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Pedepar:

1. B TBEpOMY TiJli HOCIIKEHO TPAHCIIOPTHI MIPOLIECH, L0 NPOSBISIOTHCS, SIK CIIPSIMOBaHE IIEPEHECEHHS MacCH,
CTPYKTYPHO 3aJI€KHE TEIJIONEPEHECEHHS Ta BUHMKHEHHS €JIEKTPUYHOTO IOTEHIIiaNy B METajlaX B yMOBax
HEPiBHOBaXHOTO CTaHy, BUKJIMKAHOIO TEIJIOBUM iMITyJIbCOM Bif| IKepeJl Pi3HOTo (pizMYHOTro NOXOIKEHHS (J1a3ep,
€JIEKTPUYHUI Ta )XeBPilounii po3psau). BctaHOBIEHO KpUTepii, 3a SIKMX BKa3aHi IPoLieCcH BiflOyBalOThCSI B TBEPIil
¢dasi. OpuH 3 HUX - KpUTepill HeCTaliOHAPHOCTI, 1110 € 3BOPOTHO IIPOIOPLiHUM TeMIIEPATypOIIPOBiAHOCTI
PEYOBMHH, 5IKa JIOKAJIbHO 30y I)KY€ETbCS TEIIJIOBUM iMITYJIbCOM, JO3BOJIsI€ BU3HAYATH 4ac, 32 SIKUH BBEIE€HA B TBEPJiE
TiJIO €Hepris He BCTUTa€e PeJIaKCyBaTH MEXaHi3MaMU TEIJIONPOBiAHOCTI. Takui migxiz JO3BOIMB 4iTKO PO3OIIATU
PEXMMH iMITyJIbCHOTO TEIJIOBOTO BILJIMBY HA PEYOBMHY JJIs1 CTBODEHHSI B Hili: HEDIBHOBa)KHOTI'O Ta
KBa3ipiBHOBa)XHOT'O CTaHY, IKMI 3aCTOCOBYBABCS [IJIs1 OTPUMAaHHs PsAJly XapaKTePUCTUK TBepAoro Tisa. [TokaszaHo,
110 32 HEPIBHOBA’XKHOI'O CTaHy B TBEPAOMY Tijli PO3BUBAIOTLCS TepMoiedopMalLiliHi IpoLecy, sIKi CIPUSIIOTh
re”epatii i CnpsIMOBaHOMY PyXY CTPYKTYPHUX Ae(EKTiB, BHACIILOK iX B3a€MOi 3 I10JIeM Hallpy>KeHb. BKka3aHo Ha

BM3HAYHY POJIb JUCJIOKALLH, IKi pyXaloThCsl, Y BCiX BCTAHOBJIEHUX €KCIIEPUMEHTaIbHO TPAHCIIOPTHUX MPOIlecax.



30KpeMa, MacOIlepPEHECEHHS BUKIMKAHO 3aXOIJIEHHAM MDKBY3JIOBOTO aTOMY S4POM KparoBOi AMCIOKaLii i
TPaHCIIOPTYBaHHSM 0r0 Ha MAaKPOCKOIIIUHI ITIMOMHY B Me3KaX, 110 BU3HAYAIOThCS €HEPTielo ix B3aEMO3B'SI3KY Ta
HAaBHICTIO CTOKIB. 3alIPOMIOHOBAHA M CJIOKALiMHO-MI>KBY3JI0Ba MOJIE€JIb MACOIIEPEHECEHHS PETEJIBHO
IIPOAHasi30BaHa 3 3aJy4eHHSIM Mou(ikoBaHOro piBHAHHS OpeHkessi-KOHTOpOBOi Ta METOLYy MOJIEKYJISIPHOL
IVHAMIKU i JOBEAEHO BINNOBIOHICTb MOZEJI €KCIIEPUMEHTAIbHUM JAHUM. TelonepeHeCeHHs BUSIBIISIETbCS
CHJIBHO 3aJI€)KHUM Bifi CTYII€HIO HEPiBHOBa)KHOCTI i IPOSIBISIETHCS B PO3CisiHHI GOHOHIB Ha JUCIIOKALLisIX, B
3aJIEXKHOCTI Bifl CTYIIEHIO iX PyXJIMBOCTi Ta HAIIPSIMKiB PO3IMOBCIOI)KEHHS TEIJIOBOI'O IIOTOKY Ta JUCIOKALil.
HasBHiCTb Takoro 3B's13Ky MiTBEPKEHA €KCIIEPUMEHTAJILHO B OPUTiHAJIbHOMY €KCIIEPMMEHTI 3 3aCTOCYBaHHSIM
TEIJIOBOTO 30HAYBaHHS 3pa3KiB 3a MeTonoM [lapkepa: B HecTallioHapHOMY pPeXXUMi 36yIpKeHHS 3adikCoOBaHO 6ibll
IIBUJIKE PO3IIOBCIOMIKEHHS TEMIIEPATYPH B HAIIPSIMKY PYXy CTPYKTYPHUX JedeKTiB. BUHUKHEHHS eJIeKTPUYHOrO
IOTEHLjajly B iMITYJIbCHO 30y/I)KEHOMY METaJli 3yMOBJIEHE MEXaHi3MaMU €JIEKTPOH-(POHOHHOI B3aeMO[Ii 3
YTBOPEHHSIM KBa3i4aCTUHOK (T1OJISIPOHIB) JIOKali30BaHUMU TIPY>KHUM I10JIEM JMCJIOKALii esleKTpoHaMu. BusHauHa
POJIb OUCIIOKALl B LIbOMY ITPOLleCi NifTBepIyKeHa eKCIIepU-MeHTaNbHO B (POJIbrax 3 pisHUM CTPYKTYPHUM CTAHOM -
noJsiikpucTanivziil (Mo) Ta amopdniit (Fe74,5Si13,5B8CulNb3). 3anponoHoBaHO 3arajbHy CXeMy TPAaHCIIOPTHUX
IIPOLIECIB, IO BiIOYBAIOTbCS B TBEPAOMY TiJli, 30yI)KEHOMY TEPMIYHUM iMIIyJIbCOM, SIKA JA€ YiTKe YSIBJIEHHS PO
nepe6ir criocTepesxyBaHUX eKCIIepUMEHTaNIbHO 5Byl Ha nmiarpyHTi oTpuMaHux GpyHIaMeHTaNbHUX 3000YTKIB
PO3p06JI€HO HOBI METOI M BIUIMBY Ha TBEP/i Tija, 110 SIBJISLIM COOOI0 aTOMHI i MOJIEKYJISIPHI KpUCTaNU Ta
niffaBaNuCh CTPYKTYPHiM Mogu@ikalii mig BIIMBOM J1a3€pHOTrO ONIPOMIHEHHS, €JIEKTPUYHOTO po3psiay Ta
©6ombapayBaHHIO iOHaMU B KeBPilo4oMy po3psifii. B po60Ti NpogeMOHCTPOBAHO Psifl OPUTiHAJIBHUX PO3POOOK 3
J1azepHOro TBeprodasHoro jserysanHs Ti pyreHiem Ta Al XpoMoM (3a MesKelo iX B3a€EMHOI pO3UMHHOCTI). XiMiKO-
TEpMiYHUM OOPOOGJIEHHSIM METAJIiB B aKTMBOBAHIH J1a3epoM IJIa3Mi KE€BPil04oro po3psily IPOoJeMOHCTPOBaHA
MOXJIMBICTb 3aCTOCYBaHHS (POTOH-iOHHOI B3a€MOii 3 BAKOPUCTAaHHSM 6aratodoToHHOI ioHi3auii. [TokazaHa
[IepCIIeKTUBHICTh CTBOPEHHS eHoMeTanodynepuTHux crouayk turny Ni@C60 i Cd@C60 TepmiyHMM Bifmiaaom Ta
6oMbapyBaHHSIM iOHaMU B XeBpilouoMy po3psfi. OkpemMa yBara IpujiijieHa 3aCTOCYBaHHIO iMITyJIbCHOTO TEIJIOBOTO
30yI)KEHHS B KBa3iCTalliOHAPHOMY PEXUMI [JI51 €KCIIPEC BUMIPIOBaHb TEIIOQPI3UYHNX XapaKTEPUCTUK TBEPAUX TiJ
Ta OL{HKU aJre3iiiHUX BJIaCTUBOCTE MOKPUTTIB i 6araTomapoBUXx IIiBKOBUX CTPYKTYp. bisblia yactuHa

IIpeJCTaBIeHUX PO3POOOK 3axUIlleHa aBTOPCbKUMMU CBiJIOLTBAMU Ta ITaTeHTaMu YKpaiHu.

2. The transport processes in a solid are investigated. These processes manifest themselves as directed transfer of
mass, structurally dependent heat transfer and electric potential appear-ance in metals in nonequilibrium
conditions caused by heat pulse from different sources of physical origin (laser, electric and glow discharges). The
criteria under which these processes occur in the solid phase are established. One of them is a criterion of
nonstationarity, which is inversely proportional to the thermal diffusivity of a substance, locally excited by thermal
impulse. It enables us to determine the time during which the energy introduced into the solid is not relaxed by
mechanisms of thermal conductivity. This approach made it possible to clearly separate the regimes of pulsed
thermal action on a substance to create in it a nonequilibrium state and a quasi-equilibrium state used to
determine a number of characteristics of a solid. It is shown that the nonequilibrium state in a solid is caused by
thermal deformational processes that promote generation and directed movement of structural defects as a result
of their interaction with the stress field. The determining role of moving dislocations in all experimentally
established transport processes is indicated. In particular, mass transfer is caused by the entrainment of an
interstitial atom by the core of an edge dislocation and transporting it to macroscopic depths within the limits
determined by the energy of their interaction and the presence of drains. The proposed dislocation-interstitial
model of mass transfer has been subjected to careful analysis with the use of the modified Frenkel-Kontorova
equation and the molecular dynamics method. The model is proven to be consistent with the experimental data.
The modification consisted of introducing into the equation terms that took into account the presence of an
interstitial atom bound to the nucleus of the kink (dislocation) and the imaginary neighbouring atomic series, as
well as the external force acting on the kink with the interstitial atom moving together, and the drains in the path
of their motion. Heat transfer turned out to be strongly de-pendent on the degree of nonequilibrium and is
manifested in the scattering of phonons by dislocations, depending on the degree of their mobility and the



direction of propagation of the heat flow and dislocations. The presence of such a connection was confirmed
experimentally in the original study using thermal probing of samples by the Parker method: in a nonstationary
excitation regime, a higher velocity of temperature propagation in the direction of the motion of structural defects
was recorded. The appearance of the electric potential in a pulse excited metal is due to the mechanisms of
electron-phonon interaction with the formation of quasiparticles (polarons) - electrons localized by the elastic
field of dislocation. The determining role of dis-locations in this process was confirmed experimentally in foils with
different structural states - polycrystalline (Mo) and amorphous (Fe74,5Si13,5B8CulNb3). A generalized scheme of
transport processes occurring in a solid excited by a thermal pulse is offered. It gives a clear idea of the course of
the observed phenomena. On the basis of the obtained fundamental achievements, new methods of influencing
solids, which were atomic and molecular crystals, were developed. These solids were subjected to structural
modification under the influence of laser irradiation, electric discharge and ion bombardment in a glow discharge.
A number of original developments on laser solid-phase alloying of Ti with ruthenium and Al with chromium
(outside their mutual solubility) have been demonstrated. The possibility of applying a photon-ion interaction
using multiphoton ionization is demonstrated by the use of chemical heat treatment in laser-activated glow
discharge plasma. The possibility of creating Me@Cn-type compounds like Ni@C60 and Cd@C60 by thermal
annealing and ion bombardment in a glow discharge is shown. Special attention is paid to the use of pulsed
thermal excitation in a quasi-stationary mode for rapid measurements of the thermo-physical characteristics of
solids and evaluation of the adhesion properties of coatings and multilayer film structures. A significant part of the
presented developments is protected by copyright certificates and patents of Ukraine.
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