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HucepTrartiitna podboTa IpUCBsAYeHa JTOCIIZKEHHIO MTOBEIIHKI OJIHOYACTUHKOBOT Ta,
KOJIEKTUBHOI JMHAMIKMA y PIAKUX MeTajaX 3a HOPMaJbHOI'O Ta BUCOKUX TUCKIB BUKO-
PUCTOBYIOUHM KOMII' IOTEPHE MOJIEIOBAHHA METOJIOM ab tniti0 MOJIEKYISIPHOI JUHAMIKU.

B pamMkax MeTo,1y HEpIHIONPUHITUITHOIO KOMII I0TEPHOI0 MOJIE/TIOBAHHST PO3IJISTHY-
TO psiJi MEeTaJIiB y piJIKOMY cTaHi, a came, po3iias T1 3a HOpMaJILHOIO THCKY TTOOJIN3Y
TeMIlepaTypH IaBieHHs, posmiaBu Pb, In ta Al B3goBk JIiHIl miaBjieHHs, Ta pPO3-
miaBu Si Ta Na B3110BK i30Tepm. Ha Binminy Bij MeTojy KJIaCHYIHOI MOJIEKYJISAPHOL
JMHAMIKH, e eJIeKTPOHHA IIiICHCTeMa BPaXOBYEThCs e(PeKTUBHO Y ITapHOMY IIOTEeHIIi-
aJli Mi2>KaTOMHOI B3aeMO/Iil, y MeTojiaxX ab tnitio MOJIEKYJIsIpHOI JUHAMIKN €/IeKTPOHHA
I'YCTUHA PO3IVIAJIAETHCA SIBHO B paMKax Teopil (pyHKIIOHAJY TycTuHH. J[1d KoXKHOT
iorHOI KOoHMIrypalil 3HaX0AAThCsI OJHOYACTUHKOBI XBIUJIbOBI (PYHKIII Ta €JIeKTPOHHA
I'YCTUHA 3 HUX, IO JI03BOJIsIE BCTaHOBUTH cuin [esmmana-Peiinmana, ski JIII0TH Ha 10-
. Takwmil miaxig gae TOIHII pe3yabTaTi IPU JOCTIIYKEHHI METAJIYHIX CICTEM Yepes
MOXKJIUBICTh NPaBUJILHOTO BpaxXyBaHHS MHUTTEBUX KOHQIrypaliil i0HIB 1 eJIeKTPOHHOI
rycrunu. [lepeBaru BUKOpuUCTAHHS MEPIIOTPUHITUITHOIO KOMIT FOTEPHOTO MOJIETIOBAHHSA
0COOJIMBO MTOMITHI IIPU JOCJIIJI?KEHH] PIJIKIX MeTaJliB 38 BUCOKUX TUCKIB.

Ha ocHoBi oTpuMaHux 3 KOMII'IOTEPHOIO €KCIIEPUMEHTY JaHUX JOCJIIIKEHO 0CO-
OJIMBOCTI KOJIEKTUBHOI JIMTHAMIKI CHCTEM, 11 KOPEJISINIo 3 0JITHOYACTUHKOBOIO, XapaKTe-
PUCTUKU CTPYKTYPH, & TaKOXK BILIUB JIOKAJIbHOI CTPYKTYPU Ha JUHAMIKY y PO3IJIs-
HYTHX PO3ILIaBax. 3 BU3HAYEHNX B XOJ1 MOJIEJTIOBAHHSA OJIOXKEHD Ta IMIBUIKOCTEN da-
CTUHOK pPO3PAXOBAHO YacOBI KOPEJAMiiiHI (PYHKINI MOTIK-TIOTIK Ta T'YCTUHA-TYCTHHA.

OcranHi 1oB’sI3aHi 3 JIUHAMIYHUM CTPYKTYPHUM (PaKTOPOM — (DYHKIIIEI0, SIKYy OTPH-
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MYIOTb 3 €KCIIEPUMEHTIB 110 HEIIPYKHOMY PO3CiIOBaHHIO HEHTPOHIB a00 PEHTIEeHIBChKIX
npoMeHiB. Takuil 3B’ s30K J103BOJISIE TOPIBHIOBATH PE3YJILTATH KOMIT IOTEPHOTO MOJIEJTIO-
BaHHS 3 peajlbHUMU eKClIepUMeHTaMU.

CranJapTHIM ITPOSBOM KOJIEKTHBHUX 30Y/2KeHb B CUCTEMI € IPUCYTHICTH MKy Ha
JACTOTHUX 3aJIE2KHOCTAX TO3JI0BXKHBOI Ta MOMEPEIHOI CIEKTPAJIbHOI (DYHKIIT TOTOKY
3 BIJIIOBIJIHUM XBUJIBOBUM YUCJIOM, & IIOJIOKEHHS MAKCUMyMYy TaKOI'O II1KY BIJIIIOBI-
JIa€ JacTOTI MOIMUpPEeHHs 30y/zKeHHs. BusBiieHo, 10 9acTOTHUI CIIEKTP KOPEJIATiiTHOT
pyHKIT ToepevHoro moToKy JAeMOHCTPYE MPUCYTHICTH JBOX MIKIB JIJIA YCIX JTOCITi-
JIKEHUX PO3ILIABIB 38 PISHUX TepMOJMHaMIYHIX YMOB. IIpu 1ibomy, maHunii edpexT cro-
CTepiraeThed JINIIE 3a BEJMKUX XBUJILOBUX YHUCEN, 11038 MeKaMU IepIol CeBI030HN
Bpimoena. Taka gBoIIKOBa CTPYKTYpa MPOABIAETbCA Y BUIJISIL IBOX BITOK Ha JTUCIIEP-
cil morepevyHnX KOJIEKTUBHUX MoJI. /lannii edpekT OyB Brepiie moMivdeHni y Helo/1aBHii
POOOTI 1O TOCTIIZKEHHIO PiAKOro Li MeToI0M MepIIonpuHIIMITHONO KOMIT IOTEPHOTO MO-
JIeJIIOBAHHS 38 BUCOKUX THUCKIB. Y JIaHIiil AucepTaliiiHiii poOoTi IPOoIeMOHCTPOBAHO, IO
Taknit epekT CIocTepiraeThcsi HaBiTh 3a HOpMaJbHOrO THCKY s piakux T1, Al Ta
In. IIpu npomy, mokazaHo, 1o oOu/IBl BITKM MaloTh O€3/UCIEPCHUIT XapaKTep, TakK, 110
MOXKHA BUJILINTH 1X XapakTepucTudHi dactoru. Cepeji MOXKINBUX (PIZMIHUX MeXaHi-
3MIB JIAHOTO e(DeKTY pO3IJIAIAI0Th B3aE€MOJIIO MO3/I0BXKHIX Ta IONEPEUYHNX MOJ] ado
IPUCYTHICTD y CHCTEMI KOPOTKOXKUBYUNX MI>KQTOMHUX 3B’sI3KiB.

Hocmipkenns mo3/10BKHBOT InHaMiki po3iiaBy 11 3a HOpMaJILHOIO THCKY 3a
JIOTIOMOIOI0 MeTOty Tijronku cymneprosuiieo jgsox DHO (3racarouwii rapMmoHivHmii
OCIUJISATOP) Ta B paMKax I'ITU3MIHHOT MOJIeJIi y3araJbHEHNX KOJEKTHBHIX MO/I OKa-
3aJ10, M0 Y PUIYKTYyallisdX M03/I0BXKHBOTO IIOTOKY ITPUCYTHII JINIIE OJUH TUIT AKYCTHIHOT
Moyu. [lpu mmboMy, BUABIIEHO TOJATKOBY TO3/IOBXKHIO MOJY, dKa BIANOBIIAE 3a MOIIN-
PEHHS TEIJIOBUX XBUJIb.

HagsricTb cTifIKUX IHTPaMOJIEKYJISIPHAX 3B’ A3KIB Y MOJIEKYJIAPHUX PIAUHAX BU-
3HaYa€ POTAIIIHUX PYX MOJIEKYJI, SKUIl € OHUM 3 MeXaHi3MiB B3a€MOJI1l MizK 1103/10B-
JKHIMHI Ta, TIOTIePEeIHNMI KOJTeKTUBHUME 30y IZKeHHAME. J[0C/TiI2KeHHs TPUCYTHOCTI Ta-
KX 3B’ g3KIB y pijgikomy Pb B310B2K KpuBoi miasennd y miamazoni Tuckis 0-70 ['[1a na

OCHOBI aHaJ/Ii3y HaMOJIMKUINX CYCiJIIB ITOKa3aJ10, 1110 B PO3ILIaBI IPUCYTHI pi3HOMAHITHI
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CTPYKTYPHI yTBOPEHHSI, XapaKTepHI JJIsT KPUCTATIIHIX cucTeM. AHAaJI3 TOMOJIOTIIHOT
KoHIrypaliil Takux CTPYKTYPHUX YTBOPEHb BUSIBUB, IO 3a PI3HUX TUCKIB y PO3ILIaBi
BOHU MalOTh Pi3HY IlepeBazkKaiouy KoHdiryparito. [Ipudomy, Taka mnepeBarkatoda KOH-
dirypariis Bijnosijgae cTpykTypi Kpuctajaidaoro Pb 3a Bijnosignoro tucky. Beranos-
neno, mo Jmmte 40% 3 ycix BUSIBJIEHUX CTPYKTYPHUX YTBOPEHb MAlOTh HPUTAMAHHY
piakiit dasi ikocaeapuuHy KOHMIryparlito.

Posmnag Si nociimkeno y mgiamazoni Tuckis 10,2-27.5 I'lla. OcobuBicTs JaHOrO
Jlialla30Hy IMOJSIrae y TOMY, IO JOCTIIXKYBaHa i30TepMa nepedyBae Haa MiHIMYMOM JIi-
Hil IJIaBJIEHH, Jie BiJI0yBaeThes (pa30BUil mepexij y KpucraaidnoMy Si. bibie Toro, y
JIAHOMY JIialla30Hi TUCKIB KpUcTaJidHuii Si Mae Tpu ¢azosi nepexoyn. Taka dpaszosa 1o-
BeJIiHKa, 1HII[iI0€ TOIYK BiAIOBIIHUX CTPYKTYPHUX IIePETBOPEHD Y PijIKiii dasi, 1101i0H0
JI0 TOro 4K Iie BugBjeHo y Pb. Po3paxoBani naphi (pyHKIIIT po3mo/iiiy s pijgkoro Si
B3JI0B2K 130T€PMHU 38 PI3HUX TUCKIB JEMOHCTPYIOTh CTIIKICTh 3HAYEHHS CEPEJIHbOI M12K-
aTOMHOI BijicTaHi y mepimiiii koopauHatiitHiit cdepi. Taka moBejliHKa IIOJIOXKEHHS IIep-
IIOr0 TIKY IMapHol (PYHKINI pO3IO/ILITY 30€piracThcd HABITH IMPU 3HAYHUX 3MIHAX TUCKY
y cucreMi. Jlannit pe3ysbTaT HOBTOPIOE PE3Y/IbTAT JIOC/IIXKEHHs PO3ILIaBy Si B3/I0BXK
KPUBOI ILJIaB/IeHHd y jianasoni TuckiB 4-23 I'Tla merojom mudpakiiii peHTreHIBChbKIX
npomeniB. [Ipu 1mbomy, pospaxoBaHi cTaTHYHI CTPYKTYPHI (DAKTOPHU JjI YCIX TUCKIB
JIEMOHCTPYIOTH TPUCYTHICTD I1jIeva 611 repiinoro Mmakcumymy. Taki jaHi ¢BidyaTh mpo
icHyBaHHSI KOBaJIGHTHUX 3B’SI3KiB Mi2K aToMaM$ Si Ta, YaCTKOBO TETPAEIPUIHOIO BIIO-
PSAKYBaHHS Y IIHPOKOMY Jliala3oHi TUCKIB. JlocTizKeHHsa TpuiacTUHKOBOI (DYHKITIT
PO3IIOIIY TTOKa3aJ10, 10 y PO3ILIaBl Si IPUCYTHE TeTpaeapuiHe BIIOPSIKYBAHHS, STKe
3MEHIIYEThCS 31 3POCTaHHSIM THUCKY, B TOI 4ac gK IpUTaMaHHe PlInHAM 1KocaepuiHe
BITOPSAJIKYBaHHS 301JIbIITYETHCS 31 3pOCTAHHAM TUCKY. Po3paxoBaHe 3HaUYeHHsT KOOP/IU-
HAITHOrO 4nc/ia JUIsl PO3ILIaBY Si B3JIOBXK 130T€pPMU JIEMOHCTPYE JIiHIifIHE 3pOoCcTaHHg
y mianazoni TuckiB 10,2-16,6 ['[la Ta Buxix Ha 1mraTo 3a OLILIUX THCKIB. [Ipu mpomy,
yci 3a3HadeHi PYHKINT, gKi XapaKTepu3yloTh JOKAJIbHY CTPYKTYPY V PiAKOMY Si, J0-
caijizKenoMmy B370BK 13oTepmu 1150 K y mianazoni tuckis 10,2-27,5 I'lla, ne Bugsuin
OyJIb-IKUX KOPEJISIiil 31 3MiHOIO CTPYKTYPU KPUCTAJIYHOTO Si y IIBOMY 2K Jlialla30Hi.

3Bakaloun Ha Te, 110 JUCIIEePCis IMONePeIHNX KOJEKTUBHUX 30YIKEeHb PiJIKOro Si
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MICTUTB JIBl BITKM 3a YCIX JIOCJIIJIKEHUX TUCKIB, TO HasIBHICTb KOBAJICHTHUX 3B’SI3KiB
MOKe OyTH MEXaHI3MOM IIOsIBU JPYIOTrO THIIY IOIEPEeUYHUX KOJEKTUBHUX MOJI.

J171s1 BCTAHOBJIEHHSI OCOOJINBOCTEl OJIHOYACTUHKOBOI JIMHAMIKH JIOCII?KEHUX PO3-
IJIABIB PO3PaxOBaHO YaCTOTHI CIEKTPH aBTOKOPEJIAIiitHOI (pyHKIT miBuKocTeil. Bu-
SBJIEHO, IO TaKUil CIIEKTP MOKe MICTUTH JiBa MIKM 3a IPUCYTHOCTI JIBOX BITOK Ha
JIACIIepCii TolepeyHnx KOJIeKTUBHUX 30y KeHb. [Ipu nmpoMy, Temieparypa B CHCTeMi
He BILIMBA€E Ha IMOJIOKEHHsI MaKCUMyMiB Takux MikiB. Ha BijgMminy Bij MeTasiB y Kpu-
craivniit dasi, Je Takuil CrIeKTp BIANOBIIAE€ TYCTHHI KOJUBHUX CTaHIB 3 THUIIOBOIO
IIOBEJIIHKOIO 3riJIHO 3 Teopieto [lebasi, y piIKUX MeTajax 3a paxXyHOK IIpoleciB Judysil
TaKnii CIEeKTP MICTUTH peJlakcalliifHy MoJly Ta Mae HeHYyJIbOoBe 3HaUeHHS 3a HYJIbOBOI
JaCTOTH, SIKe BU3HAYAETHCsI KoedimieHToM audy3ii. 3a JOCUTh BUCOKIX 3HAUEHb OCTAH-
HBOT'O BHECOK BiJI AU Y3iiHOI MOJIN Y CIIEKTP aBTOKOPEJISIIHOI (DYHKIIIT MIBUIKOCTEIH
IepeKpuBaEe HU3bLKOYACTOTHUI MK Ta 3aBazKae PaBUILHOMY BCTAHOBJIEHHIO MOJIOXKEHD
nikiB. BpaxysaTu januit epekT 103B0JIsi€ MOJIEb JBOX (ha3, BAKOPUCTAHHS SIKOI 3a0€3-
Ievye siKiCHe PO3JILICHHST YaCTOTHOIO CIIEKTPY aBTOKOPESIIHOT (DYHKIIIT MBUIKOCTEH
Ha peslakcaliiiny Mo/ly Ta KOJUBHY I'yCTUHY CTaHiB. Taka mporie/1ypa 103BOJIs€ TOUHIIIe
BU3HAYATH TOJIOXKEHHST MAKCUMYMIB YaCTOTHOI'O CIIEKTPY OJIHOYACTUHKOBUX KOJIMBaHbD.
[IpoBeiennit anasiiz 9acTOT MOMTMPEHHS OJHOYACTUHKOBIX Ta KOJIEKTUBHUX 30Y/I2KEHb
[oKaszaB, IO JIIsl YCIX JOCJIZKEHUX MeTaJliB 38 PI3HUX TePMOJIUHAMIYHUX YMOB I10JIO-
JKEHHsI MaKCUMYMiB Ha 4aCTOTHOMY CIIEKTPI aBTOKOPEJSIIIHOT (PYHKINT MBUIKOCTEH
CIIBIAJAIOTH 3 XaPaKTePUCTUIHUMHI YACTOTAMU IOIIEPEUHIX KOJEKTUBHIX MO, Takuit
pPe3yAbTAT CBIIYUTD PO MPAMUIT TPOSIB MONEPEYHO] KOJIEKTUBHOI JIMHAMIKHI Y TIOBE/I1H-
Il OJTHOYACTUHKOBOI JIMHAMIKHU PIJIKUX METAaJIB Ta CYlNepeunTh IOIepeHIM TiIoTe3aM,
Jle OJINH MK PO3IJISIABCS K HACJIIOK MMO3/I0BXKHIX MOJ, a JIpYyruil — IonepeyHux.

Jocmiizkennsa KOJEKTUBHOI JUHAMIKU PIIKUX MeTaJIB y PI3HUX TePMOIITHAMIY-
HUX TOYKAX JI03BOJINIO BCTAHOBUTH, 1110 3HAYEHHS XapaKTePUCTUIHOI YACTOTU BUCOKO-
YaCTOTHOI BITKH JIUCTIEPCIT TONEPEIHNX KOJCKTUBHIX MO/ JIIHIHO 3pocTae 31 301/1bIIIe-
HHAM rycTuHu cuctemu. [Ipn nbomy mokaszano, 1o jiana 3ajeKHicTh € YHiBepcaIbHOIO
JUIA MeTaJIIIHUX PO3ILIaBiB. Bijbllle TOro, BUsIBIEHO, IO HAXMJI TAKOl JIHIMHOI 3aJIe-

JKHOCT1 OJTHAKOBUI JIJI YCIX TTOJIIBAJIEHTHUX METaJIiB.
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ABSTRACT

Demchuk T.V. Features of one-particle and collective dynamics in metal melts
at ambient and high pressures. — Qualifying scientific work on the rights of the
manuscript.

Thesis for the Degree of Doctor of Philosophy on the speciality 104 — Physics
and Astronomy. — Institute for Condensed Matter Physics of the National Academy
of Sciences of Ukraine, Lviv, 2020.

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
1nitio molecular dynamics.

A number of metals in the liquid state, namely, the molten T1 at normal pres-
sure 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 contrast to the method of classical molecular dynamics, where the elec-
tron subsystem is taken into account effectively in the pair interatomic potential,
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 al-
lows 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
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X-ray or neutron scattering experiments. This connection allows one to compare
the results of computer simulations with the results of real experiments.

The standard manifestation of collective excitations in the system is in the
presence of a peak on the frequency dependences of the longitudinal and transverse
current spectral function at the corresponding wave number, and the position of the
maximum of such a peak corresponds to the frequency of excitation. 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. This two-peak structure leads to two-branch form of the
transverse collective modes dispersion. Such an effect was first observed in a recent
study of liquid Li at high pressures via first-principle simulations. It is demonstrated
that this feature is observed even at normal pressure for liquid polyvalent metals
Tl, Al, and In. Moreover, it is shown that both branches demonstrate a disper-
sionless dependence, so it is possible to determine their characteristic frequencies.
The coupling between longitudinal and transverse modes as well as the presence of
short-time interatomic bonds in the system are considered as the possible physical
mechanisms of this effect.

The study of the longitudinal dynamics of the liquid T1 at normal pressure was
carried out using both the fitting by superposition of two DHO (damped harmonic
oscillator) and the five-variable model of generalized collective modes approach. It
is shown that only one type of acoustic modes is present in longitudinal fluctua-
tions. Moreover, an additional longitudinal mode was detected, which is might be
responsible for the heat waves propagation.

The presence of stable intramolecular bonds in molecular fluids determines
the rotational motion of molecules, which is one of the mechanisms of coupling be-
tween longitudinal and transverse collective excitations. The study of the presence
of such 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
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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 con-
figuration appropriate to liquid and glass phases.

Liquid Si was investigated in the pressure range of 10.2-27.5 GPa along the
isotherm just above the minimum of the melting line, where the phase transition in
crystalline Si takes place. Moreover, in this pressure range crystalline Si has three
solid-solid phase transitions. Such phase diagram feature stimulates the search for
possible structural transformations in the liquid phase, similar to that found in Pb.
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. Moreover, such behaviour of the position of the first peak on the
pair distribution function is maintained even with significant changes in pressure.
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 calculated value of the coordination number
for the molten Si along the isotherm shows a linear increase in the pressure range
of 10.2-16.6 GPa and the plateau at higher pressures. However, all these functions,
which characterize the local structure of liquid Si, studied along the isotherm 1150 K
in the pressure range of 10.2-27.5 GPa, does not reflect any correlations with the
changes in the structure of crystalline Si in the same pressure range.

Considering that the dispersion of transverse collective excitations of liquid
Si contains two branches at all investigated pressures, the presence of such bonding

may be a mechanism for the appearance of the second type of transverse collective



modes.

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 max-
ima positions. In contrast to crystalline metals, where such a spectrum corresponds
to the vibrational density of states with typical behaviour according to Debye the-
ory, in liquid metals such a spectrum contains a relaxation mode due to diffusion
processes and has a non-zero value at zero frequency, which is determined by the
diffusion coefficient. At high values of the latter, the contribution from the diffu-
sion mode to the spectrum of the velocity autocorrelation function may overlaps
the low-frequency peak and prevents the correct establishment of the positions of
the peaks. This effect may be taken into account by the two-phase model, which
provides a qualitative separation of the velocity autocorrelation function frequency
spectrum into the relaxation mode and the vibrational density of states. This proce-
dure allows one to determine the position of the frequency spectrum maxima more
accurately. The analysis of single-particle and collective modes frequencies showed
that for all investigated metals with different thermodynamic conditions the po-
sitions 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 thermody-
namic points revealed that the value of the characteristic frequency of the high-
frequency transverse collective modes dispersion branch increases linearly with in-
creasing 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
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the same for all polyvalent metals.
Keywords: ab initio computer modelling, collective excitations, generalised
hydrodynamics, liquid metals, molecular dynamics, one-particle dynamics, time cor-

relation functions.
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