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1. CTpyKTypHa caMooprasisaiiis nojiMepHUX MaTepiasiB pi3HOi apXiTeKTypH, iHIYKOBaHA iHTEHCUBHOIO

MJIACTUYHOIO JedopMaliiero

2. Structural self-organization of polymer materials of different architecture induced by severe plastic deformation

Pedepar:

1. O6'exT pocnipxenHs: Epexru ta ¢iznyni ABMIIA, 10 00YMOBIIOIOTL CTPYKTYPHY MOAM(IKaILiIO MOTiMEPHUX
MarepiasiB B yMOBax iHTEHCHUBHOI IIJIaCTUYHOI Aedopmaliii. MeTa JoCiIKeHHS: BCTAHOBJIEHHS 3aKOHOMiIpHOCTEN
dhopMyBaHHS Ta €BOJIOLII CTPYKTYP Ha Pi3HUX PiBHSX iXHbOI opraHizauii (HaHO-, MiKpO Ta MakpomMaciuTad) B
noJslimepax pisHoi 6y0BU (aMOpPHUX i aMOPPHO-KPUCTAJIIYHMX) Ta KOMIIO3UTAX Pi3HOI apXiTEKTypU B Pe3yJjbTaTi
Iii iHTeHCUBHOI IIJIaCTMYHOI AedopMallii, 0 peani3yeTbCsl B yMOBax AedopMallii IPOCTOro 3CyBY i BUCOKOTO TUCKY,
BUSIBJIEHHS XapaKTepy 3aJIEXKHOCTI BJIACTUBOCTEN LIMX MaTePiasliB Bif, CTPYKTYPHOTO CTaHy. MeTonu LOCiIKEHHS
Ta anapaTypa: CKaHyBaJlbHa i TpaHCMiciliHa esleKTpOHHa MiKpOCKoIlis, iHppayepBoHa Ta paMaHiBChbKa
CIIEKTPOCKOIIii, pEHTT€HOCTPYKTYPHUM aHai3, qudpepeHLiiHa CKaHyBalbHa KaJIOPUMETPis, AMHAMIYHNN
MEXaHIYHMI aHasi3, MeXaHiuHi Ta TpUOOJIOriYHI BUIIPOOYBAHHS, IIOPOMETPIsl, BUMIPIOBAHHS €JIEKTPUYHOrO OIOPY,

T'YCTHHY i BOAONOIIMHEHHS. TeOpeTHyYHi i IPaKTUYHI pe3yJIbTaTy: BUBHAYEHO 3MiHU CTYIIE€HS OLHOPIIHOCTI i



(parmeHTalii €JIEMEHTIB HAIMOJIEKYJIIPHOI CTPYKTYPH, XapaKTepy OPi€HTaLitHOrO NOPSAKY i po3noziny
opieHTOBaHUX QiOpuUJ 32 IepeBaKHMMU HallpSIMKaMU OpieHTallii, 06'eMHOi 4aCTKU i CTYIIE€HSI JOCKOHAJIOCT]
KPUCTAJIITiB P BapiloBaHHI CXeMU Ta MapamMeTpiB iHTEHCUBHOI NIJIACTUYHOI Aedopmallii (IHTEHCUBHOCTI
Inedopmalii, BeJIMYMHU HAKONIMYEHOI IVIACTUYHOI Jedopmaliii, Temneparypu Ta LIBUAKOCTI Aedopmaliii, criocody
aKyMyJIsLii naacTuyHoi gedopmatiii). BctaHOBIEHO 3aKOHOMIPHOCTI BIIJIMBY OY0BU, MOJIEKYJISIPHOI MacH Ta
Mopdosiorii BUXiIHUX MOJiMepiB, HAasBHOCTI, TUITy Ta MOpPQoJIOrii HAHO- Ta MiKPOHAaIOBHIOBAYiB Ha Ilepeodir
CTPYKTYPHUX Ta (pa30BUX I1epeTBOPEHD, 1110 BiIOyBaIOTHCS B OJIMEPHUX MaTepiasax Mij] BIJINBOM iHTEeHCUBHOI
IJIaCTUYHOI Aedopmalii. BusHaueHo koMIieKke Gi3nyHMX i PYHKLIOHAJIbHMX BJIACTUBOCTEN aMOP(PHO-
KPUCTIIYHUX, aMOP(HUX I10JIiMepiB Ta KOMIIO3UTIB, C(POPMOBAaHUX B YMOBax iHTEHCUBHOI IIJIACTUYHOI Aedopmaliii.
CtBOpeHi 6araTodyHKIiOHaNbHI MaTepiany, 10 XapaKTepU3yI0ThCsl YHIKaJIbHUM I10€IHAHHSIM 6araTopasoBo
NiABUILEHNX 3HAYEHb TBEPOCTI, MilJHOCTI (32 HU3bKOI aHi30TPOIIii OCTAaHHIX) Ta 3HOCOCTIMKOCTI IIPU 30€pE>XKEHHI
IIJIACTUYHOCTI Ha PiBHI BUXiZHUX 3pa3kiB. [IOpiBHAHO 3 OCcTaHHIMU, 36i/1bIIYIOTHCS TYCTHHA, TEMIIEpaTypa
IJIaBJIEHHS / CKJIyBaHHS, JOCSTae€ThCs OJHOYACHE Ta HE3aJIEXKHE BiJl HANPSIMKY HABAaHTAKEHHS MiJBUILEHHS
IPY>KHUX, MIIJHICHUX, YAApHUX Ta MJIACTUYHUX XapaKTepUCTHUK. B 06'eMHMX 3pa3kax aMOp(pHO-KPUCTATIYHUX
noJliMepiB Ta KOMITO3UTIB HA iX OCHOBI, peasni3oBaHo 6iakcianpHuil “iHBapHUIL” €(eKT, KoM B IIMPOKOMY iHTepBasi
TEeMIIEpPaTyp CIIOCTEPiraloThCsl 3HaYeHHs KoedilieHTa 1iHifHOTO TePMiYHOTO PO3LIMPEHHS SIK B IIOIIEPEYHOMY, TaK i
B II0JIOBXXHbOMY Il€pepi3ax, CIiBCTaBHi i3 3HaUeHHSIMHU KoeillieHTa JIiHITHOTO TepMiYHOTO PO3MIUPEHHS iHBApHUX
CI71aBiB. Y BUNAJKY AUCIEPCHUX €J1IeKTPONPOBiAHUX HAHOHAIIOBHIOBAYIB (ByIJleleBi HAHOIJIACTUHU, HAHOTPYOKH)
II0Ka3aHO MO>KJIMBICTD MOJIMIIEHHS €JIeEKTPOIPOBITHOCTI KOMIIO3UTIB 6€3 MOsBH ii aHi3oTpomii. BusiBneno
MOXUJIUBICTb (POPMYBAHHS CIleLliaJIbHUX CTPYKTYP, TAaKUX SIK IPalieHTHI abo ribpuHi, min giero iHTeHCUuBHOI
acTuyHoi fedopmatiii. HoBu3Ha: Briepiue BUpillleHa BaKIMBa HayKoBa MpobJieMa 1j0/10 BUSBIIEHHS
MOXJIMBOCTEH, 3arajlbHUX 3aKOHOMIPHOCTEN Ta 0OCOOJIMBOCTEN METO/IIiB iIHTEHCHBHOI INIACTUYHOI fieopmalii npu
aKkTUBallii Ta KEpyBaHHI IpolLiecaMy caMoopraHizaliii, sIKi Bii6yBaloTbCs Ha Pi3HUX PiBHSX (HAHO-, MiKpoO- Ta
MakpomaciuTad) CTpyKTypHOI opraHisallii nosiMmepHux maTepiaiiB pi3Hoi OymoBu Ta apxitekTypu. Cdepa (ranyssp)
BUKOPUCTAHHS: MiKDOBUPOOHHUIITBO, 3arajibHe, CepeHE Ta TOYHE MAIINHOOYyBaHHSI.

2. Object of research: effects and physical phenomena that cause structural modification of polymeric materials
under severe plastic deformation conditions. Aim of the work: establishment of the regularities of formation and
evolution of structures at different scale levels of their organization (nano-, micro and macro-scale) in polymers of
different structure (amorphous and semicrystalline) and composites of different architecture as a result of severe
plastic deformation realized by simple shear deformation and high pressure, identification of the nature of the
dependence of the properties of these materials on the structural state. Research methods and equipment:
scanning and transmission electron microscopy, infrared and Raman spectroscopy, X-ray diffraction analysis,
differential scanning calorimetry, dynamic mechanical analysis, mechanical and tribological tests, dilatometry,
measurement of electrical resistance, water absorption, density. Theoretical and practical results: changes in the
degree of homogeneity and fragmentation of elements of supramolecular structure, the nature of the orientation
order and distribution of oriented fibrils in the preferred directions of orientation, volume fraction and degree of
perfection of crystallites with variation of the scheme and parameters of severe plastic deformation (deformation
intensity, deformation rate deformation, the method of accumulation of plastic deformation) have been
determined. Regularities of influence of structure, molecular weight and morphology of initial polymers, presence,
type and morphology of nano- and microfillers on the course of structural and phase transformations occurring in
polymeric materials under the influence of severe plastic deformation have been established. A set of physical and
functional properties of semicrystalline, amorphous polymers and composites formed under conditions of severe
plastic deformation has been determined. Multifunctional materials have been created, which are characterized by
a unique combination of repeatedly increased values of hardness, strength (with low anisotropy) and wear
resistance while maintaining plasticity at the level of the original samples. Compared to the original one, the
density, melting /glass transition temperatures increase, and an increase in elastic, strength, impact and plastic
characteristics has been achieved simultaneously and independently of the load direction. In bulk samples of
semicrystalline polymers and composites based on them, the biaxial "invar" effect has been realized, when in a



wide range of temperatures the values of the coefficient of linear thermal expansion are observed both in cross
and longitudinal sections, comparable to the values of the coefficient of linear thermal expansion of invar alloys. In
the case of dispersed electrically conductive nanofillers (carbon nanoplates, nanotubes) the possibility of
improving the electrical conductivity of composites without the appearance of its anisotropy has been shown. The
possibility of forming special structures, such as gradient or hybrid, under the action of severe plastic deformation
has been revealed. Novelty: for the first time, an important scientific problem has been solved to identify
opportunities, general patterns and features of methods of severe plastic deformation in activating and controlling
self-organization processes occurring at different levels (nano-, micro- and macroscale) of structural organization
of polymeric materials of different structure and architecture. Scope (branch) of use: microfabrication, general,
average and exact mechanical engineering.
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