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Pedepar:

1. Incepraniiina po60Ta IpUCBIY€HA PO3BUTKY TEOPETUYHUX MiAXOIB i IX 3aCTOCYBaHHIO JJO OIIUCY
TEPMOJMHAMIYHUX Ta CTPYKTYPHUX BJIACTUBOCTEN IIPOCTOPOBO OOMEXXEHUX IINHIB. OTprUMaHi pe3yabTaTu
IIOMIOBHEHI TAaHMMU KOMITIOTEPHOTO MOJIEIOBAHHS, 1110 TAKOX ITPOBOAUIIOCS B paMKax Iiiei JOCHiIHUIBKOI pOOOTH.
Po3rnissHyTO feKisipka 6a30BUX MOJIesiel IPOCTOPOBUX OOMeXXeHb Ta ix Mopudikarii. 3o0kpema, 3HauHy yBary
IIpUIiJIeHO MJIMHAM B HEBIIOPSIKOBAHUX [IOPUCTUX CEPEIOBUIIAX, 110 MOJIEIOI0ThCSI MAaTPULIEI0 BUIIAIKOBO
PO3TallOBAaHUX TBEPIUX YACTUMHOK 3 [IEPETUHAHHSM i 6€3 IepeTHHaHHS. [lJ1 onrcy TepMOJUHAMIYHUX
BJIACTUBOCTEN TBEPIOKYJILKOBOTO IJIMHY B TAKUX [OPUCTUX MATPULLX, OTPMMAHO BifIITOBiNIHI aHaMiTUYHi BUpPa3yu Ha
ocHOBI Teopii MacmTa6Hoi yacTuHky (TMY). 3anponoHOBaHUH MifXif, y3arajbHEHO Ha BUIMAJOK Gi/bII CKIaIHUX
MoJeJsieil HeBIIOPSIKOBAHOI MaTPULi TaKUX, SIK I'yOKOMOiOHAa MaTpuULs Ta MaTpUllsl, CpOpMOBaHa YaCTHHKaMH
HechepuuHoi popmu. [TokasaHo, 0 pe3yIbTaTy pO3pO6JIEHOI TEOPIi € y AyKe N0OPOMY KiJIbKiCHOMY Y3TOJIKEHHI i3
IAHMMU KOMITIOTEpHOro MoaenoBaHHs. Teopis TMY #7151 TBepiOKyJIbKOBOTO IJIMHY B TBEPIOKYJIbKOBIN MaTpULi

OyJia BUKOPHCTaHa B SIKOCTi CUCTEMH BiJJTiKy B paMKax Teopii 30ypeHb 3 METOI0 BUBYEHHS (Pa30BUX [1€PEXOIiB ra3-



pifyHa B IPOCTUX IUIMHAX TA ACOLIATUBHUX IUIMHAX, 110 ONMCYIOTh IUISIMUCTI KOJIOIIX i3 YOTUPMA B3a€EMOIIIOUUMU
LeHTpamu. JJoCiIKeHo BIIJIMB HEBIIOPSIKOBAHOI MaTpuLli Ha ¢a3oBy [IOBEiHKY LUX MIIMHIB. CrIOCTEpeXeHO, 1110
3MEHILIEHHS [TOPUCTOCTI MaTPULLi CIIPUYMHIOE IIOHWKEHHS KPUTUYHOI TEMIIEPATYPU Ta KPUTUYHOI T'YCTUHHU Ta,
BOJHOYAC, 3aYBAXXEHO 3BYKEHHS 00JIaCTi CIiBiCHYBaHHS Ha (a3oBill giarpami. Kpim Toro, BCTaHOBJIEHO, 10
301/IbII€HHS PO3Mipy YaCTMHOK MaTpuLi IPU yMOBi PiKCOBAHOI NOPUCTOCTI, NPU3BOAUTD [I0 3061/IbII€HHS KPUTUYHO]
temneparypu. [loganbie 3actocyBaHHs Teopii TMY cTOCyeThCS ONUCY MPUMITUBHOI MOZEJIi iIOHHOTO IIJIVHY B
HEBIIOPSIKOBaHii MaTpulli HEUTPaJbHUX YACTUHOK. 3 I}i€l0 METOI0, METO/, KOJIEKTUBHUX 3MiHHUX OYB I1O€IHAaHUH i3
Teopiero TMY, B pe3ysibTaTi 40ro OTpUMaHO BUPA3M /1711 OCHOBHUX TEPMOAMHAMIYHUX BEJIMYMH B HAGJIMKEHHi, 110
BpaxOBye BHECKU BHILi HixX raycoBe Hab/IKeHHS. 3aBIsKY LIbOMY, BUBUYEHO (a3oBi nepexoau ra3-pinuHa
IIPOCTOPOBO OOMEXEHOTO IOHHOTO IIJINHY i3 pO3MIPHOIO Ta 3aps10BOI0 acuMeTpieto. Po3paxosani ¢pa3oBi giarpamu
[I0OKa3asy, o KPUTHUYHI [IapaMeTPU iI0HHOTO IVIMHY CUJIBHO 3aJ1€KaTh Bifj IOPUCTOCTI MaTpULIi Ta pO3MipiB
MaTpUYHUX YaCTUHOK, 110, B LIiJIOMY, [IOBTOPIOE edEeKT, CIIOCTEPEKEeHNI y BUIIANIKy [TPOCTOrO MIMHY. Pazom 3 TuM,
3ayBaXke€HO, 110 Liel eeKT MoKe OyTH CyTTEBO MifculeHu PO3MipHOIO acuMeTpielo ioHiB. 3 iHIIOro 60Ky, 3apsiIoBa
aCUMETPis IOMITHO N10CJ1a6JII0€ BIUIUB MPUCYTHOCTI MaTpULli. BUKOPUCTOBYIOUM TEOPETUKO-I10JIbOBUI MiAXiA B
HaOJIMKEHHI CePeIHbOrOo M0JI Ta TayCOBOMY HAOJIMKEHHI, TOCIII)KEHO CTPYKTYPHI BJIaCTUBOCTI TPhOX SKICHO
Pi3HUX MOJieJiell IIJIMHY B IIPOCTOPOBOMY OOMEsKEHHI I1apajie/IbHUX TBEPAUX CTiHOK. A came, PO3IJISIHYTO MOAEb i3
IIOABITHUM NIaPHUM INOTeHUiasioM FOKaBy, OCLIMIIIOIOYNM NOTEHLjaioM FOKaBy Ta MOJIe/Ib HEMAaTUYHOTO MIJINHY
Mariepa-3ayne, A1 SKUX PO3paxoBaHO NapHi KOpeJsiiiiHi PyHKLii B 06'eMHii (pasi Ta mpodisi ryCTUHU IJINHY 611
TBEPAOI CTIHKU. [I711 HEMATUYHOTO IIJIMHY PO3PaX0BaHO TAKOK OPi€HTALilIHI XapaKTEPUCTUKHU TaKi, SIK ITapameTp
NOPSIAKY, B TOMY YucJli Mpodisib napameTpy NOPSAKY B 3aJI€XKHOCTI Bif BifcTaHi 1o cTiHkU. CriocTepeskeHo, 1o
KOHTAaKTHE 3Ha4€HHs TPOQiII0 I'YCTUHN MOXKE MaTU HEMOHOTOHHY 3aJI€5KHICTD Bifl TEMIIEpAaTypU. A y BUNIAJIKy
HEMATUYHOI'0 IVIVHY, 3ayBXKEHO CYyTTEBE IMOPYLIEHHS OPi€HTaLliHOTO MOPSAKY MOGANU3Y CTiHKU. [I7151 OLiHKU
TOYHOCTI OTPUMaHUX TEOPETUYHUX Pe3yJIbTaTiB IPOBEAEHO Bif[IOBiIHI PO3PaXyHKU METOLIOM KOMITIOTEPHOTO
mogesnoBaHHsI MoHTe-Kapiio. [TokazaHo, 110 raycoBe Hab/IMKeHHs1 3abe3edye HabaraTo Kpauuii KiJIbKiCHUI onuc
podisio I'yCTUHY IJIMHY HiXK HabJIMDKEHHS CEePEeSHbOro MoJIst. 3a NOMOMOr00 METOY NUCHANIATUBHOI AUHAMIKA
IIPOBEIEHO KOMIT'IOTEPHE MOJIE/IIOBAHHS /IJIsI OIIMCY ITPOIeciB MiKpoda3sHOro po3imapyBaHHs JBOKOMIIOHEHTHOTO
IIJIMHY MK [IBOMa TBEPAUMU CTiHKaMH, sKi (PyHKLiOHAIi30BaHi [10s1iMepHYUMU IiTKAaMU Y BULJISIAL I€PiOfUYHUX
cmyrT. [Ipu dikcoBaHil JOBXUHI OIMEPIB JOCTiIKEeHO MOPQOJIOrilo oTpuMaHux (a3 B 3aJ1€XKHOCTI Bif BicTaHi
MiX CTiHKaMU Ta IIMPUHU CMYT, & TAKOXK IPU Pi3HUX KOMIO3ULiSIX KOMIIOHEHT IIJINHY, 110 PEACTaBIISIN COO0I0
IoOpui i moraHui pO3YMHHUK. B pe3ysbTaTi, BCTAHOBJIEHO YMOBY, 32 SIKX MOXYTb BUHMKATH a3y pi3HO]
MopoJiorii, 1110 YTBOPIOIOTHCS Pi3HUMU KOMIIOHEHTaMu. 3allpONIOHOBAHUH MiJXif, y3arajJbHEHO Ha BUNIAJOK OIUACY
npolecy HaObpsKaHHS IOPUCTOI MeMOpaHHu, [71s1 SIKOi OTPMMAHO 3aJIeKHOCTI pO3MipiB IOP Ta TOBIIMHYA MeMOpaHU

Bifj, KOMIIO3U1il pO3YMHHUKIB. OTPUMaHi pe3yJIbTaTU SAKiCHO Y3TOIKYIOTLCS 3 PE3YIbTATAMU €KCIIEPUMEHTY.

2. The thesis is devoted to the development of theoretical approaches and their application to the description of
thermodynamic and structural properties of a confined fluid. The obtained theoretical findings are supplemented
by the results of computer simulations performed within this study. Several basic models of confinement and their
modifications are considered. In particular, main attention is paid to disordered porous media modeled by a matrix
of randomly distributed hard particles with and without overlapping. Analytical expressions are proposed to
describe the thermodynamic properties of the hard-sphere fluid in these models of porous media, which were
obtained on the basis of scale particle theory (SPT). This theory was also extended by taking into account more
sophisticated models such as a sponge-like matrix and a matrix formed by particles of a non-spherical shape. It is
shown that the results of the developed theory are in a good quantitative agreement with the computer simulation
data. The SPT theory of a hard-sphere fluid confined in a hard-sphere matrix is used for the description of the
reference system within the perturbation theory to study a liquid-vapour phase transition in a simple fluid and in
an associative fluid of patchy colloids with four interacting sites. It was found that both the critical temperature
and the critical density decrease with a decrease of the matrix porosity, and simultaneously the coexistence region
of phase diagrams gets narrower. Furthermore, it is also shown that an increase of matrix particles size can lead to
a growth of the critical temperature. A further application of the SPT theory concerns the description of the



primitive model of an ionic fluid in an uncharged disordered matrix. For this purpose, the method of collective
variables was combined with the SPT and the corresponding equations for the main thermodynamic quantities
were derived with taking into account the terms higher than the Gaussian approximation. Therefore, the liquid-
vapour phase transition of the confined ionic fluid was investigated with the asymmetry of oppositely charged
ions, both in charges and sizes. The obtained phase diagrams show that the critical parameters of ionic fluids
strongly depend on the matrix porosity and the sizes of matrix particles, and in general have the same trends as in
simple fluids. Furthermore, the size asymmetry of oppositely charged ions strengthens this effect. On the contrary,
the charge asymmetry significantly suppresses the influence of the matrix presence. Using the field-theory
approach in the mean-field and Gaussian approximations, the structural properties were studied for three
qualitatively different fluid models in the confinement formed by two parallel hard walls. Specifically, the model of
two-Yukawa pair potential, oscillating Yukawa potential and the model of nematic Maier-Saupe fluid are
considered, for which pair correlation functions in the bulk and density profiles in the confinement with respect to
the hard wall are obtained. For the nematic fluid, orientation characteristics such as the order parameter and its
profile depending on the distance to the wall are also calculated. It is observed that the contact value of the fluid
density profile can have a non-monotonous dependence on temperature. In the case of a nematic fluid, a
significant disruption of orientational order in the vicinity of hard walls is noticed. To assess an accuracy of the
obtained theoretical results, the corresponding computer simulations with the use of Monte-Carlo method were
performed. It is shown that the Gaussian approximation provides a much better quantitative description of the
fluid density profile than the mean-field approximation. Using the dissipative dynamics, computer simulations
were performed to study the processes of microphase separation in a binary fluid between two hard walls,
functionalized with nonostructured polymer brushes in the form of stripes. At a fixed polymer length, the
morphology of the obtained phases was investigated depending on the distance between the walls and the width
of the stripes, as well as depending on the different compositions of the fluid components, represented by good
and bad solvents. The conditions are established under which the phases of different morphology (layered,
columnar, mixed, droplets) can be formed. The proposed approach is generalized for the description of swelling
processes in a porous membrane, for which the values of pore size and the membrane thickness are obtained
depending on the solvent composition. The obtained results agree well with experimental findings at the
qualitative level.
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