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Pedepar:

1. lucepranis IpUCBA4Y€HA PO3BUTKY TEOPETUYHMX MiIXOIB 10 ONKCY TEPMOJMHAMIYHUX BJIACTUBOCTEN
aHI30TPONHUX IVIMHIB Ta AOCJIIKEHHIO ixHbOi (a30Boi OB iHKYU B 00'eMi Ta y HEBIOPSAKOBAHOMY [IOPUCTOMY
cepeposuli. PO3rJIsiHYTO IeKiNbKa MOJesell aHi30TPOIHUX TINHIB (0NyKJli Hec(pepruyHi YaCTUHKHY,
chepouuIiHIPUYHI YaCTUHKM) Y HEBIOPSIKOBAHOMY ITIOPUCTOMY Ce€peloBULli. 30KpemMa, 3HaYHy yBary npUaieHO
aHi30TpONHUM CHEPOLMIIHAPUYHUM IIJIMHAM. [lJ19 OUCY TEPMOAMHAMIYHUX BJIACTUBOCTEN TaKUX CUCTEM
OTPUMAaHO BiJIIOBiIHI aHAJIITUYHI BUpa3y Ha OCHOBI Teopii MacmTadHoi yacTunku (TMY), sika OyJia y3arajpHeHa Ha

aHi30TpoMnHi MHU. [ToKazaHo, o pe3ysbTaTy y3arajJbHEHOI Teopii € y JOOPOMY SKiCHOMY i KiJIbKiCHOMY



y3roIpKEeHHi i3 TaHNMU KOMITIOTEPHOTO MoAemoBaHHA. TMY 1151 aHi30TPOIHYX JIMHIB B HEBIOPSAKOBAHIN
martpuli 6yJia BAKOPUCTaHa B IKOCTi CUCTEMH BifJliKy B paMKax Teopii 36ypeHb 3 MeTOI0 BUBYEHHS (a30BUX
[IepeXO0iB ra3-piinHa-HEeMAaTHK i ra3-HeMaTUKl-HeMaTUKZ2. bysio peACcTaBleHo BIOCKOHAJIEHY BEPCilo
y3araJibHEHOro piBHsIHHS BaH nep Baasnbca 11 aHi30TPONHUX IJIMHIB Y HEBIOPSIKOBAHUX MIOPHCTUX MATPULISIX.
JocinKeHo BIJIMB HEBIIOPSAKOBAHOTO [IOPUCTOTO CepenoBuina Ha ¢a3oBy MOBELiHKY LIMX MJIMHIB. [lokazaHo, mo
3MEHILIEHHS [TOPUCTOCTI NOPUCTOrO CEPENOBUILA CIIPUYMNHIOE TTIOHVKEHHSI KDUTUYHOI TEMIIEPATYPU Ta KPUTUYHO]
T'yCTUHM, a TaKOX IIPUBOJUTD [0 3BY>KEHHSI 006J1aCTi CIiBiCHyBaHHS ra3-pifguHa Ha gasosiil giarpami. [Tokasano
BILJIUB IIOPUCTOCTi MIOPUCTOTO CEPEAOBUINA HA i30TPOMNHO-HEMAaTUYHE Ta HEMaTUYHO-HEMATUYHE CIiBiCHYBaHHS i
BUSIBJIEHO, 10 [IOPUCTE CEPEOBUIIE MOKE PO3MUPUTH i30TPOITHO-HEMATUYHUN (a30BUil [lepexis TaKuM YMHOM,
o ¢as3oBuil epexif ra3-pigrHa 3HUKae. K nepuunii Kpok, 6yso y3araabHEHO TEOPilo MaclITabHOI YaCTUHKYU Ha
BUIAJIOK HECPEPUIHUX ONYKIMX YACTUHOK Y HEBIIOPSIIKOBAHOMY ITIOPUCTOMY cepenoBulli. [1y1s1 Takoi mopesi 6ys1o
IOCJIIKEHO BIUIMB HEC(PEPUYHOCTI YACTUHOK IIJIMHY i IOPUCTOCTI MOPUCTOTO CEPENOBUILA HA TEPMOINHAMIYHI
BJIACTMBOCTI Takoi cuctemMu. Bysio y3arasbHeHO BIIJIMB [IPUTSTAHHS HA aHI30TPONHUI HecPepruyHuil IuH. byso
IIepeBipeHO OTPUMaHi pe3yJIbTaTy 3 HAsIBHUMU pe3yJIbTaTaMU KOMII'IOTEPHOTO MOJIEJ/II0BaHHS 171 (PazoBoi
NoBeJiHKY TBEpA0ChEPHOro IJIMHY B MATPULISIX Pi3HUX PO3MipiB. Bysio mpencraBieHo po3po6Ky Teopii 11 Onucy
aHI30TPONHUX MOJIEKYJISIPHUX IIJIVHIB 3 aHI30METPi€I0 YACTUHOK, MOJIEKYJIU SIKUX XapaKTEPU3YIOTLCS
KOPOTKOJIi04YOI0 BiIIITOBXYBAaJIbHOIO B3aeEMOZi€l0. bysio 3aIIpOIIOHOBAHO y3arajbHEHHS PiBHSHHS HA aHI30TPOIIHI
IIJIMHY B IOPUCTUX CEPELOBUIIAX, IKe 6a3yeThCsl HA PiBHSIHHI CTaHy TBEPAUX CPEPOLUTIHAPUYHNX YACTUHOK Y
HEBIIOPSIKOBAHOMY [IOPHCTOMY CE€pEeLIOBUILi, OTPMMAaHOMY B paMKaXx Teopii MacmTadHoi yacTuHKU. Ha 0CcHOBI
OTPUMAHOTO PiBHSHHS MU IIPOBOAMMO [IOCJII)KEHHSI i30TPONTHO-HEMaTUYHOI (pa3oBoi MOBEIiHKYA MOJIEKYJISIPHUX
CHCTEM B 3aJIEXKHOCTI Bifl aHi30MeTpii MOJIeKYJI Ta IOPUCTOCTI IOPUCTOro cepeposuia. [TokasaHo, 10 nopucre
CepeoBHUlIE IPUBOJIUTD 10 OHVDKEHHS TYCTUHU i30TPOITHO-HEMATUYHOTO (pa3oBoro nepexony. CrocrepexeHo,
o TouHicTh SPT2bl 3MeHIIyeThCs i3 3BMEHIIEHHIM TOBXUHYU cHepoLnIiHIPUYHNX YACTUHOK. ByJi0 3alIporIoHOBaHO
nokpauieHHs Teopii SPT2b1 i 3 ieto meToo po3pobieHo ABa pi3Hi migxonu. [lepmunii 3 HUX - Tak 3BaHUM MiAXiT,
SPT2b1-KC-I1J1, sikuii BkIovyae ABa unpasieHHs. [lepie - kopekuist KapHaxana-Crapainra (KC), ska nokpaiye
XapaKTEPUCTUKY TEPMOAMHAMIYHUX BacTuBocTell SPT npu 6isbi BUCOKil ryctuHi niauny. JIpyre [Tapconca-Jli
(T1JT) KopeKTye onuc opieHTaliiHOro YIIOPSAKYBaHHS B IJIMHI TBEPAMX cHepOLMIiHIPIB [IpY BUCOKIN I'yCTUHI
nauHy. GasoBa fiarpama NJIMHY TBEPAUX CHEPOLUIIIHIPIB Y HEBIOPSIKOBAHOMY [IOPUCTOMY CE€pPelOBUII
PO3PaxoBY€ETLCS IBOMA PisHUMU criocob6amu. OOyH 3 HUX MOB'sI3aHUH 3 6ihypKaLiiiHUM aHai30M PO3B'SI3KY
HeJIiHIHOTO iHTerpasbHOrO PiBHSIHHSA IJ1s1 OJHOYaCTUHKOBOI QYHKLII po3noziny, oTpruManoi 3 MiHimizawii BibHO]
eHeprii. [Ipyruii crioci6 6a3yeTbcst HA YMOBI TEPMOAMHAMIUHOI piBHOBaru. Y guceprauiiiHiil poboTi y3arajabHeHO Ta
3aCTOCOBAHO CXEMY YHMCEJIBHOT'O PO3PAXyHKY, s1Ka Oyja 3anpornoHosaHa k. ['epuBisba 3 ClliBaBTOpaMu 18
obuncieHHs yHapHOi QyHKLii B 06'eMi B ccTemax 3 aHi30MeTpi€lo YaCTUHOK i aHi30TPOIIiEI0 IPUTSITAJIbHO]
B3aeMofii mJaHa cxeMa OyJia y3arajabHeHa Ha HasiBHICTh HEBIIOPSIKOBAHOI'O IIOPUCTOrO cepenoBuia. Po3paxoBaHi
($a30Bi Jiarpamu NokKasaji, 1o KPUTUYHI IapaMeTPU HEMAaTOT€HHOTO IIJIMHY 3aJ1€KaTh BiJl IOPUCTOCTI MaTpUL, 110
MOBTOPIOE €DEKT, KU € y IPOCTUX TBEpHOoCPepnIHUX NIMHaX. HaocTaHOK, BuUKopucTtoBytoun TMY a1 onucy
CHCTEeMHU BinJiiKy, 6ys0 y3arajpHeHO piBHSIHHS BaH mep Baanbca Ta mociimkeHo pazoBy NOBeIiHKY
cpepoLMTIHAPUYHUX MOJIEKYJIIPHUX IJIMHIB Y HEBIIOPSIIKOBAHOMY ITIOPUCTOMY CEpeLoBulLi. [JoCIiIyKeHO BIJINB
BUJIOBXXEHOCTi CPepOoLMIiHAPUYHNX YACTUHOK Ha i30TPONHO-HEMaTUYHE CIiBiCHYBaHHSI Ta [1I0KA3aHO, 1110
36ibIIEHHS BUIOBXXEHOCT] YaCTMHOK IJIMHY TBepAUX CPepOoLuIiHAPiB IPUBOAUTD IO MOSBU HEMATHUYHO-
HeMmaTuyHoro ¢azoBoro nepexony. [IpoBeneHo MOPiBHSAHHS 3alIPOIIOHOBAHOI MOIeJli i OTpUMaHoOi B ii pamKkax
($a3oBoi fiarpamu 3 (pazoBUMU JiarpaMaMy, OTPUMAHMMU [1J1S1 PO34YMHIB MOJiNENTU B 1oJi (ramma-6eH3u-L-
rinytamary) (ITBJIT) B gumetundopmamini (IM®DA). TTokazaHo sIKiCHe y3roJyKeHHs! OTPUMAaHUX Pe3yJbTaTiB 3

€KCIIEpMMEHTAIbHUMU JaHUMU [IJIS1 PO34YMHIB nosiinenTtuzis B gumetrwidgopmamini (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 SPT2bl 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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