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Pedepar:

1. Inceprarist NpUCBs4Y€Ha AOCHIIKEHHIO (a30Boi NOBEAiHKY i0HHUX PO3YMHIB 3 IBHUM BpaxXyBaHHIM
aHi30TPOITHOTO PO3YMHHUKA B 06'€Mi Ta B HEBIIOPSIAKOBAHOMY IIOPUCTOMY cepefoBuili. Cuctema rpecTaBieHa
MOJeJIIIo, IO BKJIIoYae ABi mizcuctemu: (i) ioHHa cucrema 3apsmxkenux teepaux chep HS (RPM mopnens); (ii)
mogesb TBepaux chpepounningpis HSC. HeBropsiikoBaHe IOPUCTE CepeloBUlIE NIPEACTaBIeHe 3aMOPOXKEHOIO

MaTpuUne€ro BUIIaJKOBO pOSMiH_LeHI/IX TBep]_IOCCl)CpHI/IX YaCTUHOK. K nepmm?l KpOK, ,I[OCJIi]_I)KeHO CUCTEMY Bi,[[]]iKy,



sxo10 Bucrynae HS /HSC cymim. [Ing ii onucy y3arajpHeHO Teopilo MacmTabHoi yactunku SPT i nposeneHo
IocimkeHHs (a3oBoi oBeAiHKU cymilni B 06'emi. [y Takoi Moziesti Mae Miclie i30TpornHo-HeMaTUIHUN Pa3oBuil
nepexizy;: Mpy MeBHUX KOHLEHTPALiSIX KOXKHOI i3 KOMIIOHEHT Y€pe3 OpieHTallifiHe BIIOPSAIKYBaHHS TBEPIUX
cpepOoLMITHIPUYHNX YACTUHOK CIIOCTEPIraeThCsl GOPMyBaHHSI HEMAaTUYHO] (pa3u, KOJIM aHi30TPOIHI MOJIEKYIN
OPIi€EHTYIOTbCSI B3[IOBX IIEBHOTO HANIPSIMKY. 3 6i(ypKaliiiHOro aHasnisy HesliHiiHOrO iHTerpaJIbHOTO PiBHSIHHS [171s1
yHapHOi opieHTalilHOI QPYHKLIi po3noniny nodynosaHo (a3oBi fiarpaMu CIIiBiCHyBaHHS i30TPOIHOI i HEMaTUYHO]
(da3. 36isbIIeHHHS KOHIEHTpalii TBepaux cpep 3cyBae 06J1aCThb CIiBiCHYBaHHS B CTOPOHY MEHIINX 3HAUY€Hb IYCTUH
TBepAUX cPepouunninapis. 3i 30ibIIEHHSIM PO3MipiB TBepIAUX cPep 06J1aCThb CIiBiCHYBAHHS PO3IIUPIOETHCS, A 3i
30iIbIIEHHSM YIIaKOBKY TBEpAUX cdep — 3BYyKyeTbCsl. Bukopucrosyiouu Teopito SPT, nociigkeHo ¢a3oBy
noBegiHKy gaHoi HS /HSC cymili B HEBIOPSIKOBAaHOMY [IOPMCTOMY Ce€peloBUILi. [I71s1 ONUCY CUCTEMU 3aCTOCOBAHO
IBa nigxonu: (i) 6idpypkaniiHuil aHali3 HeJTiHIMHOrO iHTErpajibHOrO PiBHSIHHS HAa YHAPHY Opi€eHTaLiliHy (QyHKIi0
posnoginy; (ii) TepMogMHAMIYHUI MiAXil, SKUI1 TPYHTYETbCS HA yMOBax (pa30Boi piBHOBaru. B pamkax
6ipypkaniiiHoro aHasisy OKa3aHo, 110 30ibIIEeHHS YIIaKOBKY MaTPULi 3cyBae 00J1aCThb CIiBiCHYBaHHS i30TPONHOI i
HEMAaTUYHOi a3 B CTOPOHY MEHIIMX 3HaY€Hb YIIAaKOBKU CyMillli, IpX LIbOMY 00JIaCTb CIIiBiCHYBaHHSI CTa€ BY)XXUO10. B
paMKax TepMOAMHAMIYHOrO Migxony nokasaHo, mo B HS-HSC cyMimi npy neBHUX KOHIIEHTpAlisiX TBEPAUX chHep
CIIOCTepiraeTbcsi TEHAEHIIis 10 pO3IapyBaHHZ, sIKA IIPOSIBIISIEThCS Y BUHUKHEHHI HeMaTH4YHoi $as3y, 36arayeHoi
TBEpIUMU chepouusiHapamMu Ta i30TpomnHoi ¢asy, 36arayeHoi Teepaumu cpepamu. JocigkeHo pa3oBy NOBEiHKY
iOHHOTO IJIMHY 3 SBHUM BPaxXyBaHHSIM HENUTPAJIbHOIO aHi30TPONHOIO PO3YMHHUKA B 00'eMi. [OHHNMI IIJIMH 3a7ja€ThC
0OME>KEeHOI0 ITPUMITHUBHOIO MOJieiiio RPM, sika ckyiaziaeTbCsl 3 OJJHAKOBOI KiJIbKOCTi IIO3UTUBHO i HETAaTUBHO
3apsIPKeHUX TBepAux chep 04HAKOBUX PO3MIpPiB. AHIZOTPOIIHUY PO3YMHHUK MOJEJII0ETHCS TBEPIUMU
ceponminapamu. [y1g onucy TepMOIMHAMIYHUX BJIACTUBOCTEN CUCTEMMU BifJTiKy oeiHaHo Teopito SPT ta
acouiaTuBHe cepegHboCchepudHe HabMKeHHs1 AMSA. BUBYaeThCs BIVIMB HEC(PEPUYHOCTI MOJIEKYJI PO3UYMHHUKA Ha
$a3oBy noBexiHky “pinuHa—pinuHa” cuctemu RPM-HSC nisixom posrisgy “eksiBasieHTHOI” cymimi RPM-HS, y axiit
HS yacTuHKY pO3YMHHMKA MalOTh Takui xe o6'eM sk HSC yactunku B mozeni RPM-HSC. [Ins gociimkeHHs
acoujanii Mk ioHaMU IIOPiBHIOIOTLCSI PE3YJIbTATH, OTPUMAaHi B HabakeHHsIX AMSA i MSA. [Toka3aHo, 0 3aBIsSK1
BpaxXyBaHHIO aCOLIaTMBHUX MIKIOHHMUX €(eKTiB y paMKax AMSA, Ha BigmiHy Bii MSA, Hec(peprU4HICTb MOJIEKYJI
PO3YMHHMKA MOXe CYTTEBO MiHATU a30By JiarpaMy iOHHOTO IIJIMHY Yepes AOJAHOK Bifl 3aKOHY [il0UMX Mac, 110
BM3HAYA€ThCSl KOHTAKTHUM 3HaYeHHSIM 6iHapHoi QyHKIi po3noziny ioHiB. BUKOpUCTOBYIOUM ITOEAHAHAHHS TEOPii
SPT i HabmkeHHst AMSA, nocrigkeHo (a3oBy NOBEAiHKY iOHHOTO IJIMHY 3 SBHUM BPaXyBaHHSIM HEUTPAJIbHOTO
aHI30TPOITHOTO PO3YMHHUKA Y HEBIOPSAIKOBAHOMY TOPUCTOMY cepenoBuili. [lokasaHo, o MOpucTa MaTpULg
CIIpHsie OpieHTaliliHOMY BIOPSAKYBAaHHIO c(pepoLuIiHpiB y 30araueHiil po3dYMHHUKOM (asi Ta 3cyBae 0671acTb
CIiBiCHYBaHHS B CTOPOHY MEHIIMX I'YCTUH Ta BULIMX TEMIIEPaTyp. 306iybIIeHHs HeC(PEPUIHOCTI YACTUHOK
PO3YMHHUKA PO3LIMPIOE 0671aCTb (Pa30BOro CIiBICHYBaHHS i 3CyBa€e B CTOPOHY BUIIUX TEMIEPATYP. 30iblIeHHS
THCKY B CUCTEMi CcIIpusie 3MilleHHI0 061acTi pa3oBOro CliBiCHyBaHHS “piiuHa—pinnHa” B CTOPOHY BUILMX
TeMIIEpaTyp i 6inbIIMX I'yCTHH. [JOCTiIKEHO, 110 HEBIIOPSIIKOBAaHE [TOPUCTE CEPEOBULILE 3HMXKYE CTYIIiHb
nucoujauii ionis. BusiByieHo, mo CTyniHb gucouianii B3J0BXK KPUBUX CIiBiCHYBaHHS y 30arayeHiil pO34MHHUKOM (¢asi
€ MEHIINH, HX y 36araueHin ioHamu ¢asi. Lle o3Havae, 1o criaprooBaHHS i0HIB Bifi0yBaeThCs GiIbLIOI0 MipOIO ¥
36araveHilt po3ynHHUKOM (Pa3i. l]g poboTa — nepie TeopeTUdHe AOCTiIKeHHs iOHHUX IJIMHIB, KOJIX BUBYAETHCS
BILJIMB aHi30TPOIHOCTI pO3UMHHUKA Ha Pa30BYy MOBEJiHKY CUCTEMH, i, HA JOJATOK [10 L1bOTO, BIJIUB

HEBIIOPAAKOBAHOT'O ITIOPUCTOTI'O CEPENOBUIIIA.

2. The thesis is devoted to the study of the phase behavior of ionic solutions with the explicit consideration of
anisotropic solvent molecules in the bulk and in a disordered porous media. The system is represented by a model
that includes two subsystems: (i) ionic system of charged hard spheres (HS); (ii) model of hard spherocylinders
(HS). A disordered porous media is represented by a quenched configuration of randomly distributed HS that form
so-called matrix. The generalization of the scaled particle theory (SPT) is used to describe the phase behavior of a
binary HS /HSC mixture in the bulk. For such a model there is an isotropic-nematic phase transition. Due to the
orientational ordering of HS particles the formation of a nematic phase is expected at certain concentrations of
mixture components. In this case anisotropic molecules are oriented along a certain direction. Phase diagrams of



the coexistence of isotropic and nematic phases are constructed from the bifurcation analysis of the nonlinear
integral equation for the singlet orientation distribution function. It is shown that the presence of HS shifts the
phase transition to the lower densities of HSC. With increasing of the sizes of HS the coexistence region is
expanded and with increasing of the packing fraction of HS the coexistence region becomes narrower. To study
the phase behavior of HS /HSC mixture confined in a disordered porous media, we propose an extention of the
SPT. Two approaches are used to describe such a system: (i) bifurcation analysis of a nonlinear integral equation
for a singlet orientation distribution function; (ii) a thermodynamic approach based on phase equilibrium
conditions. The bifurcation analysis shows that the increasing of the packing fraction of matrix shifts the
coexistence region of the isotropic and nematic phases towards lower packing fraction of a mixture, and the
coexistence region gets narrower. In the framework of thermodynamic approach it was shown that at certain
concentrations of HS particles the demixing processes occur in the coexisting phases, leading to the nematic
phase rich in HSC and the isotropic phase rich in HS. We have studied the phase behavior of the explicit solvent
model represented as a mixture of the restricted primitive model (RPM) of ionic fluid and neutral solvent particles
(HSC) in the bulk. RPM is represented by equal number of equisized positively and negatively charged HS. To this
end, we combine two theoretical approaches, i.e., SPT and the associative mean spherical approximation (AMSA).
The effect of asphericity of solvent molecules on the fluid-fluid phase transition is studied by considering an
“equivalent” mixture in which the HSC are replaced by HS of the same volume. To study an ion association
phenomena on the phase behavior of RPM-HSC and RPM-HS models, we also use the mean spherical
approximation (MSA) for comparison. It is shown that due to the mass action law term (MAL) in the AMSA, in
contrast to MSA, the asphericity of solvent molecules can significantly changes the phase diagram of the ionic
solution. Moreover, the MAL contribution depends on the contact value between ionic particles. To study the
phase behaviour of ionic solutions confined in a disordered porous media with the explicit neutral anisotropic
solvent, we combine SPT and the AMSA approximation. It was shown that porous matrix favours orientation
ordering of HSC in solvent-rich phase. Due to a disordered porous media a coexistence region shifts towards
lower number densities and towards higher temperatures. Asphericity of HSC makes a region of phase coexistence
wider and shifts towards higher temperatures. The increase of pressure leads shifts coexistence region towards
higher densities and higher temperatures. It was found that the degree of ion dissociation along the coexistence
curves in the solvent-rich phase is smaller than in the ion-rich phase. It means that the pairing of oppositely
charged ions is more preferable for solvent-rich phase. The presence of disordered porous media lowers the
degree of ion dissociation. This work is the first theoretical study of ionic solutions, which describes the effect of
anisotropy of solvent particles, and, in addition, the effect of a disordered porous medium on the phase behavior of
the system.
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