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Kyxaprin H.b. Brums dhopmu 1 po3MipiB 9acTUHOK Ha CTPYKTYPHI Ta aJ1copd-
IiiTHI BJIACTUBOCTI MOJIEIbHUX ILINMHIB. — KBausricikalliiina HaykKoBa Ipallsd Ha IIpaBax
PYKOIIUCY.

Huceprarisg Ha 3/100yTTs cTyIeHs JoKTopa (dinocodil 3a creniaabhicTio 104 —
dizuka Ta acTpoHoMid. — [HeTuTyT (bizuKu KoHieHcoBanux cucreM imeni [.P. FOxnos-
cekoro HAH VYkpainn, JIpsiB, 2026.

Huceprariitna podboTa IpuCBAYeHa BUBYCHHIO BILIMBY (DOPMU Ta PO3MIPiB TBEP-
JINX YaCTUHOK Ha CTPYKTYPHI Ta aJIcOPOITiitHi BJIACTUBOCTI B CHCTEMAaX MOJIE/ILHUX TITU-
HiB. JociizKeHHsI BUKOHAHO METOJIOM KOMII' FOTepHOro MojetoBanass Monte-Kapiio B
KAQHOHIYHOMY Ta, BEJIMKOMY KQHOHIYHOMY aHCAMOJIAX i3 3a/IyYeHHSIM aHaJITUIHIX 1 U1-
CeJTbHNX PO3PaxyHKiB. PO3IIgHyTO PIBHOBaXKHI CHCTEMHU TBEPIUX YaCTUHOK CKJIaHOT
dopmu B 06’emHiil dazi, y HEBIOPSAIKOBAHOMY TOPUCTOMY CEPEJIOBUIII Ta Ha CTPYKTY-
pOBaHUX AJI'€3UBHUX TOBEPXHSIX.

Y mepimiit yacTuHi poOOTH JIOC/IIJIZKEHO €KBIMOJIApHI OIHApPHI CyMIiIl TBEpIIX
chepnIHIX MOHOMEPIB 13 IMMepaMu, YKOPCTKUME Ta THYUYKUMEI TpUMepaMu, KOPOTKHU-
MU JIaHIIoraMu crasguux cdep i ceponmiingapamu. OCHOBHY yBary MNpPHJILIEHO Pa/ii-
aJIbHUM (DYHKIIISIM PO3IOJILIY Ta IXHIM KOHTAKTHUM 3HAYEHHSIM MiXK MOHOMEpaMu 1
OKPEMUMHI CerMeHTaMu HecepUIHNX YacTUHOK. [opiBHAHHSA OTpuMaHuX pe3yJsibTaTiB
JIUIsl BUITQJIKIB JIUMePiB 1 cdeponmiHapiB oKa3aJ 10, 0 PIBHICTH BUKJ/IIOUYEHNX 00 €MiB
[IUX JIBOX TUIIIB YaCTUHOK JIa€ 3MOTY JIOCATHYTHU €KBIBaJIEHTHOCTI TepMOJINHAMIYHOTO
OITHCY, TIPOTe He 3a0e3Mevy€e OJHAKOBOI JIOKAJILHOI CTPYKTYpHU. BiMIiHHOCTI pajiiaib-
HUX PYHKIIIH PO3IIOJILITY 3yMOB/IEHI (DOPMOIO TTOBEPXHI YaCTUHOK, CEIMEHTHOIO OYI0BOTO
JIAHITIOTIB, TXHBOIO THYYKICTIO Ta JIOCTYIIHICTIO OKPEMUX CEI'MEHTIB /11l KOHTAKTY 3 MO-
HoMepaMmu. Y HEBIOPAIKOBaHIil TBepjocdepHiil MaTpuIll Ii CTPyKTYPHI 0COOJTUBOCTI
30epiraroThCs 1 MPOsIBISIOTHCS BUPa3Hillle BHAC/IIIOK IIPOCTOPOBOI0 OOMEZKEHHS.

Okpemo npoaHaJi30BaHO KOHTAKTHI 3HAUEHHs paiaJbHUX PYHKIN PO3ITOILITY B
cyMiIax TBEPJAUX TPUMEPIB 1 MOHOMEPIB Ta MePEBIPEHO TOYHICTh aHAJITUYHOI'O BUPa-

3y JIJIsT KOHTAKTHOTO 3HAYEHHs MizK IIUMI KOMIIOHEHTAMHU Y MOJIMEPHOMY HaOIMKEHH]
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[lepkyca-€Bika. [lokazaHo, 1110 Oro 3aCTOCOBHICTH 3aJI€2KUTh Bij »KOPCTKOCTI JIaH-
I[Iora Ta CITIBBIIHOIIEHHSA PO3MIPIB CErMeHTIB 1 MoHOMEpiB. [l/1 BpaxyBaHHS BILIUBY
BCIX CErMEHTIB THYYKOIo TpUMepa 3allPOIIOHOBAHO IIIXiJI, KUl TPYHTYEThCI Ha BU-
3HAYEHHI JIOCTYITHOI JIJIsT KOHTAKTY YaCTHHE IOBepxHi cermenTa. OTpuMaHi aHaiTHYIHI
BUPA3U MOKPANIYIOTh OINC KOHTAKTHUX 3HaYeHb Y I'PAHUIl HECKIHUEHHOT'O PO3BE/IeHHS
Ta JalTh (Pi3UYHe [MOSICHEHHS BIJIXIJIEHD BiJ CTaHIaPTHOTO IIOJIMEPHOIO HAOJIMKEHHSI
[Tepkyca-€EBixka.

Y npyriit yacTuHi podOTH PO3TJISTHYTO PIBHOBAXKHY aJCOPOIII0 TBEPIUX JTUCKO-
10/IIOHNX YaCTHMHOK Ha JIBOBUMIDHHUX CTPYKTYPOBAHUX IOBEPXHAX 3 KPYIJIUMH aJre-
3UBHUMU JJITHKAMU, A9Ki YTBOPIOIOTH MACHUB BIIOPSAIKOBAHO 200 HEBIIOPSIKOBAHO PO3-
TaIlOBAHUX JIOMEHiB. EHepriio mpurarajabHol B3ae€MO/il YacTHHKI 3 TTOBEPXHEIO 38 1aHO
MIPOMOPIIITHOIO TIJIONT 11 KOHTAKTY 3 JJoMenaMu. Jloc/TiizKeno BIJINB pO3MIpiB JIOMEHIB,
CTYIIeHs MMOKPUTTS HUMU TOBEPXHI Ta IXHBHOI'O IIPOCTOPOBOIO PO3IOJLIY Ha 130TepMu
aJ1copoIIil i CTPYKTYPY ajcopboBaHoro mapy. Pe3ysibraTi oKa3yoTh, M0 acopOIiiiHi
BJIACTUBOCTI BU3HAYAIOTHCS He JIUIIE 3ara/ibHOIO ILJIOMIEI0 aJINe3UBHOTO MTOKPUTTH, a it
CIIBBIIHOIIIEHHSIM PO3MIpIiB YaCTUHOK Ta JoMeHiB. MaJi noMenn (hopMyoTh HaOIMZKe-
HO OJIHOPIIHE TI0JIe TPUTATaHH, JJOMEHH, CIIBMIPHI 3 PO3MipaMi YaCTUHOK, CIPHUSIIOTH
JIOKaJII30BaHiil acopOIil, a O1IbII JOMEHN MOXKYTh OJHOYACHO 3aXOILII0OBATH JIEKI1JIbKa
yacTHHOK. {10 Moje/ b y3arajabHeHo Ha OiHAPHY CYMIIl YacTUHOK, AKi BIAPIZHAIOTHCS
JINTIIE eHepTieio NPUTIATanud 3 JoMeHamu. Ile jgaao 3mory jfociguT BIUIMB reoMeTpil
IOBEpXHi Oe31ocepeIHbO Ha, CeJIEKTUBHICTD a1copbuii. [lokazaHo, 1mo po3mip i npocTto-
poBe po3TalllyBaHHs JOMEHIB HaliOljbllle BILIMBAIOTH Ha CKJIaJ aJcOPOOBAHOIO IIapy
3a HU3bKUX 1 cepejIHIX 3HaYeHb XIMIYHOT'O TIOTEHIllaJ 1y, KOJIU KOMIIOHEHT KOHKYPYIOTh
3a €HepreTUYHO BUTIIHI MoJoxKeHHd. [Ipw miibHImoMy 3aoBHEHHI POJIb CTPYKTYpU
IOBEPXHI 3MEHIIYEThCA Uepe3 IOCUJIeHHsT 00MeKEeHb I1aKyBaHHS.

OTpumaHi pe3y/IbTaTH YTOUHIOIOTH BILIMB (POPMHU Ta PO3MIPIB YaCTUHOK HA JIO-
KaJIbHY CTPYKTYPY MOJEIbHUX ILINHIB TBEPAUX HecepUUHUX YACTUHOK i KOHTAKTHI
3HAYCHHS paiaJibHIX (DYHKIII PO3IIOILTY Mi2K HUMU. BeTaHOBJIeH 3aKOHOMIPHOCTI a1
copOIIil TBEPANX JACTHHOK Ha CTPYKTYPOBAHUX &JIT€3UBHUX MOBEPXHAX MOXKYTL OyTH

BUKOPUCTAHI JIjIsI KEPYBaHHs aJICOPOIIITHOI0 €MHICTIO Ta CEJIEKTUBHICTIO TAKUX IIOBEP-



XOHb.
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KapJio, crpykTypoBaHa aJIre3nBHA [TOBEPXHSI, aJ1cOPOILid.



ABSTRACT

Kukarkin N.B. Effect of particle shape and size on the structural and adsorption
properties of model fluids. — Qualifying scientific work on the rights of the manuscript.

Thesis for the Degree of Doctor of Philosophy on the speciality 104 — Physics
and Astronomy. — Yukhnovskii Institute for Condensed Matter Physics of the National
Academy of Sciences of Ukraine, Lviv, 2026.

The dissertation is devoted to studying the effects of the shape and size of hard
particles on the structural and adsorption properties of model fluid systems. The study
was carried out using Monte Carlo computer simulations in the canonical and grand-
canonical ensembles, supplemented by analytical and numerical calculations. Equili-
brium systems of hard particles of complex shape were considered in the bulk phase,
in a disordered porous medium, and on patterned adhesive surfaces.

The first part of the dissertation examines equimolar binary mixtures of hard
spherical monomers with dimers, rigid and flexible trimers, short chains of fused
spheres, and spherocylinders. Particular attention is paid to the radial distribution
functions and their contact values between the monomers and individual segments
of the non-spherical particles. A comparison of the results obtained for dimers and
spherocylinders showed that matching the excluded volumes of these two particle types
makes it possible to achieve equivalence at the level of their thermodynamic descri-
ption but does not result in identical local structures. The differences between the
radial distribution functions arise from the particle surface geometry, the segmented
structure of the chains, their flexibility, and the accessibility of individual segments
for contact with the monomers. In a disordered hard sphere matrix, these structural
features persist and become more pronounced due to spatial confinement.

The contact values of the radial distribution functions in mixtures of hard trimers
and monomers were analysed separately, and the accuracy of an analytical expression
for the contact value between these components, derived within the polymer Percus-
Yevick approximation, was assessed. Its applicability was shown to depend on the

chain rigidity and the size ratio between the segments and monomers. To account for
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the influence of all segments of a flexible trimer, an approach based on determining
the fraction of the segment surface accessible for contact was proposed. The resulting
analytical expressions improve the description of the contact values in the infinite
dilution limit and provide a physical explanation for deviations from the standard
polymer Percus-Yevick approximation.

The second part of the dissertation considers the equilibrium adsorption of
hard disk particles on two-dimensional patterned surfaces containing circular adhesi-
ve regions represented by arrays of domains arranged either regularly or randomly.
The attractive particle-surface interaction energy was taken to be proportional to the
area of overlap between a particle and the domains. The effects of the domain size,
the surface coverage by the domains, and their spatial distribution on the adsorption
isotherms and the structure of the adsorbed layer were investigated. The results show
that the adsorption properties are determined not only by the total area of adhesive
coverage but also by the size ratio between the particles and the domains. Small domai-
ns generate an approximately uniform attractive field, domains comparable in size to
the particles promote localised adsorption, whereas larger domains can simultaneously
accommodate several particles.

The model was extended to a binary mixture of particles differing only in the
strength of their attractive interaction with the domains. This made it possible to
investigate the direct influence of surface geometry on adsorption selectivity. The
domain size and spatial arrangement were shown to have the strongest effect on the
composition of the adsorbed layer at low and intermediate chemical potentials, where
the components compete for energetically favourable positions. At higher surface loadi-
ngs, the role of the surface structure diminishes because of increasingly restrictive
packing constraints.

The results obtained clarify the effects of particle shape and size on the local
structure of model fluids of hard non-spherical particles and on the contact values of
the corresponding radial distribution functions. The identified adsorption trends for
hard particles on patterned adhesive surfaces may be used to control the adsorption

capacity and selectivity of such surfaces.
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