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Pedepar:

1. Incepranist NpUCBsAY€Ha AOCHIIKEHHIO (a30Boi NOBEIIHKY, a TAKOX €(EKTIB (PpaKLioHyBaHHS MiX ¢pazamu
YACTUHOK TOJIiAMCIIEPCHUX KOJIOIIHUX i OTIMEPHUX CUCTEM B 06'€Mi Ta Y HEBIIOPSAKOBAHOMY [TOPHCTOMY
cepenoBuili. OCHOBHOIO IIPOGJIEMOIO 1711 TEOPETUYHOr0 onucy $a3zoBoi NOBeIiHKY MOJiIUCIIEPCHUX CyMillleil €
(dyHKUiOHaIbHA 3aJI€XXHICTb BiZIbHOI eHeprii ['esibMrosibLia cucTemMu Bif QyHKIiI po3noziny 1o coprax. Sk pesysbrar,
yMOBHU (pa30BOi piBHOBAru (POPMYJIIOIOTHCS SIK CUCTEMA HECKIHYEHHO] KiJIbKOCTi PiBHSHb, TOOTO XiMiUHMI MOTEHLia
17151 KOKHOTO 3HAa4Y€HHSI HEIIEPEPBHOTO iHAEKCY COPTY MIOBMHEH OYTH OHAKOBUI B KOXKHIl criBicHy10uil pasi.
OTpumMaTtu po3B’s130K TaKOi CUCTEMU PiBHSHb [1J1s1 BiIbHOI eHeprii ['esibMrosiblia JoBiIbHOT GPOPMU € PAKTUIHO
HEMOXJIMBO. B mucepTauiiiHiil poboTi y3araJbHEHO Ta 3aCTOCOBAHO CXEMY, 1Ka OyJia pO3BUHEHA [J151 OOYMCIIEHHS
(a3oBUx Aiarpam NoJiAUCIEPCHUX CyMillel, sIKi OIUCYIOTbCS MOAEsIMU 06pi3anoi BinbHOI eHeprii (OBE), To6TO

MOZeJIsSIMY, BijibHA eHeprist ['esIbMrosiplia sIKX BU3HAYA€THCSl CKIHYEHHUM YHMCJIOM y3arajbHeHUX MOMEHTIB QyHKILi



posnoginy no coprax. OcraHHst ocobauBicTb Mozeseit 3 OBE nossosisie chopmymoBaTi yMOBU (Pa3oBoi piBHOBAru
K CUCTEMY CKiHYEHHOI KiJIbKOCTi PiBHSHb [I719 IUX MOMEHTIB. BUKOPUCTOBYIOUU OPYTUIl IOPSATOK
TepMoarHaMiuHoi Teopii 306ypeHs bapkepa-Xenaepcona (TT3-5X2) nocnigkeHo ¢pa3oBy [10BeLiHKY KOJIOiIHOI
cucteMu B 06’eMi, 1110 IpeICTaBIIeHa MOJiANCIIEPCHOI0 CYMillIIIIo TBepAUX cdep i3 Baemogieto Tuiy Mop3se rpu
BHCOKMX CTYIIE€HAX IOJIAUCIIEPCHOCTI 3 MOJIAUCIIEPCTIO 110 €HEPrii B3aeMOo/ii, 8 TAKOXK 110 pO3Mipax YaCTHUHOK i
eHeprii B3aeMogii onHo4acHo. B Tonosiorii fBodasHux niarpam, Npyu BUCOKOMY CTYyIIE€Hi [10JiAMCIIEPCHOCTI
CIIOCTEpiraloThCs HOBi BJIACTUBOCTI: Ha JOJATOK A0 3BUYaiHOi KPUTUYHOI TOUKY ra3-piiuHa, 3'aBJsSIE€TbCS Apyra
KPUTUYHA TOYKA, SIKa 3yMOBJIEHA IMOJIiAUCIIEPCHICTIO, BiATIOBIAHO KPUBi XMapH Ta TiHi IepeTUHAIOTLCA OBivi, i KOKHa
3 HUX YTBOPIOE 3aMKHEHY IeTJI0, IPUYOMY pijMHHA i ra3oBa riJiku KpUBOi XMapy Maiike 36iraloTbcsl. [Ipyu neBHOMY
IrPaHMYHOMY 3HAYEHHI IHAEKCY NOJIIUCIIEPCHOCTI KPMBi XMapU Ta TiHi CKOPOYYIOTbHCS i 3HMKAIOTh. TaKoX
BMKOPHUCTOBYIOYM BUCOKOTeMIlepaTypHe HabmwkeHHs (BTH) ta cepennbocdepuyne HabmvkeHHs (CCH) aHanoriyny
($ha30By OBeiHKY OTPMMAaHO [JIs iHIIOI KOJIOIAHOI CUCTEeMH, IO ITPEeICTaBIeHa MTOJIAMCIIEPCHOIO CYMIIIIIIIO
TBepAuX cdep 3 Blaemoieto IOkaBu 3 MOJiAUCIIEPCHICTIO 110 eHeprii B3aemogii. TakoX A1l OCTaHHBOI MOJIeJli BUIIe
[bOT'0O I'PAaHUYHOr0 3HAYE€HHS iHJEKCY NOJIiAUCIEPCHOCTI i IPU HIDKYMX TEMIIEpaTypax OTPUMaHO TpudasHe
criBiCHyBaHHSI. B 3arajibHOMY CIIOCTepiraeTbCs JOOPe y3ro’KeHHS MK IBOMa TEOPEeTUYHUMU HabsvkeHHs MU, BTH
ta CCH. Hamwi pe3yspTaTil MigTBEPIPKYIOTH SIKiCHI NepenoadyeHHs A 4Bo¢dasHoro Ta TpudasHoTro CIIiBiCHYBaHHS,
Ki Oy/i1 OTPUMAHI paHillle B paMKax HabJIVDKeHHs BaH fep Baanbca. [lasi, BUkopuctoByouu noegHansus BTH ta
teopii MacmrabHoi yacTuHkU (TMY) nocigpkeHo (pazoBy NOBEAiHKY OCTAaHHBOI MOZEJI, ajle B HEBIIOPSIKOBAHOMY
[IOPUCTOMY CEPELOBUILI, SIKE NPEACTaBIEHE MAaTPULEIO BUMAIKOBO PO3MILIEHUX TBEPIOC(PEPHUX YACTUHOK.
3anpornoHOBaHO OpUTiHATIBHUI METOJ aHAJIITUMHOTO PO3PaxyHKy pagianbHoi QyHKUi po3nopiny TBepgochepHoi
pinuHu B TBeppocdepHiit maTpuli. OTpuMaHo NOAIOHY 1BO- Ta TPU(A3HY IIOBEAIHKY SIK i B 00'€MHOMY BUIIAJKY,
npote ToAi 1i (pa30Bi nepexoau 0yay 3yMOBJIEHI 3pOCTaHHSIM MOJIAUCIIEPCHOCTI, a TENEP Il i 3aBASKU
XapaKTepUCTHUKaM [TIOPUCTOTO CEpPefoBUILA (30KpeMa I'yCTUHY MaTpULi Ta BiHOIIEHHS PO3MipiB YaCTMHOK MaTpULli
IO PO3MipiB YaCTUHOK piauHM). TOOTO 32 paxyHOK MaTPULli iCTOTHO 306i/bIIyeThCs €(PEKT MOJiAUCIIEPCHOCTI.
Briepiue rokasaHo, 110 OPUCTe CEPEAOBULIE IIPU CEPENHIX MOJAUCIEPCHOCTIX KOHKYPYE, & IIPU BEJIMKUAX —
nigcuioe epeKT NnoJiAucnepcHocTi. I HaocTaHOK, BUKOpUCTOBYIOuM noegHanHs TT3 Beprxeiima Ta TMY
mocinkeHo ¢pa3oBy IOBEAIHKY [10JIiMEPHOI CUCTEMH, 110 ITpeJCTaBjeHa MOJiIUCIIEPCHOIO 110 JOBXKUHI JIaHLiora
CYMIlIIITIO JIAHIIOTOBUX MOJIEKYJI 3 OAATKOBOIO B3a€MO/Ii€l0 KBaJIPATHOI IMU, B HEBIIOPSIIKOBAHOMY IIOPUCTOMY
cepenosuli. [TokazaHo, o 114 Takoi nosiMmepHoi cuctemMu (pa3oBa MOBEAiHKA CUCTEMU BU3HAYAETHCS
KOHKYPEHIIi€I0 MIXK MOJiJTACIEPCHICTIO Ta BJIACTUBOCTSIMU IIOPUCTOTO CEPENOBUILA. Y TOM YacC SIK MOJiAUCIIEPCHICTD
3YMOBJIIO€ PO3LIMPEHHS 00J1aCTi (a30BOro CIiBiCHYBaHHS 32 PaXyHOK IiJIBUILIIEHHS KpPUTUYHOI TeMIIepaTypu,
[IOPUCTE CEPENIOBHUIIE 3MEHIIYe 3HAYEHHS 1K KPUTUYHOI TEMIIEPATYPH, TaK i KPUTUYHOI I'yCTUHU, POOJISTIM 06J1aCTh
(a30BOro CiBiCHYBaHHS BY>K4O0!0. 31 361/IbII€HHSIM BiIHOIIEHHS PO3MipiB YaCTUHOK PilMHU 10 PO3MipiB 4aCTUHOK
Martpuili e epeKT MoCuIeTbcsl. Takox 30iNbIIeHHS CepeIHbOI JOBXUHU JIaHLIoTa ITpY HiKCOBAaHMX 3HAUYEHHSIX
NOJIiJMCIIEPCHOCTI Ta T'YCTUHY MaTpHULi 3Milllye KPUTUYHY TOUYKY [0 BUILIOIO 3HAYEHHS TEMIIEPATYPH Ta TPOXU
MEHIIOi ryCTUHMU. JlocmimkeHo epeKkTH (PpaKLioOHYBaHHS YaCTUHOK MOJIiIUCIIEPCHUX KOJIOIHUX Ta MOJIIMEPHUX
CHCTEM SIK B 00’eMi, Tak i y mopuctomy cepenosui. [TokazaHo, mo cTymniHb GpakLioHyBaHHS 3aJI€XUTh Bif,
TeMIepaTypu. Y BCix BUNaKaX YaCTUHKHU 3 GI/IbIIMMY 3HAUEHHSIMU aTpUOyTy NoJjiaucnepcHocCTi (po3mipy, eHeprii
B3a€MOJii UM JOBKMHU JIAHII0Tra) PPaKLiOHYIOTb B BUCOKOTYCTUHHY (PifKy) ¢pasy, a YaCTUHKMU 3 MEHIIVMU

3HaUYEeHHSIMU — (QPaKIiOHYIOTb B HU3bKOI'YCTHHHY (ra3oBy) ¢asy.

2. The thesis is devoted to the study of the phase behavior and fractionation effects of colloidal and polymer
systems in bulk and random porous media. The major challenge for a theoretical description of the phase behavior
of polydisperse mixtures is due to the functional dependence of Helmholtz free energy of the system on the
distribution function of species. As a result, phase equilibrium conditions are formulated in terms of the set of an
infinite number of equations, e.g. chemical potential for each value of the continuous species index should be the
same in each of the coexisting phases. Solution of such a set of equations for Helmholtz free energy of arbitrary
form is next to impossible. We have extended and applied the scheme developed to calculate the phase diagrams
of polydisperse mixtures described by the truncatable free energy (TFE) models, i.e., the models with Helmholtz



free energy defined by the finite number of the moments of the species distribution function. The latter feature of
the TFE models enables one to formulate the phase equilibrium conditions in terms of a finite set of equations for
these moments. To calculate the phase behavior of colloidal system, which is represented by polydisperse hard
sphere Morse mixture, we propose an extension of the second-order Barker-Henderson perturbation theory. The
theory is used to describe the liquid-gas phase behavior of the mixture with different type and different degree of
polydispersity. In addition to the regular liquid-gas critical point, we observe the appearance of the second critical
point induced by polydispersity. At high degree of polydispersity, several new features in the topology of the two-
phase diagram have been observed: the cloud and shadow curves intersect twice and each of them forms a closed
loop of the ellipsoidal-like shape with the liquid and gas branches of the cloud curve almost coinciding. With
polydispersity increase, the two critical points merge and finally disappear. Approaching a certain limiting value of
the polydispersity index, the cloud and shadow curves shrink and disappear. Beyond this limiting value,
polydispersity induces the appearance of the three-phase equilibrium at lower temperatures. The same phase
behavior we obtain for other colloidal system, which is represented by polydisperse hard sphere Yukawa mixture
in the framework of high temperature approximation (HTA) and mean spherical approximation (MSA). In general,
good agreement was observed between predictions of the two different theoretical methods, i.e., HTA and MSA.
Our results confirm qualitative predictions for two- and three-phase coexistence obtained earlier within the
framework of the van der Waals approach. Also we have studied the phase behavior of polydisperse Yukawa hard-
sphere fluid confined in random porous media. The study is carried out using extension and combination of the
HTA and scaled particle theory (SPT). We propose an analytical expression for the radial distribution function of
the hard-sphere fluid in the hard sphere random matrix. Due to the confinement, polydispersity effects are
substantially enhanced. At an intermediate degree of fluid polydispersity and low density of the matrix, we observe
two-phase coexistence with two critical points, and cloud and shadow curves forming closed loops of ellipsoidal
shape. With the increase of the matrix density and the constant degree of polydispersity, these two critical points
merge and disappear, and at lower temperatures the system fractionates into three coexisting phases. A similar
phase behavior was observed in the absence of the porous media caused, however, by the increase of the
polydispersity. To study the liquid-gas phase behavior of polymer system, which is represented by polydisperse
hard-sphere square-well chain fluid confined in the random porous media, we propose and apply an extension of
Wertheim’s thermodynamic perturbation theory and its combination with SPT. Thermodynamic properties of the
reference system, represented by the hard sphere square-well fluid in the matrix, are calculated using
corresponding extension of the second-order Barker-Henderson perturbation theory. We study effects of
polydispersity and confinement on the phase behavior of the system. While polydispersity causes increase of the
region of phase coexistence due to the critical temperature increase, confinement decreases the values of both
critical temperature and critical density making the region of phase coexistence smaller. This effect is enhanced
with the increase of the size ratio of the fluid and matrix particles. Fractionation effects of colloidal and polymer
systems in bulk and random porous media also have been studied. The degree of fractionation depends on
temperature. In all cases, particles with larger values of the polydispersity attribute are fractionated into a high-
density (liquid) phase, and particles with lower values are fractionated into a low-density (gas) phase.
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