaKyyMi, @ TAKOXK iX pi3HOMaHiTHe
[IO€HAHHS) Ta TapaMeTPiB (THCK BOJHIO, YaCTOTa O6ePTaHHS KaMepH IJIaHEeTapHOTO MJIMHA, MaKCUMaJlbHA
TeMIlepaTypa HarpiBy, TPUBaJiCTb BUTPMMKHU) BOgHEBOI 00poOku. KombiHOBaHa BOogHEBa 06pOOKa, 110 NOENHYE
IoMeJ1 y IJIaHeTapHOMY MJIMHI 3 4acToTolo 100 06./xB ypo#osxK 40 XB 3 IOJAJIbIIMM 3aCTOCyBaHHAM coJig [P
3a TUCKY BOgHIO 0,4 MIla, 103BoJIsIe OTpUMATH HAUBUILi 3HAYEHHSI MAarHITHUX BJIACTUBOCTEN Y IIPOMUCIIOBOMY
depomarHiTHOMY craBi Ha KC37 Ha ocHOBI crionyku SmCo5. 30Kkpema, 3a TeMIlepaTypyu peKoMOiHyBaHHS Mif, 4yac
conig I'IJIP 950 °C oTprMaHoO HaliBUllle 3HAaYEHHS KOEPUUTUBHOI cuiu ~ 41 KE. BctaHoBseHO 0COBJIMBOCTI
peasizanii KoM6iHOBaHOTO CIOCOOY BOJHEBOI 06po0OKH y criaBax cuctemu Nd-Fe-B. [TokazaHo HeOOXinHICTD
BHMKOPHCTAaHHS I1iJ] Yac [IoMeJry 0J1e{HOBOI KMCJIOTH, SIK 3aXMCHOTO CEpPeloBUILA, 1J1s 3al106iraHHs arjaoMmepariii
BHACOKOAMCIIEPCHUX YaCTUMHOK MOPOILKIB. BUCOKa peakuiiiHa 31aTHICTb OTPMMYBaHUX [IOPOLIKiB BUMarae
3aCTOCYBaHHS MOJM(PiKOBaHOI CxeMU BOJIHEBOi OOPOOKY /1J14 3al106iraHHs iX OKMCHEHHIO: HarpiB 10 TeMIIepaTypu
600 °C 3a Tucky BogHio 0,25 MIla 3 noganbpmum foro 3HmwkeHHsM 110 0,05...0,07 MIla Ta mpofgoBKeHHsIM HarpiBy 10
760 °C. ExcieprMeHTabHI pe3ysIbTaTu JOCAiIKEHb JO3BOJIUIN PO3BUHYTH YSBJIEHHSI CTOCOBHO BILJIUBY
KOMILJIEKCHOTO JieTyBaHHs Zr i Fe Ha 3MiHy (a30Boro ckyany Ta MiKpoCTPYKTypy GepOMarHiTHUX CIJIaBiB HA OCHOBI
cniostyku Nd2Fel4B y pesysnbrati BogHeBoi 06po6ku. CTBOPEHO €KCIIEPUMEHTANIbHY 6a3y JaHUX [J1s1 pO3PO0IEHHS
aJITOPUTMY KOMITIOTEPHOTO IIPOrHO3YBaHHS MarHiTHUX BJIAaCTUBOCTEN (pepoMarHiTHUX criasis cucremu Sm-Co 3
BUKOPMCTAaHHSIM METO/IB MAIIMHHOTO HaBYaHHS. BCTaHOBJIEHO, 10 [IPOCTI METOAU MAIIMHHOTO HaBYaHHS HE
3a0€e3ne4nyy JOCTaTHbOI TOYHOCTI IIPpOrHo3y. [IpoTe 1ie Baanocs peasnizyBaTu 3 BUKOPUCTaHHSIM aHCaMOJI€BUAX
METO[IiB OGUNCIIIOBAJIbHOTO iHTEJIEKTY, 110 3a0e31eYnsIO MiBUIeHHS TOYHOCTI IPOTHO3Y MarHiTHUX BIaCTUBOCTEN
Ha 12-15 %. Po3pob6JieHi afropuTMy MaliMHHOTO HAaBYaHHS JO3BOJISIIOTh OOMPATU ONMTUMAJbHI pEXXUMU BOJTHEBOI

00pOOKH 11J151 OTPMMAaHHS 33JaHUX eKCIUlyaTallillHUX BJIaCTUBOCTEN.

2. The dissertation is devoted to the complex research of hydrogen-initiated phase transformations in alloys based
on rare earth (REM) and transition metals of La-Ni-Co, La-Nd-Ni-Al, Sm-Co and Nd-Fe-B systems. These materials
are used in high-tech industries to produce negative electrodes of nickel-metal hydride batteries and high-energy
permanent magnets. The common regularities of phase transformations in hydride materials based on LaNi5
compound and in ferromagnetic materials based on SmCo5, Sm2Co17 and Nd2Fel4B compounds have been
established. Based on this, the concept of processing functional materials based on REM alloys in a hydrogen
environment is proposed, which consists in establishing a regulatory mechanism for purposeful changes in the
microstructure, phase composition and technological parameters to ensure the necessary operational properties.
The experimental confirmation of the proposed assumption regarding the mechanism of crystallographic texture
formation in REM-based alloys resulting from hydrogen treatment by means of hydrogenation, disproportionation,
desorption, and recombination (HDDR) was obtained. The presence of residues of the initial phase among the
products of its disproportionation is a necessary condition for texture formation. The regularities of changes in the
phase composition, microstructure, crystallographic characteristics and properties of the studied materials were



established depending on the modes (ordinary or solid HDDR, milling in hydrogen, heat treatment in hydrogen or
vacuum, as well as their various combinations) and parameters (hydrogen pressure, rotation frequency of the
planetary mill chamber, maximum heating temperature, duration of exposure) of hydrogen treatment. Combined
hydrogen treatment, which merges milling in a planetary mill with a frequency of 100 rpm for 40 min with the
subsequent application of solid HDDR under a hydrogen pressure of 0.4 MPa, allows obtaining the highest
magnetic properties values for KC37 industrial ferromagnetic alloy based on the SmCo5 compound. In particular,
the highest value of the coercive force of ~ 41 kE was obtained at a recombination temperature during solid HDDR
of 950 °C. The peculiarities of implementing the combined hydrogen treatment method in Nd-Fe-B system alloys
have been established. The necessity of using oleic acid during milling as a protective medium is shown to prevent
the agglomeration of highly dispersed powder particles. The high reactivity of the powders requires using a
modified scheme of hydrogen treatment to prevent their oxidation: heating to a temperature of 600 °C under a
hydrogen pressure of 0.25 MPa, followed by its reduction to 0.05...0.07 MPa and continued heating to 760 °C. The
experimental results of the research made it possible to develop an understanding of the effect of complex doping
of Zr and Fe on the change in the phase composition and microstructure of ferromagnetic alloys based on the
Nd2Fel4B compound as a result of hydrogen treatment. An experimental database was created to develop an
algorithm for computer prediction of magnetic properties of the Sm-Co system ferromagnetic alloys using
machine learning methods. It was established that simple machine learning methods did not provide sufficient
forecast accuracy. However, it was possible to implement it using ensemble methods of computational
intelligence, which ensured an increase in the accuracy of the forecast of magnetic properties by 12-15%.
Furthermore, the developed machine learning algorithms allow choosing the optimal modes of hydrogen
processing to obtain the specified functional properties.
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