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Pedepar:

1. Y po60Ti pO3KpUTO BaXIMBY QyHIAAMEHTAJILHY HAYKOBY IIPOGJIEMY LIOZ0 BIJIMBY TEPMIUHO iHiLliIOBaHMX

IporeciB HaHOKPUCTAai3alii B aMopdHUX METaJeBUX CIIJIaBaX Ha OCHOBI aJIIOMiHiIO Ta 3asiza Ha IXHIO aTOMHY
CTPYKTYpPY, Mixk¢azHy Mop@oJiorilo, eleMeHTHUM cKiag, Ta (Pi3snKo-XiMiuHi BJaCTUBOCTI. 30KpeMa 3'1COBaHo, 110
BUxigHi 3pazku AMC cucrem AloP3MoNi/Fe (P3M oY, Gd ta Dy) ta FeoNboBoP3M (P3M n'Y, Gd, Tb Ta Dy) BosogitoTs
0COOJIMBOIO KJIACTEPHOIO CTPYKTYPOIO 1 (POPMYIOTHCSI, IEPEBAKHO, 3 ATOMIB OCHOBHUX €JIEMEHTIB, YTBOPIOIOYU
romoaromHi napu AloAl Ta FeoFe. Y ¢popmyBaHHi 6/1MKHBOTO MOPSIIKY TaKOX 6epyThb yyacTb aromu P3M ta Ni/Fe (y
Bunanky Al-AMC). MixxaToMHi BificTaHi CBiguaTh PO NOHOP-aKLENTOPHY eJIeKTPOHHY B3aeMo{lito y rnapax AlolIM, a
MiX aromamu Al Ta P3M npocTexxyeTbCst TUIIOBUM METaYHMI 3B'930K. Y Bunaaky AMC Ha OCHOBI 3aj1i3a MOKHa
CTBEPIPKYBaTH Jviie B3aeMozio P3MoB. BogHovyac 3MeHIIeHHs BifcTaHi FenoB, MOpiBHAHO i3 CYMOIO aTOMHMX PafiiyCiB
esieMeHTiB, 3adikcoBaHo smuie y AMC Fe82Nb2B14Dy2, o Mmoxke 6yTH MOB'SI3aHO 3 OCOOJIMBOCTSIMU CTPYKTYpU



KJIACTEPiB B IPUCYTHOCTI came AUCNIpo3ito. IcHyBanHA y BUuxinHux Al-AMC TpbOX OCHOBHMX TUIIiB aTOMHUX Nap y
nepiifi KoopauHauinHiin cdepi, a came AloAl, AInDP3M ta AloNi, yTBOpeHHsI HAaHOKpUCTaiB Al IpU3BOAUTD 1O
posiapyBaHHsl amopdHOi MaTpulli Ha ABi (pasy, 36araueni P3M a6o Ni, Bignosigno. [Toni6HUI npouec He
criocrepiraerscs y Bunanaky Fe-AMC, npu4MHOIO 4OTO € HasIBHICTb BEJIMKOI KijIbKOCTi aToMHMX nap NboNb, ki,
KOHLIEHTPYIOYMCh Ha MIKKJIAaCTEPHUX Me’KaX, yTBOPIOIOTb Mijl 4ac Bianany nudysiiiHi mapu. AHai3 KiHeTUKU
i3oTepmivHOi KpucTasizallii 1oKasas, 10 PicT 3epeH (HaHOKPUCTANiB) Mae NUQy3iiiHO-KOHTPOJIbOBaHUM XxapakTep, a
TOMY HiO0i€Bi mapy 06MeXyIOTh PiCT Ta 3aN106iraloTh 00’eIHAaHHIO HAHOYACTMHOK. MarHiTHi isorepmu P3M-
nerosanux (Y, Gd, Tb, Dy) AMC cucremu Fe-Nb-B 3a temneparypu 2 K y MarHiTHoMy 1osii 3 BeJIMYMHOI iHIYKIii
1o 7 T, onucyioTs Ppepo/depruMarHiTHy HoBeAiHKY 3pa3kiB 3 HacuueHHsIM Hkue 1 Ti. AMC noninsoTecs Ha OBi
IPYIIY 3QJIEXKHO BiJl BEJIMYMHY MarHiroHeob6opoTHoro edekrty (MI-edexr). [Ina crnasiB nepwoi rpynu (Y- Ta Gd-
seroBaHi AMC) xapakTepHi BiJHOCHO HU3bKi 3HaY€HHSI CTyIEeHs! MarHiTHOI HEOOOPOTHOCTI O 67IM3BKO 5 % 32 HU3BKUX
TeMIIepaTyp, TOAI SIK y BUNAJKy APYroi rpynu (crasu jgerosaHi Dy Ta Tb) o 6inbm Hixk 50 % npu 2 K. fIkuo crnaBam
Fe82Nb2B14Y2 Ta Fe82Nb2B14Gd2 xapaxkTepHe Bucoke 3HaueHHs W (530 Ta 750, BignosinHo), To y AMC ppyroi rpynu
nopatky P3M BUKJIMKAIOTh JIOKAJIbHY MarHiTHY aHi30TPOIIIO, SIKa BilIIOBila€ 3a 3HKEHHS MArHiTHOI
CIIPUHAHSTIANBOCTI Maiike Yy I'SITh pasiB. EneKTpoxiMidHi JOCTiIKeHHS [10Ka3ay, 0 1BOMa BasKJIMBUMU
daxTopamy, SIKi BUBHAYAIOTh KOPO3ilHy TPUBKICTb JOCiIKeHux ciiaiB cucteMm AloP3MoNi/Fe ta FenNboBoP3M e
TOBILMHA Ta LIiJIbHICTB (IIOPYBATiCTh) 3aXMCHUX OKCUJHO-TiAPOKCUAHUX 11aPiB, sIKi GOPMYIOTbCS Ha IIOBEPXHI
3paskiB AMC mif fi€eto eneKTpoXiMidHMX HaBaHTaXKeHb. Tak 30iJbIIEeHHS YK CJIa UUKIIB MOJISIpU3alii TOCaiIKeHUX
AMC-enexTpoiiB NpU3BOAUTH O 3MEHIIEHHS CTPYMiB OKUCHEHHS Y BOJHUX po3ynHax NaCl Ta, HaBnaky, 1o ix
3pocTtanHs y ayxkHomy (KOH) cepenoBulli B pe3ysbTaTi IOTOBIIEHHS /yIIiIbHEHHS Ta PYMHYBaHHS 3aXUCHUX IIapiB,
BiANoBinHO. [Ipy 11bOMY BaXKJIUBY POJIb BiflirpaloTh TAKOX IIPOLECU €JIEKTPOXiMiYHOT'O BUJIZIEHHS ra3iB Ta 000POTHI
PenoKC-TIepETBOPEHHS CIIOMNYK 3ajiza. AMC-enextpoau cucteM AloP3MoNi/Fe ta FeoNboBoP3M BosiofiitoTh
€JIEKTPOKaTaJiTUIHUMU BIACTUBOCTSIMU 1040 PBB 3 BOIHUX JIy>KHUX PO3YMHIB, IIPU LIbOMY €(PEKTUBHICTb [IpoIiecy
CYTTEBO 3POCTAaE 3a BUKOPUCTAHHS BifillaJIeHNX 3pa3KiB. EJIeKTpOKaTaliTUYHA aKTUBHICTb JOCIIIPKEHNX 3pa3KiB
AMC 3ymoBiieHa 36iybII€HHSIM NIOBEpXHeBOi KoHLeHTpauii Ni (ms1g Al-AMC) i P3M (g1 Fe-AMC) B pe3ysbTarti
€JIEKTPOXiMIYHOI'O OKMCHEHHS-BigHOBIeHHs oBepxHi AMC Ta, BiAToBifHO, Bignany. 3'sCOBaHO, 0
HaWNePCIEKTUBHIIINMU €JIEKTPOJHUMU MaTepiajlaMU [1J1g €JIEKTPOXiMiYHOIO BUMIJIEHHS BOJHIO 3 JIY’)KHUX PO34YMHIB
e Bignaneni 3pasku AMC Al87Ni8Y4Dyl Ta Fe84Nb2B14Gd2.

2. The work reveals an important fundamental scientific problem regarding the influence of thermally initiated
nanocrystallization processes in amorphous metal alloys based on aluminum and iron on their atomic structure,
interphase morphology, elemental composition, and physicochemical properties. In particular, it was found that

the initial samples of AMA systems AloREoNi/Fe (RE Y, Gd and Dy) and FeoNboBo RE (RE Y, Gd, Tb and Dy) have a special
cluster structure and are formed, mainly, from atoms of basic elements, forming homoatomic pairs AloAl and FeoFe.
RE and Ni/Fe atoms (in the case of AI-AMA) also participate in the formation of short-range order. The interatomic
distances indicate a donor-acceptor electron interaction in AloTM pairs, and a typical metallic bond is observed
between Al and RE atoms. In the case of iron-based AMA, only the interaction of RE 0B can be asserted. At the same
time, a decrease in the FenoB distance, compared to the sum of the atomic radii of the elements, was recorded only

in Fe82Nb2B14Dy2 AMA, which may be related to the peculiarities of the cluster structure in the presence of
dysprosium itself. The existence of three main types of atomic pairs in the first coordination sphere, namely AloAl,
Alo RE, and AloNi in the starting AI-AMA, the formation of Al nanocrystals leads to the delamination of the amorphous
matrix into two phases enriched in RE or Ni, respectively. A similar process is not observed in the case of Fe-AMA,
the reason for which is the presence of a large number of NboNb atomic pairs, which, concentrating on intercluster
boundaries, form diffusion layers during annealing. The analysis of the kinetics of isothermal crystallization

showed that the growth of grains (nanocrystals) has a diffusion-controlled nature, and therefore the niobium

layers limit the growth and prevent the aggregation of nanoparticles. Magnetic isotherms of RE-doped (Y, Gd, Tb,
Dy) AMAs of the Fe-Nb-B system at a temperature of 2 K in a magnetic field with an induction value of up to7 T
describe the ferro/ferrimagnetic behavior of samples with saturation below 1 T. AMAs are divided into two groups
depending on the magnitude of the magnetic reversal effect (MI effect). Alloys of the first group (Y- and Gd-doped



AMAs) are characterized by relatively low values of the degree of magnetic irreversibility - about 5% at low
temperatures, while in the case of the second group (alloys doped with Dy and Tb) - more than 50% at 2 K. If the
Fe82Nb2B14Y2 and Fe82Nb2B14Gd2 alloys are characterized by a high value of p (530 and 750, respectively), then in
the AMAs of the second group, the RE additions cause local magnetic anisotropy, which is responsible for the
decrease in magnetic susceptibility by almost five times. Electrochemical studies have shown that the thickness
and density (porosity) of the protective oxide-hydroxide layers that form on the surface of the AMA samples are
two important factors that determine the corrosion resistance of the investigated alloys of the AloREoNi/Fe and
FeoNboBoRE systems under the action of electrochemical loads. Thus, an increase in the number of polarization
cycles of the studied AMA electrodes leads to a decrease in oxidation currents in NaCl aqueous solutions and,
conversely, to their growth in an alkaline (KOH) environment as a result of thickening /densification and
destruction of protective layers, respectively. At the same time, processes of electrochemical release of gases and
reversible red /ox transformations of iron compounds also play an important role. AMA electrodes of the

AIoREnNi /Fe and FeoNboBoRE systems possess electrocatalytic properties with respect to HER from aqueous alkaline
solutions, while the efficiency of the process increases significantly with the use of annealed samples. The
electrocatalytic activity of the investigated AMA samples is caused by an increase in the surface concentration of
Ni (for AI-AMA) and RE (for Fe-AMA) as a result of electrochemical oxidation-reduction of the AMA surface and,
accordingly, annealing. It was found that the most promising electrode materials for the electrochemical release of
hydrogen from alkaline solutions are the annealed samples of AMA Al87Ni8Y4Dy1 and Fe84Nb2B14Gd2.
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