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1. OCco6MBOCTI OTHOYACTUHKOBOI Ta KOJIEKTUBHOI TMHAMIKY B METAJIIYHUX PO3I1JIaBaX IIPU HOPMAJIbHUX Ta BUCOKUX

THCKaX
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Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHa JOCTiIKEHHIO ITOBELiHKN OJJHOYaCTUHKOBOI Ta KOJIEKTUBHOI JUHAMIKU Y
pioKuxX MeTasax 32 HOPMaJIbHOTO Ta BUCOKUX THCKiB BUKOPHUCTOBYIOUM KOMII'IOTEPHE MOJEJIIOBAaHHS METOLIOM ab
initio MoJsiekyssIpHOI JHaMiKU. B pamMkax mMeToay [epuoNpUHLUITHOTO KOMIT'IOTEPHOTO MOZE/I0OBAHHS PO3IJISTHYTO
PS METAJIB y PiIKOMY CTaHi, a came, po3mniuas Tl 3a HOpMaIbHOTO TUCKY MTOOJIN3Y TEMIIEPATYPU IJIaBIEHHS,
poamiasu Pb, In Ta Al B3oBxK JTiHii TI71aB/eHHs, Ta po3nasu Si ta Na B3moBxk i3oTepM. Y MeTozax ab initio
MOJIEKYJISIPHOI AMHAMIKY eJIeKTPOHHA I'yCTUHA PO3IJISIAA€THCS SIBHO B paMKax Teopii QyHKIioHany rycTuHu. [
KOXHO] iOHHOiI KOHQirypalii 3HaxoIATbCsl 0JHOYACTUHKOBI XBUJIbOBI (PYHKIIii Ta €JIEKTPOHHA [YCTUHA 3 HUX, 110
I03BOJIsIE BcTaHOBUTHU cuiy ['ennmana-®eriHmana, ki IiloTh Ha ioHu. Takuii mifgxig qae TOYHIi pe3yapTaTil Ipu

IOCJIiIKeHHI MeTaJIiYHUX CUCTEM Yepe3 MOXKJIMBICTb IIPAaBUJIBHOTO BpaxyBaHHS MUTTEBUX KOHQIrypariil ioHiB i



€JIEKTPOHHOI IryCTUHU. [lepeBaru BUKOPUCTaHHS IEPHIONPUHLINAIIHOIO KOMIT'FOTEPHOTO MOEIIOBAHHS OCOOIMBO
TIOMITHi IpY JOCJIII>)KEHHI PiTKUX METaJliB 32 BUCOKUX TUCKiB. Ha OCHOBI OTpUMaHUX 3 KOMII' IOTEPHOTO
€KCIIEPUMEHTY JJAaHUX JOCJiI)KeHO OCOOINBOCTI KOJIEKTUBHOI IMHAMIKU CUCTeM, ii KOpeJIsLilo 3 0JHOYaCTUHKOBOIO,
XapaKTEPUCTUKU CTPYKTYPH, a TAKOX BILJIUB JIOKAJIbHOI CTPYKTYPH Ha IMHAMIKY Y PO3IVISIHYTHX PO3IJIaBax. 3
BM3HAYEHMX B XOJli MOJEJIIOBAHHS I10JIOXKEHD Ta MIBUJKOCTEN YaCTUHOK PO3PAaXx0BaHO 4aCOBi KOPEJISLIiNHI QyHKIL]
IOTIK-TIOTIiK Ta rycTUHa-TycTrHa. OCTaHHI MOB'sA3aHi 3 TUHAMIYHUM CTPYKTYPHUM (PAKTOPOM — (PYHKIII€IO, SIKY
OTPUMYIOTb 3 €KCIIEPUMEHTIB 110 HEIIPYKHOMY PO3Cil0BaHHIO HEUTPOHIB 200 PEHTI€HiBCbKUX TPOMEHIB. BusBieHo,
110 YaCTOTHUI CIEKTP KOPEJIALINHOI (PYHKIii IONIepEeYHOro NOTOKY JEMOHCTPYE MPUCYTHICTb ABOX IiKiB AJIS yCiX
IOCJiIKeHUX PO3IIJIaBiB 3a Pi3HUX TEPMOAMHAMIYHUX YMOB. [Ipu 1jpboMy, faHuil epeKT criocTepiraeTbcs nuiie 3a
BEJIMKUX XBUJIbOBUX YMCEJL, 11032 MEKaMU NEPIIOi [ICeBA030HU bpintoena. JJocigKeHHs IPUCYTHOCTI
IHTpPaMOJIEKYJIIPHUX 3B'A3KiB Y piikoMy Pb B3110BX KpUBOi My1aB/ieHHs Y fiana3oHi TuckiB 0-70 I'Tla Ha OCHOBI
aHasi3y HailbIMKIMX CYCifliB TI0KA3aJlo, MO B PO3IJIaBi IPUCYTHI Pi3HOMaHITHI CTPYKTYpHi yTBOPEHHS], XapaKTePHi
L7151 KpUCTAJIIYHMX CUCTeM. AHaJli3 TONoJIoriyHOi KOHQIrypauii Takux CTpyKTYPHUX YTBOPEHb BUSIBUB, 110 32 Pi3HUX
THCKIB y PO3ILJIaBi BOHM MalOTh Pi3HY lepeBakalody KoHirypauito. [Ippyomy, Taka nepepakaroda KoHQirypatis
BiATIOBiZlae CTPYKTYypi KpUcTaniyHOro Pb 3a BinnosigHOro TMcKy. BeraHoBseHO, mo nie 40% 3 ycix BUSBIEHUX
CTPYKTYPHUX yTBOPEHb MalOTh IIPUTAMaHHY PifKiil ¢asi ikocaegpuyHy KoHpirypario. Posnnas Si gocuinxkeHo y
nianazoHi Tuckis 10,2-27,5 I'Tla. Po3paxoBaHni napHi ¢pyHKLii po3noainy aJs pigkoro Si B3LOBX i30T€pMU 32 Pi3HUX
THCKIB JJEMOHCTPYIOTb CTiMKiCTh 3HAUEHHSI CepeIHbOI Mi’)KaTOMHOI BifiCTaHi y Nepiiil KoOOpAXHALiMHINA cepi.
JaHui1 pe3ysbTaT OBTOPIOE PE3YJILTAT NOCIIIPKEHHS PO3IIIABY Si B3IOBX KPUBOI IIJIABJICHHS Y Oialla30Hi TUCKIB
4-23 I'Tla meTonoM audpakii peHTreHiBCbKUX IpoMeHiB. [Ipy 11boMYy, pO3paxoBaHi CTaTUYHI CTPYKTYPHI pakTopu
L7151 yCiX TUCKIB IEMOHCTPYIOTh [IPUCYTHICTD I7Ie4a 6ijisl nepmoro Makcumymy. Taki faHi cBiguaTh Npo iCHyBaHHS
KOBaJIEHTHUX 3B'A3KiB MK aToMaMu Si Ta 4aCTKOBO TETPAEAPUYHOTO BIOPSAAKYBAHHA Y LIMPOKOMY Iiara3oHi TUCKIB.
JocminKeHHs TpUYacTUHKOBOI PYHKLII po3nofiny Mokasaso, o y po3ijasi Si IpucyTHE TeTpaeipuyHe
BITOPSIAKYBaHHS, IKE 3MEHIINYETLCS 31 3DOCTAHHAM THUCKY, B TOM 4Yac SIK IPUTaMaHHE piinHaM ikocaegpuyHe
BIIOPSIAKYBaHHS 30iJIbIIY€ETHCS 3i 3DOCTAaHHSIM TUCKY. JIJ1s1 BCTAaHOBJIEHHS OCOOJIMBOCTEN OQHOYACTUHKOBOI
IVHAMiKU TOCJIiIKEHNX PO3IIABIB PO3PAaX0BAaHO YaCTOTHI CIIEKTPU aBTOKOPEJIALINHOI (QYHKIi IIBUIKOCTEN.
BussiieHo, 0 TaKuii CIIEKTP MOKE MICTUTH JiBa MiKMU 32 IPUCYTHOCTI JBOX BiTOK Ha AUCIEPCII IONEPEeYHUX
KOJIEKTUBHUX 30y/>K€Hb. [Ipy LIbOMy, TEMIIEpATypa B CUCTEMI He BILJIMBAE Ha I10JIOXKEHHSI MAKCUMYMIB TaKMX ITiKiB.
[TpoBeeHMI aHAI3 YaCTOT NOMKPEHHS OJHOUYACTUHKOBUX Ta KOJIEKTUBHUX 30yIKEHb [10KA3aB, 110 IS yCixX
TOCIIIPKEHNX METaliB 32 Pi3HUX TEPMOAVHAMIYHUX YMOB ITOJIO)KEHHS MAKCUMYyMIB Ha YaCTOTHOMY CIIEKTpi
aBTOKOPEJISILIIMHOI PYHKLIi IBUAKOCTEN CIiBIAJAIOTh 3 XapaKTEPUCTUYHMMH YaCTOTaMU MONEPEYHUX KOJIEKTHBHUX
Moz, Takui pe3ysabTaT CBIGUUTD [IPO IIPAMUN [IPOSB [IONIEPEYHOI KOJIEKTUBHOI IVHAMIKY y MTOBEAIHI]
OJHOYAaCTUHKOBOI AVHAMIKM PiIKAX METAJIiB T CYIIEPEYUTD IIONIEPELHIM TilIOTe3aM, 1€ OLMH IIiK PO3IJISIABCS SIK
HACJIiJIOK MO30BXKHIX MOJ, a IPYTUN — NONEePeYHUX. JJOCIiI>KeHHS KOJIEKTUBHOI JMHAMIKY PiIKAX METAJIiB Y
Pi3HUX TEPMOJMHAMIYHMX TOYKAX JO3BOJIMJIO BCTAHOBUTH, 1110 3HAYEHHSI XapaKTePUCTUYHOI 4aCTOTH
BMCOKOYAaCTOTHOI BiTKM JUCIIEPCii NONepeYHNX KOJEKTUBHUAX MOJ, JIIHITHO 3pOCTae 3i 30iIbIIEHHSIM I'YCTUHA
cucremu. [Ipy IbOMY IIOKa3aHO, IO AaHa 3aJIEKHICTh € YHIBEPCAIBbHOIO AJIS1 METaiYHUX PO3ILIaBiB. binblie Toro,

BUSIBJICHO, 110 HAXMJI TAKOi JIIHIMHOI 3aJ1€;KHOCTI OHAKOBUH [IJIs1 YCiX NOJIIBAJIEHTHUX METAJIIB.

2. The thesis is devoted to the study of single-particle and collective dynamics in liquid metals at normal and high
pressures via computer simulations within ab initio molecular dynamics. A number of metals in the liquid state,
namely, the molten Tl at normal pressure near the melting temperature, liquid Pb, In and Al along the melting lines,
and liquid Si and Na along some isotherms are investigated by first-principle computer modelling. In the methods
of ab initio molecular dynamics the electron density is considered explicitly within the density functional theory.
For each ionic configuration, one estimates one-electron wave functions and the electron density from them,
which allows one to calculate the Hellman-Feynman forces acting on the ions. This approach gives more accurate
results for metallic systems due to account for the instantaneous configurations of ions and electron density. The
advantages of application ab initio computer modelling are especially noticeable in the study of liquid metals at
high pressures. Based on the data obtained from the computer experiment, the features of the collective dynamics,



its correlation with single-particle one, the features of the structure and their effect on the dynamics in
considered melts are investigated. From the trajectories and velocities of the particles determined during the
modelling, current-current and density-density time correlation functions were calculated. The latter are related
to the dynamic structure factor that can be measured by inelastic X-ray or neutron scattering experiments. It is
found that the frequency spectrum of the correlation function of the transverse current shows the presence of
two peaks for all investigated melts with different thermodynamic conditions. Besides, this effect is observed only
at large wave numbers, outside the first pseudo-Brillouin zone. The study of the presence of intramolecular bonds
in liquid Pb along the melting curve in the pressure range 0-70 GPa via the common neighbours analysis showed
that there are various structure clusters in the melt with similar to the crystalline short-range structures. Analysis
of the topological structure of such clusters shows that different predominant configuration emerges in system at
different pressures. Moreover, this predominant configuration corresponds to the structure of crystalline Pb at the
appropriate pressure. It was found that almost 40% of all detected structural clusters have the icosahedral
configuration appropriate to liquid and glass phases. Liquid Si was investigated in the pressure range of 10.2-27.5
GPa. Pair distribution functions for liquid Si along the isotherm at different pressures were calculated. Curves
show the constant value of the mean distance between the two nearest neighbours. Same result was previously
obtained in the study of the Si melt along the melting curve in the pressure range of 4-23 GPa by X-ray diffraction.
Besides, the calculated static structural factors for all pressures demonstrate the presence of the shoulder near
the first maximum. Such data indicate the presence of covalent bonds between Si atoms and partially tetrahedral
ordering in a wide range of pressures. The study of the bond-angle distribution functions showed that there is a
tetrahedral ordering in molten Si, which decreases with increasing pressure, while the icosahedral ordering
increases with increasing pressure. The frequency spectra of the autocorrelation velocity function were calculated
in order to study the features of the single-particle dynamics of the investigated melts. It was found that such
spectra may contain two peaks simultaneously with the presence of two branches in the transverse collective
excitations dispersion. In addition, the temperature in the system does not make an effect on the peak maxima
positions. The analysis of single-particle and collective modes frequencies showed that for all investigated metals
with different thermodynamic conditions the positions of the maxima on the frequency spectrum of the velocity
autocorrelation function coincide with the characteristic frequencies of transverse collective modes. This result
indicates a direct manifestation of the transverse collective dynamics in the single-particle dynamics of liquid
metals and contradicts with the previous hypotheses, where one peak was considered as a consequence of
longitudinal modes and the second as a consequence of transverse modes. The study of the collective dynamics of
liquid metals at different thermodynamic points revealed that the value of the characteristic frequency of the high-
frequency transverse collective modes dispersion branch increases linearly with increasing density of the system.
It is shown that such dependence is universal for all metallic melts. Moreover, it was found that the slope of such a
linear dependence is the same for all polyvalent metals.
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