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Pedepar:

1. Inceprarisi IpUCBAY€HA PO3BUTKY TEOPETUYHUX MiIXOiB 10 ONKUCY TEPMOJMHAMIUYHUX BJIACTUBOCTEN
aHI30TPONHUX IJIMHIB Ta JOCIIKEHHIO iXHbOI (Pa30BOi OBEIIHKM B 00'€Mi Ta Y HEBIIOPSIIKOBAHOMY IIOPUCTOMY
cepenoBulli. PO3risiHyTO IekinbKa Mogesiell aHi30TPOIHUX TJINHIB (0nyKJli HecpepruyHi YaCTUHKHY,
cpepoLNIiHAPUYH] YaCTUHKY) Y HEBIIOPSIKOBAHOMY [TIOPMCTOMY CE€pelOBUILi. 30KpeMa, 3HaYHy yBary NpuiijieHo
aHI30TPONHUM CPEPOLMITIHIPUYHUM IUIMHAM. [I71s1 ONIMCY TEPMOIMHAMIUYHUX BJIACTUBOCTEN TAaKUX CUCTEM
OTPMMAaHO BiZITIOBiIHI aHAMITUYHI BUPa3y Ha OCHOBI Teopii macmTabHoi yacTuHKY (TMY), sika Oysia y3araabHeHa Ha
aHi3oTpomnHi rHY. [TokazaHo, 1o pe3ysbTaTy y3arajJbHEHOI Teopii € y JOOPOMY SKICHOMY i KiZIbKiCHOMY
Y3rOJPKEHHI i3 JaHUMU KOMIT'IOTEPHOro MoAeoBaHHs. TMY 17151 aHi30TPONHUX MJIMHIB B HEBIOPSAKOBAHIN
MaTpuli 6yjia BUKOPUCTaHa B SIKOCTi CUCTEMHU Bi[JIiKy B paMKax Teopii 30ypeHb 3 METOI0 BUBUEHHS (PA30BUX

[epexoiB ra3-pifnHa-HeMaTHK i ra3-HeMaTUKl-HeMaTukZ2. bysio peACcTaBleHo BIOCKOHAJIEHY BEPCilo



y3araJlbHeHOro piBHSIHHS BaH nep Baasnbca 11 aHi3OTPONHUX IJIMHIB Y HEBIOPSIKOBAHUX IMIOPHUCTUX MATPULISIX.
JocinKeHo BIJIMB HEBIIOPSAKOBAHOTO [IOPUCTOTO CepeloBuila Ha (a3oBy [IOBEiHKY LIMX MIKHIB. [TokazaHo, Mo
3MEHILIEHHS [TOPUCTOCTI NOPUCTOrO CEPENOBUILA CIIPUYMHIOE TIOHVKEHHSI KDUTUYHOI TEMIIEPATYPU Ta KPUTHUYHO]
T'yCTUHM, a TAKOX IPUBOJUTD [0 3BY>KEHHS 00JIaCTi CIiBiCHYBaHHS ra3-pifuHa Ha ¢a3osiil giarpami. [Tokasano
BILJIUB IIOPUCTOCTI IOPUCTOTO CEPELOBUILA HA i30TPONHO-HEMATUYHE Ta HEMAaTUYHO-HEMATUYHE CIIiBICHYBaHHA i
BUSIBJIEHO, 10 [IOPUCTE CEPEOBUIIE MOXKE PO3MIKUPUTH i30TPOITHO-HEMATUYHUN (a30BUil llepexis TaKuM YMHOM,
o ¢a3oBUil epexif ra3-pigrHa 3HUKae. SIK nepiunii Kpok, 0yso y3araabHEHO TEOPil0 MacCHITaOHOI YaCTUHKYU Ha
BUIAJIOK HECPEPUIHUX ONYKIMX YACTUHOK Y HEBIIOPSIIKOBAHOMY ITIOPUCTOMY cepenoBuli. [1y1s1 Takoi mopesi 6ys1o
IOCJIiIKeHO BIUIMB Hec(PepUYHOCTI YACTUHOK IIJIMHY i IOPUCTOCTI MOPUCTOTO CEpPefoBUILA HAa TEPMOIMHAMIYHI
BJIACTMBOCTI Takoi cucTeMu. Bysio y3arasbHeHO BIIJIMB IPUTSITAHHS HA aHI30TPONHUI HecpepruyHuil IuH. Byso
[IepeBipEHO OTPUMaHi pe3yJIbTaTy 3 HAsIBHUMU Pe3yJIbTaTaMU KOMIT'IOTEPHOTO MOJIEJ/IIOBAHHS 1171 (Pa30BOi
NIOBEIiHKU TBEPIOC(HEPHOro MJIMHY B MAaTPULISIX Pi3HUX PO3MipiB. Bysio npencraBieHo po3pooKy Teopii Ajst onucy
AHI30TPOIHUX MOJIEKYJISIPHUX IIJIVHIB 3 aHI30METPi€I0 YACTUHOK, MOJIEKYJIU SIKUX XapaKT€PU3YIOTLCS
KOPOTKO/Iil04O0I0 BiAIITOBXYBaJIbHOIO B3aEMOZi€10. Bysi0 3anpOI1OHOBAaHO y3arajbHEHHS PiBHSIHHS Ha aHi30TPOIIHI
IUIVHU B IOPUCTUX CEPEIOBUILAX, IKE 6a3y€eThCS HA PIBHSIHHI CTaHy TBEPAUX CPepPOLMUIIHAPUIHUX YJACTUHOK Y
HEBIIOPSIKOBAHOMY [IOPHCTOMY CE€pEeLIOBUILi, OTPUMAaHOMY B paMKax Teopii MaciuTabHoi yacTuHKHU. Ha 0CcHOBI
OTPUMAHOTO PiBHSHHS MU IPOBOAMMO [IOCJI/I)KEHHSI i30TPONTHO-HEMaTUYHO] (pa30BOi MOBEIiHKMA MOJIEKYJISIPHUX
CHCTEM B 3aJIEXKHOCTI Bifl aHi30MeTpii MOJIEKYJI Ta IOPUCTOCTI IOPUCTOrO cepeposuia. [TokasaHo, 1o nopucre
cepeJoBULIE IPUBOAUTD [I0 IOHMKEHHS ITYCTUHU i30TPOITHO-HEMATUYHOTO (a3oBoro nepexopy. CriocTepesxxeHo,
o TouHicTh SPT2bl 3MeHIIyeThCs i3 BMEHIIEHHIM JOBXUHU cHepOoLMIiHIPUYHNUX YACTUHOK. ByJi0o 3alIporioHOBaHO
nokpaueHHs Teopii SPT2b1 i 3 ieio meToio po3pobsieHo ABa pi3Hi nigxoau. [lepmnii 3 HUX - Tak 3BaHUM MiAXiz,
SPT2b1-KC-TI1JI, axuii BKIto4ae ABa BUIpasaeHHs. [lepie - kopekuis Kapnaxana-Crapainra (KC), sika nokpatiye
XapaKTepUCTUKY TePMOIMHAMIYHUX BiacTuBocTed SPT npu 6inbui BUCOKiM ryctuHi nuuny. Ipyre Ilapconca-Jli
(T1JT) KopeKTye onuc opieHTalliiHOro YIIOPSIIKYBaHHS B IJIMHI TBEPAMX cHepOLMIIiHIPIB [IpY BUCOKIiN I'yCTUHI
nuHy. GasoBa fiarpaMa IJIMHY TBEPAUX CHEPOLMIIIHIPIB y HEBIOPSIKOBAHOMY [IOPUCTOMY CE€pPeOBUII
PO3PaxoBy€eThCS ABOMA Pi3HMMU criocobamu. OIMH 3 HUX NOB'A3aHUH 3 6ipypKaLlifiHUM aHali30M PO3B'SI3KY
HeJIiHITHOTO iHTerpasbHOro PiBHSIHHSA JJ1s1 OJHOYaCTUHKOBOI PYHKLiI po3noziny, oTpruMaHoi 3 MiHimizalii BiibHO]
eHeprii. [Ipyruii coci6 6a3yeTbcst HA yMOBI TEPMOAMHAMIUHOI piBHOBaru. Y guceprauiiiHiil poboTi y3araabHEHO Ta
3aCTOCOBAHO CXEMY YHMCEJIbHOTO PO3PAXyHKY, s1Ka OyJjia 3anipornoHoBaHa k. ['epuBisba 3 ClliBaBTOPaMu [J1s
064KcIeHHs yHapHOi QyHKLii B 06'eMi B crucTemax 3 aHIi30MeTpi€lo YaCTUHOK i aHI30TPOIIiE0 IPUTSITAJIbHO]
B3aeMofii JaHa cxeMa OyJia y3arajabHeHa Ha HasiBHICTh HEBIIOPSKOBAHOI'O [IOPUCTOrO cepenioBuia. Po3paxoBaHi
(a30Bi JiarpamMy NokKasaji, 0 KPUTUYHI IapaMeTPU HEMAaTOT€HHOTO IIJIMHY 3aJ1€KaTh BiJl IOPUCTOCTI MaTpUL, IO
IIOBTOPIOE €(EKT, SIKUI1 € y MIPOCTUX TBEPAOCHEPUYHUX IIMHAX. HaocTaHOK, BuKopucTtoByoun TMY a5 onucy
CHCTEMHU BinjiiKy, 6yJ0 y3arajbHeHO piBHSIHHS BaH mep Baasnbca Ta mociimpkeHo pazoBy NOBEIiHKY
cpepOoLMTIHAPUYHNX MOJIEKYJIIPHUX IJIMHIB Y HEBIIOPSIKOBAHOMY ITIOPUCTOMY CEpeLoBUIL. [JOCTiIKEHO BIJINB
BUJIOBXXEHOCTi CPepOoLMITiHIPUYHNX YACTUHOK Ha i30TPONHO-HEMAaTUYHE CIiBiCHYBaHHS Ta [1I0KA3aHO, 10
30iIbLIIEHHS BUIOBXEHOCT] YaCTMHOK IVIMHY TBEPAUX CPepOLMIiHAPIiB IPUBOAUTD IO MOSBU HEMATUYHO-
HeMmaTu4yHoro ¢gasosoro nepexony. [IpoBefeHO NOPiBHSAHHS 3alIPOIIOHOBAHOI MOJIeJli i OTPUMaHOI B ii paMKax
($a3oBoi fiarpamu 3 (pa3oBUMU JiarpaMaMy, OTPUMAHMMU [1J1S1 PO34YMHIB MOJNENTU B 1101 (raMmMa-6eH3u-L-
rinytamary) (I1BJIT') B gumetundopmamini (IM®DA). [TokazaHo sIKiCHe y3roJyKeHHs! OTPUMAaHUX Pe3yJIbTaTiB 3

€KCIIEpMMEHTAJIbHUMU JaHUMU [IJ1S1 PO34YMHIB NoJinenTuis B zuMeruidgopmamiai (IMDA).

2. The thesis is devoted to the development of theoretical approaches for the description of thermodynamic
properties and phase behavior of anisotropic fluids in the bulk and in random porous media. Several models of
anisotropic fluids (convex non-spherical particles, spherocylindrical particles) confined in a disordered porous
medium are considered. Notably, special attention is given to anisotropic spherocylinder fluids. Analytical
expressions for thermodynamic properties of such systems are obtained based on the scaled particle theory (SPT)
generalized for anisotropic fluids. The results of the generalized theory are shown to be in good qualitative and
quantitative agreement with computer simulations data. The SPT for anisotropic fluids in disordered media is used



to describe the reference system in the framework of a perturbation theory for the study of vapor-liquid-nematic
and vapor-nematicl-nematic2 phase transitions. An improved version of the generalized van der Waals equation
for anisotropic fluids in disordered porous media is presented. The effect of a disordered porous medium on the
phase behavior of these fluids is investigated. Lower porosity of the porous medium leads to a lower critical
temperature and critical density as well as the narrowing of the vapor-liquid phase coexistence region. Effects of
the porosity of the porous medium on the isotropic-nematic and nematic-nematic coexistence are studied. We
show that the vapor-liquid phase transition can vanish due to the porous medium widening the isotropic-nematic
phase transition. As the first step, the scaled particle theory is generalized to the case of non-spherical convex
particles in a disordered porous medium. We study the effect of non-sphericity of fluid particles and the porosity
of the porous medium on thermodynamic properties of such a system. Subsequently the role of attraction in
anisotropic non-spherical fluids is investigated. The results obtained are tested against computer simulations data
for the phase behavior of hard fluids in media of various sizes. A theory for the description of anisotropic molecular
fluids with particles characterized by short-range repulsion is developed. The equation of state is generalized for
anisotropic fluids in porous media based on the equation of state of hard spherocylindrical particles in a random
porous medium derived in the framework of the SPT. Based on the equation obtained we investigate the isotropic-
nematic phase behavior of molecular systems as a function of particle anisotropy as well as the porosity of the
porous medium. We show that the porous medium lowers the density of the isotropic-nematic phase transition.
The accuracy of the SPT2b1 is observed to decrease as the elongation of spherocylindrical particles decreases.
Improvements to the SPT2b1 theory are proposed and, as a result, two different approaches are developed. The
first one is the so-called SPT2b1-CS-PL approach which includes two corrections. One is the Carnahan-Starling
correction which improves the description of thermodynamic properties at higher fluid densities. The second is
the Parsons-Lee correction which improves the description of orientational ordering in a fluid of hard
spherocylinders at high densities of the fluid. The phase diagram of a hard spherocylinder fluid in a disordered
porous medium is calculated via two different methods. One approach is connected with the bifurcation analysis
of the solution of a non-linear integral equation for the singlet distribution function obtained from the
minimization of the free energy. Another approach is based on the condition of thermodynamic equilibrium. The
numerical method proposed by J. Herzfeld and co-authors for the calculation of the bulk singlet function in
systems with particle anisotropy and anisotropy of attractive interaction is generalized to account for the
presence of a random porous medium. The phase diagrams obtained reveal that the critical parameters of a
nematogenic fluid depend on the porosity of the medium, reproducing a known corresponding effect for simple
spherocylinder fluids. Finally, using the SPT for the description of the reference system, the van der Waals
equation is generalized and the phase behavior of a spherocylinder molecular fluid in a random porous medium is
studied. The effect of the elongation of spherocylindrical particles on the isotropic-nematic coexistence is
investigated. As particle elongation increases, a nematic-nematic phase transition is shown to emerge. The model
proposed and the respective phase diagram are compared to the phase diagrams obtained for polypeptide
solutions in dimethylformamide. The results obtained are shown to be in qualitative agreement with the
experimental data for the polypeptide solutions in dimethylformamide.
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