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1. Kopensuii BiTbHOTO 06’eMy Ta CTPYKTYPU OJIMKHBOTO NMOPSAKY B METAJI€BUX PO3IJIaBaX 3 Pi3HUM CTyIIEHEM
MiKpPOHEOQHOPIZHOCTi aTOMHOTO PO3MOLiTy

2. Correlations of free volume and short-range order structure in metallic melts with different degrees of
microheterogeneity of atomic distribution

Pedepar:

1. Po6oTa nmpucBsiueHa BUPilIEHHIO (PYyHAAMEHTAIbHUX Ta IPAKTUYHUX [IPO6JIEM, TIOB'I3aHUX i3 BCTAHOBJIEHHSIM
B32€MO3B'I3Ky MK CTPYKTYPOIO OJIMXHBOTO MOPSIAKY Ta BiJIbHUM 00'€MOM Y METaJIeBUX po3IlylaBax. Pob0oTa MiCTUTb
Pe3yJIbTaTU PEHTTEHOCTPYKTYPHOTO NOCiI)KEHHSI, KOMITIOTEPHOTO MOJIE/IIOBAHHS i pO3PaxyHKY BiJILHOTO 00’eMy
MEeTaJIeBUX PO3ILIABIB, a TAKOX IBO- Ta TPUKOMIIOHEHTHHUX CILJIaBiB i KOMITO3UTIB Ha ixHil1 0cHOBI. KpiM TOTO,
IOCJIIKeHO CTPYKTYPY Ta BiibHUI 00’eM pinkodazHUX KOMIIO3UTIB 3 METAJIEBOIO MaTpuLielo. [ BUBYEHHSI
aTOMHOI CTPYKTYPH PO3ILJIaBiB 3aCTOCOBYBAJIA aHAJII3 TEMIIEPATYPHUX Ta KOHLEHTPALIMHUX 3aJIE)KHOCTEN

3arajibHMX Ta NapLiaJbHUX CTPYKTYPHUX [IapaMeTPiB (MDKAaTOMHMUX Bifjfajell Ta KOOpAMHALINHUX ducer). BinbHui



06’eM CIIIaBiB B PifkOMy CTaHi B MeXXax GJIMKHbOTO MOPSAKY 00U CIIIOBAIM 3 BUKOPUCTAHHSIM 3HAa4€Hb PaliyciB
Mepumx KOOpAUHAIINHUX chep Ta KiJIbKOCTi aTOMIB, SIKi MiCTIThCSI B HUX. Ha OCHOBi KOMITIOTEPHUX MOJIeIeN
PO3I171aBiB 6yJI0 O0YMCIIEHO He3alHATUI aToMaMy 00'eM B paMKax Teopii BiJIbHOro 06’eMy Ta JipKoBoi Moaei
posmnasib. [loka3zaHo, MO BiIbHUI 06’eM B MeKax NEPIIOi KOOPAUHALNHOI cpepy Mae MEHIIi 3Ha4eHHsI IOPiBHSHO
3 BiJIbHUM 00'€MOM, 00UYMCIIEHNM Ha GiJbIIil BiiCTaHi, a TAKOXK CepelHiM BiJIbBHUM 00'€MOM y MeXXax CILJIaBY.
BcTaHoBJI€HO, 1110 /1715 BiJIbHOTO 00’€MY, OOGUKCIIEHOTO B MesKax IepIoi KoopAuHaliiiHoi cepu, xapakTepHi
HEMOHOTOHHI 3MiHM 3aJIESKHO Bif] BMiCTy KOMIIOHEHT CILJIaBY, TOJi SIK MOTO 3aJIEXKHICTD Bifl TEMIIEPATypU €
6JIM3BbKOIO [0 JIiHINHOI. Y BUNALIKy CUCTEM, [JIS SIKUX XapaKTepHe (POPMYyBaHHS XiMiUHUX CIIOJIYK B KPUCTAJIIYHOMY
CTaHi BUSIBJICHO, 110 OCHOBHUI BIUIMB HA BEJINYMHY BiJIbHOTO 00'€MY ITiCJIs IIJIaBJIEHHS Ma€ B3aEMOJIisl aTOMIB
pi3HOro copTy, B pe3yJIbTaTi 4oro BiibyBaeThCsi POPMYBaHHS KJIACTEPIB 3 XiMIYHUM BIOPSAKYBAHHSIM. [I71s1 cucteMu
Co-Sn BCTaHOBJIEHO HEMOHOTOHHY 3aJI€XKHICTh CTPYKTYPHUX ITapaMeTpiB Ta BiIbHOTO 06’€éMy B MeXKax MepIIoi
KOOpJMHALiHOi cepu BiJ BMiCTy KOMIIOHEHT. TOUKM NIEPETMHY TEMIIEPATyPHUX 3aJI€XKHOCTEN BIIBHOTO 06'€My B
MesKax OJIMKHBOTO MOPSIIKY BiATIOBINAOTh KOHIIEHTPALIisIM CIIJIaBiB, KJIaCTepH SIKUX GOPMYIOTh CTPYKTYPY
posmniasiB cuctemu Co-Sn. BcranosiieHo, 110 JoaBaHH HIiKeJo 10 po3niaBy Al-Si 3yMOBIII0€ 3MEHIIEHHS
BiJILHOTO 06'€MY 32 paXyHOK PO3MillleHHSI aTOMiB HiKeJIl0 B IOPOKHMHAX 6a30BOTr0O po3IaBy. [[pU4MHOIO LIbOTO €
IepeBakaroya B3aeMOJIisl Mi’K aTOMaMU HIKeJII0 Ta OJHOYaCHO ayIIOMiHiI0 Ta KPEMHIIO. Y ILOMY BUIIaJIKy MOXKEMO
TOBOPUTHU PO TaK 3BAaHUII «3IMBAIOYMI» BIIMB HIiKeJI0 Ha CTPYKTYpY po3miasiB cuctemu Al-Si. [TokazaHo, mo y
BUIIAJIKy KOMIIO3UTIB 3 PiIKOI0 MaTPHULEIO BiIbHUI 00’€éM BU3HAYAETHCS FOJIOBHO 30i/IbLIIEHHSM CTYIIEHSI aTOMHOTO

BIIOPSIIKYBAHHS PO3IUIABY HA MEXi 3 KPUCTAJIIYHUMU YaCTHHKAMMU.

2. The work is devoted to solving fundamental and practical problems related to the establishment of the
relationship between the structure of the short-range order and the free volume in metal melts. The work contains
the results of X-ray diffraction research, computer modeling and free volume calculation of metal melts as well as
two- and three-component alloys and composites based on them. In addition, the structure and free volume of
liquid-phase composites with a metal matrix were studied. In order to study the atomic structure of melts, we
used the analysis of temperature and concentration dependences of full and partial structural parameters
(interatomic distances and coordination numbers). The free volume of the alloys in the liquid state within the short
order was calculated using the values of the radii of the first coordination spheres and the number of atoms
contained in them. On the basis of computer models of melts, the volume not occupied by atoms was calculated
within the framework of the theory of free volume and the hole model of melts. It is shown that the free volume
within the first coordination sphere has smaller values compared to the free volume calculated at a greater
distance, as well as the average free volume within the alloy. As a result of the study of liquid metals, which are
characterized by dense packing of atoms in the crystalline state and in a small range of temperatures after melting,
it was found that the change in main structure parameters is mainly due to an increase in the size of the
intercluster region, the degree of ordering of which is smaller compared to clusters, and the change in free volume
within the first two coordination spheres is determined mainly by changing the boundaries of the first and second
coordination spheres without changing the coordination number. For the eutectic systems Sn-Bi and Sn-Pb, it was
shown that the dynamics of the change in free volume with the temperature of the melts as well as the
temperature dependences of the structural parameters, indicates the transition from cluster to atomic solution. In
the case of eutectic systems with a predominant content of one of the components, the microhomogeneity of the
atomic structure is due to the formation of clusters that form around atoms whose concentration in the eutectic is
lower. Analysis of the results obtained by both experimental methods and methods of structure reconstruction
makes it possible to explain the mechanism of structure formation and free volume transformation of melts with a
tendency to segregation of components. Results of the free volume calculation for Bil00-xZnx alloys indicate a
significant difference between the free volume calculated within the first coordination sphere and the average free
volume per atom. This difference in the values of free volume indicates a significant degree of heterogeneity of the
studied melts, which is due to their cluster structure, which leads to the formation of two types of atomic
ordering. Using the method of reconstruction of the structure of the Ga0,7Bi0,3 melt for different temperatures,
the destruction of large cavities during the transition of the liquid from the microheterogeneous to the



homogeneous state was established. In the case of systems which are characterized by the formation of chemical
compounds in the crystalline state it was found that the main influence on the value of free volume after melting is
the interaction of atoms of different types resulting in the formation of clusters with chemical ordering. For the
Co-Sn system, a nonmonotonic dependence of structural parameters and free volume within the first coordination
sphere on the content of components is established. The inflection points of the temperature dependences of the
free volume in the frame of short-range order correspond to the concentrations of alloys whose clusters form the
structure of the melts of the Co-Sn system. It has been found that the addition of nickel to the Al-Si melt reduces
the free volume by placing nickel atoms in the cavities of the base melt. The reason for this is the predominant
interaction between nickel atoms and simultaneously aluminum and silicon. In this case, we can talk about the so-
called crosslinking effect of nickel on the structure of the melts of the Al-Si system. Studies of the structure of
composites with a liquid metal matrix made it possible to conclude that the degree of ordering of atoms increases
due to the effect of surface compaction of the liquid structure observed on the free surface of the liquid or at the
liquid-crystal interface. The compaction of the composite structure, we have found, is accompanied by a decrease
in free volume within the short-range order. Despite the fact that the introduction of nano- and microparticles
promote the increasing of the degree of microinhomogeneity at the mesoscale, at the atomic level there is a
decrease in free volume with increasing content of crystalline particles.
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