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1. CTpyKTypHa caMooOpraHisallis oJiMepHUX MaTepiasiB Pi3HOI apXiTeKTypH, iHIYKOBaHA iHTEHCUBHOIO

IJIaCTUYHOIO edpopmaliiero

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

Pedepar:

1. O6'exr pocnipxeHHs: E¢extu Ta ¢piznyHi SBUIIA, 0 06YMOBIIOIOTh CTPYKTYPHY MOAM(IKaLilo MOTiMEPHUX
MarepiasiB B yMOBax iHTEHCUBHO] IIJIaCTUYHOI Aedopmaliii. MeTa foCiIpKeHHs: BCTAHOBJIEHHS] 3aKOHOMIpHOCTEMN
(opMyBaHHS Ta €BOJIIOLiI CTPYKTYP Ha Pi3HUX PiBHSIX iXHbOI opraHizauii (HaHO-, MiKpO Ta MaKpoMacIuTad) B
noJlimepax pizHoi 6y10BU (aMOPPHUX i aMOPPHO-KPUCTAIYHUX) Ta KOMIIO3UTAX Pi3HOI apXiTEKTYPU B Pe3yJIbTaTi
Iii inTeHcuBHOI NIaCcTUYHOI AedopMallii, [0 peaniszyeThcsl B yMOBax AedopMaliii IpOCTOro 3CyBY i BUCOKOTO THUCKY,
BUSIBJIEHHS XapaKTEPy 3aJI€KHOCTI BJIACTUBOCTEN LIMX MaTEPiasliB Bifj CTPYKTYPHOTO CTaHy. MeTonu LOCIiI>KEHHS

Ta anapaTypa: CKaHyBaJIbHA i TpaHCMiCiliHa eJIeKTpPOHHA MiKPOCKOIig, iHppayepBOHa Ta PaMaHiBChKa



CIIEKTPOCKOIIi, pEHTT€HOCTPYKTYPHU aHai3, tudepeHLiiHa CKaHyBaJlbHa KaJIOPUMETPisl, JUHaAMIYHUI
MeXaHIYHUU aHaJli3, MexaHiyHi Ta TpuboJIoTiYHi BUIIPOOYBaHHS, IOPOMETPIsl, BUMipIOBAaHHS €JIEKTPUYHOIO OIIOpY,
T'YCTUHY i BOAOIOIIMHEHH. TeOpeTHyYHi i IPaKTUYHI Pe3yJIbTaTy: BUSHAYEHO 3MiHU CTYIIEHS OLHOPIIHOCTI i
(parmeHTalii €JIEMEHTIiB HAIMOJIEKYJIIPHOI CTPYKTYPH, XapaKTepy OPi€eHTalilIHOro NOPSAKyY i posnoginy
opieHTOBaHUX QiOpuU 3a IEepeBaKHUMU HaIlpSIMKaMU OpieHTaii, 06'eMHOi 4aCTKH i CTYIIE€HSs JOCKOHAJIOCT]
KPUCTAJIITiB IpY BapiloBaHHI CxeMU Ta IlapaMeTpiB iHTEHCUBHOI Iy1acTUYHOI Aedopmalii (IHTEeHCUBHOCTI
Iedopmaliii, BeJIMYMHY HAaKONIMYEHOI IVIACTUYHOI Jledopmaliii, TemnepaTypu Ta MIBUAKOCTI Aedopmaliii, criocody
aKyMyJIsiLii I1acTru4yHoi gedopmatii). BcTaHOBIEHO 3aKOHOMIPHOCTI BILIMBY OYyOBY, MOJIEKYJISIPHOI MACH Ta
mopdoJiorii BUXinHUX 10J1iMepiB, HAIBHOCTI, TUITy Ta MOPQoJIOrii HAHO- Ta MiKPOHAIOBHIOBAYiB Ha Ilepeobir
CTPYKTYPHUX Ta (a30BUX [IEPETBOPEHB, 110 BilOYBAIOTHCS B MOJIMEPHUX MaTepiaax Iif, BIVINBOM iHTEHCUBHO]
nacTU4HOI Aedopmaii. BusHaueHo koMiieke GpiznyHUX i PYHKLIOHAJIbHUX BJIACTUBOCTEN aMOP(HO-
KPUCTaTiYHUX, aMOP(PHUX [10J1iMEPiB Ta KOMIIO3UTiB, C(POPMOBAHUX B YMOBAX iHTEHCHBHOI IIJIACTUYHOI Aedopmallii.
CtBoOpeHi 6araTodyHKIiOHaNbHI MaTepiany, 10 XapaKTepU3yloThCsl YHIKaJIbHUM II0€IHAHHSIM 6araTopasoBo
NiABUIEHUX 3HAYEHb TBEPOCTI, MilJHOCTI (32 HU3bKOI aHi30TPOIIii OCTaHHIX) Ta 3HOCOCTIMKOCTI IIPU 30€pE>KEHHI
MIJIACTUYHOCTI Ha PiBHI BUXiIHMUX 3pa3KiB. [I0piBHSIHO 3 OCTaHHIMU, 30ibIIYIOTHCS TYCTHUHA, TEMIIEPATYpa
IJIaBJIEHHS / CKJIyBaHHS, IOCSITAe€ThCs OJJHOYACHE Ta HE3aJIEXKHE Bill HANPSIMKY HABAHTAXKEHHS MiJBUILEHHS
NPY>XKHUX, MilJHICHUX, YAAPHUX Ta MIJIACTUYHUX XapaKTEPUCTHUK. B 06'eMHUX 3pa3kax aMOP(PHO-KPUCTATiYHUX
[I0JIiIMEPIB Ta KOMIIO3UTIB Ha iX OCHOBI, peai3oBaHO 6iakciaJbHUN “iHBapHU” €(EKT, KO B MIUPOKOMY iHTEpBai
TeMIIepPaTyp CIIOCTEPIraloThCsl 3Ha4eHHs KoedillieHTa JIiHIITHOrO TEpMiYHOTO PO3LMIKUPEHHS 5K B IONIEPEYHOMY, TaK i
B II0JIOBXXHbOMY Ilepepi3ax, CliBCTaBHi i3 3HaueHHsIMU KoedillieHTa JIiHITHOTO TepMiYHOTO PO3LMINPEHHS iHBAapHUX
CIIJIaBiB. ¥ BUNIQAKY AUCIEPCHUX €JIEKTPONPOBiHNX HAHOHAIIOBHIOBAYIB (BYIJIELIEBi HAHOIIJIACTUHU, HAHOTPYOKN)
[IOKa3aHO MOXJIMBICTb MOJIINIIEHHS €JIEKTPONPOBiIHOCTI KOMIIO3UTIB 6€3 NOosBY ii aHisoTpomii. BusiBneHo
MOXJIMBICTb POPMYBaHHS CIIelliaJIbHUX CTPYKTYP, TaKUX SIK TpafieHTHi abo ribpuHi, mif i€ iHTeHCUBHOI
niactuyHoi aedopmatiii. HoprusHa: Briepiie BupileHa BakvMBa HayKoBa IpobsiemMa 100 BUSBIIEHHS
MOXJIMBOCTEH, 3arajlbHUX 3aKOHOMIPHOCTE! Ta 0COOJIMBOCTEN METOIiB iIHTEHCHUBHOI IVIACTUYHOI fledopmalii npu
aKTuBalii Ta KepyBaHHI NIpollecaMy camoOpraHisaii, ski BioyBaloTbCsl Ha pi3HUX PiBHAX (HAHO-, MIKPO- Ta
MaKpoMacuTad) CTPYKTYPHOI opraHisalii nojimepHux marepiais pisHoi 6yzoBu Ta apxitekrypu. Cdepa (ramysb)
BHMKOPHMCTaHHSI: MIKpOBUPOOHUIITBO, 3arajlbHe, CEpeIHE Ta TOYHE MAIIMHOOYAyBaHHS.

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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