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Pedepar:

1. Inceprauiiina po60oTa IpUCBIYeHa MOJEJIOBAaHHIO QYHKI[IOHAIbHUX [TOJIiIMEPHUX MaTepiasiB Ta ix BiIIyKy Ha
BiATIOBiJIHI 30BHIlIHI CTUMYIU. 30KpEMA, PO3IJISHYTI MATHETOYYTJIMBI €JJACTOMEPY Ha OCHOBI YaCTUHOK
KapOOHIJIIbHOTO 3a1i3a, POTOYYT/IUBI PiIKOKPUCTAIYHI TOJIiIMEPHI LIITKY, IO MiCTITh a300€H3€HOBI XxpoModopH, a
TaKOX TEPMOYYTJIMBI [TOJIiIMEPHI WiTKY 3 BJaCTUBOCTSIMU Noi(N-isonponinakpunamizy). JocmimKkeHHs
MarHeTouyTIMBUX enacToMmepiB (MYUE) Ha OCHOBI YaCTUHOK KapOOHIIbHOTO 3aJ1i3a CKIaAA€ThCs 3 AEKiIbKOX YACTHH.
ByJio 3pilicHeHe TIOPIBHAHHSA NIOTEHLiaIiB MarHiTHOI B3aeMogii pisHoro tumy. [lokasaHo, 1110 BpaxyBaHHS B3a€EMHOTO
HaMarHiyeHHs MK [1apolo IUTOJIiB B TPUHLIMII TO3BOJISIE OMUC KOJIOHOMOIIOHUX CTPYKTYP. JleTanbHilla MOJers,

10 6a3yeThCs Ha pO3B'sI3Ky piBHSIHHSA Jlamiaca [ JBOX MarHiTHUX cdep, BUKOPUCTaHa [J1s1 OTPUMaHHS I'YCTHHA



MarHiTHoi eHeprii cdepoiganpbHoro MUE y Habsm>KeHHi NApHUX B3aeMOJ . 3 BUKOPUCTAaHHSIM (POpMali3my
Mikpodcepy OTprMaHO BHpa3 [Jis PO3MarHivyBajbHOTo PaKkTopa, o 36iraeThCsl 3 BitoMUM y Teopii cyLisbHOTO
cepenoBuia. Jl0CiIpKEHO BILJIMB PO3MO/iNy YaCTUHOK Ha eeKT MarHeTocTpukii MUE. Po3ryisHyTi IpocTOpOBi
BIIOPSJIKYBaHHS 4acTUHOK Yy By3nax SC, FCC, BCC i HCP rparok. ®akTop MarHeTOCTPUKILii BUSBUBCS 3aJ1€5KHUM Bif
006'eMHOI YaCTKM YaCTHHOK, 110 He CIIOCTEPIrajioch [jisl BUMANKy B3aEMOZII0YNX AUIO0JiB. TakoX IoMiueHO
3aJIeXKHICTb (paKTOpa MarHEeTOCTPUKIi] Bif, opieHTallii rpaTKy BifHOCHO HAIIPSIMKY MarHiTHOTO I10Js, 110 BUJHO Ha
BigMiHHOCTSX y noBeninni MYE i3 FCC i HCP tunamu rpatok. CrioctepiraloTbCs riraHTChKi Bill'€MHi 3HaY€HHS
(akropa marHetoctpukii nyg SC, FCC i HCP rpaTok npu HabiM>KeHHi YaCTMHOK Ha BifiCTaHb GJIM3bKY [0 iX
IiameTpa, 110 MOXKe OYTHU HaC/IiTKOM BUKOPUCTAHUX HAGJVDKeHb. IHNi PyHKLiOHAIbHUI MaTepias: nojiMepHa
IIiTKA i3 pigKOKpUCTaNiYHUX [10JIiMEPIB, 1110 MIiCTSITh y CBOiX 6iYHUX Ipynax a3006eH3eHOoBi xpomodopu. Taka 1iTka
Moxe (popMyBaTH OGHOBICHY I1aHapHy ¢azy (OIID) 3 poTokepoBaHUM HANIPSIMKOM HEMATUYHOTO AUPEKTOPA, 10 €
BaKJIMBUM [1J151 IPUIIOBEPXHEBOTO BIOPSIKYBAHHS HU3bKOMOJIEKYJIIPHUX PiAKUX KpUcTais. [IpoBeneHo
nocinxkeHHs ymoB popmyBaHHs OIT® 3a onomoroo MeToziB orpy6seHoi MoseKyisspHoi auHamiku. [TokasaHo, 1110
SKILO BCi XxpoMoopu NNepedyBaloTh y HEME30I€HHOMY CTaHi Cis, BIOPSAKOBAHO] MJIaHAPHOI (pa3y He BUHUKAE Y
BCbOMY JOCJIiJIKYBaHOMY [iarna3oHi ryCTHH WTKU. Y BUNAAKY, KOJIU BCi XxpoModopu nepebyBalTh Y ME3OT€HHOMY
cTaHi trans, caMmooprasisalis Npu3BOJIUTD JIMIIE 10 BUHUKHEHHS JIOKAJIbHOTO BIIOPSIKYBaHHS. 3PEIITOIO, KO
opieHTallist XxpoMO(QOpPiB KOPOTKO HABOAUTHCSI OPIEHTYIOUMM I10JIEM, 11O IMITYy€ IIOJISIPU30BAHE CBiTJIO, OTPUMYETHCS
crabisnpHa OIID y BU3HaYeHOMY [iana3oHi [yCTUHU WIiTKY i TeMiieparyp. [IpoBegeHO MOJIeII0BAaHHS 117151 TaKO1
PiIKOKpHUCTaNiYHOI WiTKY SIK (PYHKLIOHAJIBHOTO MaTepiany 30aTHOro afcopoyBaTy HaHoYacTuHKU (HY), siki
IleKOPOBaHi JliraHamMu 3 pilkoKpuCTaliYHUMU rpynaMu. Poarisinyto apcop6uito HY 3a ymoBu #ii cBiTsia BUpnmoi
IinsHKY criekTpa. Ha ocHoBi aHasnizy npodinis ryctuHr HY BCTaHOBJIEHO iCHYBaHHS XapaKTEPHOi I'yCTUHM LIITKU
L7 ONITUMAaNbHOI afcop6uii HY Ha Hill, 10 MOSICHIOETHCS 3DOCTAaHHSIM KiJIbKOCTI aiCOPOOBAaHUX YACTUHOK i3
3POCTOM KiJIbKOCTi XpoMO(OPIB y WIiTL, SIK HACAITOK 3pOCTaHHS T'YCTUHU CaMOi IITKU. A TaKOX [OAA/IbIINM
3MEHIIEHHsM afcopboBaHux HY, yepe3 HEMOXJIUBICTD JJ1s1 HUX IPOHUKHYTH BCEPELUHY I'yCTOI WiTKU. ATCOpOLis
HY nigTBepAXyeThCs NOCIKEHHSIM CepeIHbOKBAIPAaTUYHOTO BinxuneHHs: HY, sike BKazye Ha 3HEPYXOMJIEHHS
ancopboBanux HY y mitii, ane He y 06'eMi. TakoX, BUKOPUCTOBYIOUN METOZ, IUCUTIATUBHOI JUHAMIKY, TOCIIiIKEHO
MOZieJib TEPMOYYTIMBOI PYHKLIOHAIBHOI IOBEPXHi y BUIJISIAL MOJIIMEPHO] IIiTKY, 110 Ma€ BJIACTUBOCTI 110i(N-
isonponinakpunaminy) (ITHITIAM). lgpodinbHicTb 4u rinpodobnicTs Mosnekya I[THITIAM nwkye T<LCST i Bue
T>LCST HIXHBOI KPUTUYHOI TEMIIEPATYPU PO3YMHHOCTI BiOOPAKEHO Yepe3 apaMeTpU3allilo B3aeMOoZii nosimep-
PO34YMHHUK 3rinHo pobotu CoTto-@irepoa Ta iH. CKeliHroBi 3aKOHU pafiyca ripauii Ta iHIKUX XapaKTepPUCTHUK JIS
OKPEMOTO JIAHIII0>KKA HEIOraHoO y3TOAKYIOThCSI i3 TUIIOBMMU [TOKa3HUKaMU [1J1s1 II0J1iMePiB y foopomy, ipu T<LCST,
i noranomy, T>LCST, posunHHuKax. [Ij1s noiMepHOI LiTKK MOJeJIb Ilepeoadae iCHyBaHHS ONTHMAaJbHOI T'YCTUHA
IpULINUJIEHHS nosiMepis 0g=0.3, 3a sIKOi 3MiHa XapaKTepUCTUK (POPMU iHIUBIIyaTbHUX JIAHLIOXKKIB €
MakcuMasbHOIO Tpu nepexoi yepes LCST. Takuii edekT MosICHEHO, B paMKax Teopii AnekcaHppa i ne Kena,

piBHI/IMI/I I'yCTUHaMU IIEPEKPUTTS [JId ABOX TEMIIEPATYPHUX pe)KI/IMiB Ta BUTICHEHHSIM PO34YMHHMKA 3 I’YCTOi HliTKI/I.

2. This thesis is devoted to the study of the response of functional polymer materials to the external stimuli. The
magneto-sensitive elastomers filled with carbonyl iron particles, photo-responsive liquid crystalline polymer brush
with azobenzene chromophores, and thermo-responsive polymer brush with the properties of poly(N-
isopropylacrylamide) were considered. Study of the properties of magneto-sensitive elastomer (MSE) consist of
several parts. Different models with their magnetic energies of interaction between pairs of particles were
compared. It was found that mutual magnetisation of dipoles is enough to describe column-like structures. More
detailed model, derived from the solution of the Laplace equation for two magnetizable spheres, was used in order
to describe density of the magnetic energy of spheroidal MSE in pairwise approximation. It was shown, using
micro-sphere formalism, that demagnetization factor is the same in such approach as in the theory of continuous
media. Dependency of MSE's magnetostriction on the spatial distribution of magnetic particles was considered.
The spatial distributions of the magnetic particles considered were SC, FCC, BCC and HCP lattices. It was found
that magnetostriction factor depends on the volume fraction of the particles, which was not observed for dipoles.
The magnetostriction factor is dependent on orientation of the lattices with respect to the magnetic field, which is



exemplified by the differences between HCP and FCC lattices. This model predicts very large but finite negative
values of magnetostriction factor in the case of FCC, HCP and SC lattices and distances between nearest neighbors
close to the diameter of the particle, which is likely a result of used approximations. The next functional polymer
material considered was liquid crystalline brush (LCPB), consisting of polymers of comb-like architecture with
azobenzene chromophores in their side-chain groups. Uniaxial planar (UPL) arrangement for chromophores in
such a brush with photo-controlled director of nematic order is possible. The exposure to UV light, with all
chromophores in cis polar non-mesogeneic state, does not lead to UPL formation. Similarly, during the Vis. light
exposure, with all chromophores in trans mesogenic non-polar state, self-assembly results in local ordering only.
Contrary to that, the short exposure to the aligning field, mimicking the polarized light, allowed to obtain UPL
phase in the appropriate range of grafting densities and temperatures. The modeling of the similar LCPB as
adsorbing surface for nanoparticles (NP), decorated with polymer chromophore ligands was also considered. The
adsorption was taking place under Vis. light irradiation. It was found to depend on grafting density non-
monotonically with the presence of some optimal grafting density. At first, the efficiency increased with the
density due to mere increase in the number of chromophores in the brush, later the brush becomes dense and
steric effects did not allow NP to penetrate inside the brush. These findings were supplemented with the study of
mean square displacement of NP inside brush, which show them to be frozen, contrary to the NP in the bulk. Also,
using dissipative particle dynamics, the model of polymer brush with properties of poly(N-isopropylacrylamide)
(PNIPAM) was considered. Change of hydrophilic character of polymer below T<LCST to hydrophobic above
T>LCST lower critical solution temperature was mapped to the interactions between polymer and solvent particles
according to Soto-Figueroa et al. The single polymer chain scaling laws were checked for radius of gyration and
other characteristics, it was shown to be in good agreement with good solvent behavior for T<LCST and slightly
smaller compared with the poor solvent behavior when T>LCST. For the polymer brush, the existence of optimal
grafting density ng=0.3 was found, for which changes of the shape characteristics of individual polymers was
maximal at transition of LCST. This phenomena can be explained, within the formalism of Alexander and de
Gennes, by the different overlap grafting densities at two temperature regimes and by expulsion of the solvent
from the dense brush.
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