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1. O6’exT i mpenMeT mocmimkeHHs. O6'€KTOM OCTiMKEHHS € TIOTiMEP-TIOJIiMEePHi CUCTeMU, HAHOKOMITO3UTH Ta
nopucti marepianu 3 edpekrom nam’siti popmu (ETIP), cpopmoBaHi B yMoBax iHTEHCHBHOI IJIACTUYHOI fledopMaliii
Ta in situ ¢iopuanii. [IpegMeToM OOCTIIKEHHS BU3BHAYE€HO 3aKOHOMIPHOCTI (pOpMyBaHHS iXHbOI MOp¢oJIoTii,
($a3oBoro crany i 6araTopiBHEBUX CTPYKTYP y I0JliMep-TIOJIIMEPHUX CyMilllax i MMiHax, a TaKOX ixHill BIJIMB Ha
MeXaHiuHi BJIaCTUBOCTI Ta xapakTepuCTUKU 6araToctyneHesoro EI1®. MeTtonu nociigkeHHs. 11 KOMIIJIEKCHOTO
aHasli3y MarepiaiB 3aCTOCOBAHO IuQepeHLiiHy CKaHyBaJIbHy KaJIOPMMETPIl0 Ta TEPMOTPaBiMeTpilo (OLIiHKa
TEIJIOBMX NIEPEXOIiB i TEPMOCTabiIbHOCTI), pEHTT€HOCTPYKTYPHUI aHali3 i TBepAoTiNbHY SIMP ciekTpockomio
(BU3HAYEHHS KPUCTaJIIYHOCTI 1 MOJIeKyJIsIpHOI opraHizauii). Mopdosoriio 3pa3kiB BUBYaId METOLOM CKaHYBaJIbHOI
€JIEKTPOHHOI MiKpockorii. MexaHiyHi Ta peoJIoriyHi Bl1aCTUBOCTI OLiHIOBaJIX IIJIIXOM BUIIPOOYBaHb HA PO3TAT i
CTHUCK, a pyHKUioHanbHi napameTpu EII® — 3a koediuieHTamu ikcariii Ta BinHOBIEeHHS popmu. OCHOBHI HayKOBi
pe3yabTaTh. PO60TY NPUCBSIYEHO BCTAHOBJIEHHIO (PI3MYHUX MEXaHi3MiB KEPYBaHHS MiXK(A3HOIO B3a€MOJIIEI0 Ta

mMacmTabom ¢$a3oBOro po3zisieHHs A1l CTBOPEHHs 6araTocTyneHeBux martepiamiis 3 ET1®. locaimkeHo nBa



yHiBepcasbHi piznyHi nigxomy no mogudikauii ctpykryp. [lepmmnii migxin 6asyeTbcs Ha METOZ1 KpyY€eHHS i,
BHCOKUM THCKOM (Ha MpUKJIaLi cucTteMu nosinpornineH /nomaictupon — II1/T1C). Bin 3a6e3neuye TBeprodasHy
rOMOT€Hi3allil0 TepMOJMHaMIYHO HECYMICHUX I10JIiIMEPIB 3 IOCSATHEHHSIM OJHOPiIHOCTI HAa HAHOMAaCIITAaOHOMY PiBHi
(40-95 HMm). Taka cTpykTypa Gopmye LIMPOKUI CIEKTP «[IepeMUKaloInx» (switching) nomeHis i3 pisHuMu
TeMIlepaTypaMy CKJIyBaHHS Ta CTabiIbHUX «IIOCTIHMUX» (permanent) JoMeHiB. BctaHoBieHO, o cymim 50 mac.%
[IT / 50 mac.% I1C peanisye BupaxkeHuii noTpitHuil ET1® 3 MOXXJIMBICTIO HalalITyBaHHS TeMIIEpPaTyp akTUBallii.
[Tpu npomMy MOAYJIb MIPYXKHOCTI Ta MiLIHICTb 3pocTatoTh y 1,3-1,6 paza 6€3 BUKOPUCTaHHS XiMiYHUX
KoMnaTu6inizaropis. Ipyruil niaxin nossrae B in situ ¢piopusnii MiHopHoi ¢asu (Ha NpUKIIaAi CUCTEMU
nosisiaktug /6iononiamin — I1JIA /TIA). KepoBanuit nepexin miHopHoi ¢dasu I1A (5 mac.%) Bin HaHOKparesb 10
HaHOBOJIOKOH JI03BOJISIE CTBOPUTH (Pi3MYHO CILTyTaHY HAHODIOPUJISIPHY CiTKy 3 BAUCOKMM aCIEKTHUM BiJHOIIEHHSM,
sIKa BUKOHY€E POJIb €(PEKTHBHOI «IIOCTiIHOI» (pa3u. Lle cyTTeBo nocuioe MbkgasHy B3a€MO/Iil0, BHACJIiLOK YOro
moayJib npyxHocTi I1JIA 3pocrae B 1,4 pasa, a BifHOCHe NOJOBXeHHs 11pu po3pusi — y 30 pasis. [lapamerpu EI1O
TaKOXX 3HAYHO NOKpalyoThes: KoedilieHT ¢ikcauii minpuuryetbes 1o 97,4%, a koedillieHT BiiHOBJIEHHS — [IO
94,0%. Ha ocHOBi po3po6yieHux HaHoKoMm1o3uTiB I1JIA /TTA MmeTogom HagkputuiHoro CO2 - poyMiHry 6ys10
OTPUMaHO JIETKi nopucTi marepianu. HanopibpunspHa mop@ouioris cripuse ¢GOpMYyBaHHIO OPiOHOKIITUHHOI
CTPYKTYpH 3 By3bKHM PO3IIOZiJIOM IIOp, 1110 CKOPOUYE Yac BilHOBJIEHHS Ta IIOKpalllye XapakTepucTuku ¢ikcarii
dopmu MniHU. BUCHOBOK. 3apOIIOHOBAHI MiX0A1 CTBOPIOIOTh HAYKOBi OCHOBHU JJ151 IPOEKTYBAHHS «PO3yMHUX»
Marepiasis: iHTeHCcUBHa JedopMallisi oNTuMi3ye podoTy switching-nomeHis, a in situ ¢idpudLis 3MiHIOE
permanent-@dasy.

2. Object and Subject of Research. The object of the research is polymer-polymer systems, nanocomposites, and
porous materials with the shape memory effect (SME) formed under conditions of severe plastic deformation and
in situ fibrillation. The subject of the research is defined as the regularities governing the formation of their
morphology, phase state, and multilevel structures in polymer-polymer blends and foams, as well as their
influence on the mechanical properties and characteristics of the multistep SME. Research Methods. For a
comprehensive analysis of the materials, differential scanning calorimetry and thermogravimetry (evaluation of
thermal transitions and thermal stability), X-ray diffraction analysis, and solid-state NMR spectroscopy
(determination of crystallinity and molecular organization) were applied. The morphology of the samples was
studied using scanning electron microscopy. Mechanical and rheological properties were evaluated through
tensile and compression testing, while the functional parameters of the SME were determined by the shape
fixation and shape recovery ratios. Main Scientific Results. The work is devoted to establishing the physical
mechanisms for controlling interfacial interaction and the scale of phase separation to create multistep materials
with SME. Two universal physical approaches to structural modification have been investigated. The first approach
is based on the high-pressure torsion method (exemplified by the polypropylene /polystyrene — PP /PS system). It
ensures solid-phase homogenization of thermodynamically incompatible polymers, achieving uniformity at the
nanoscale level (40-95 nm). Such a structure forms a wide spectrum of "switching" domains with various glass
transition temperatures and stable "permanent” domains. It was established that the blend of 50 wt.% PP / 50
wt.% PS exhibits a pronounced triple SME with adjustable activation temperatures. Concurrently, the elastic
modulus and strength increase by 1.3-1.6 times without the use of chemical compatibilizers. The second approach
consists in the in situ fibrillation of the minor phase (exemplified by the polylactide /biopolyamide — PLA /PA
system). The controlled transition of the minor PA phase (5 wt.%) from nanodroplets to nanofibers allows for the
creation of a physically entangled nanofibrillar network with a high aspect ratio, which acts as an efficient
"permanent" phase. This significantly enhances the interfacial interaction, resulting in a 1.4-fold increase in the
elastic modulus of PLA and a 30-fold increase in the elongation at break. The SME parameters also improve
substantially: the shape fixation ratio increases to 97.4%, and the shape recovery ratio reaches 94.0%. Lightweight
porous materials were obtained based on the developed PLA /PA nanocomposites using the supercritical CO2
foaming method. The nanofibrillar morphology promotes the formation of a microcellular structure with a narrow
pore size distribution, which shortens the recovery time and improves the shape fixation characteristics of the
foam. Conclusion. The proposed approaches establish the scientific foundations for designing "smart" materials:



severe deformation optimizes the performance of switching domains, whereas in situ fibrillation reinforces the
permanent phase.

Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHH HaNpsSIM PO3BUTKY HayKH i TEXHIKHU: OyHnamMeHTasbHI HAyKOBI HOCIIIPKEHHS 3 HANGIIbII
BaXJIMBUX IPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOTr0, CyCIiIbBHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLiaNy 17151 3a0e311e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKPaiHU y CBiTi Ta CTAJIOr0 PO3BUTKY

CyCIIiNIbCTBA i Jep>kaBu

CrpareriyHuii NpiopUTEeTHUH HaNPSIM iIHHOBALiHHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIIA

BMPOOHHUIITBA MaTepiaJiB, ix 0OpobJieHHs i 3'elHaHHS, CTBOPEHHS iHyCTpii HAHOMAaTepiasliB Ta HAHOTEXHOJIOTIN
ITizcyMKH AOCIiAKEHHS: HoBe BUpIlEHHS aKTyaJbHOTO HAyKOBOTO 3aBIaHHs
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