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Pedepar:

1. luceprauis npucBa4eHa KIHETUYHOMY aHaJIi3y ITONIEPEYHOTO IIEPEHECEHHS TEIIA B Pi3HMX F€TOPOr€HHUX
HAaHOCTPYKTypax. HayKoBUi1 aciekT Npo6JieMH TEIJIONPOBIAHOCTI 6araTomapoBrX CUCTEM NOJIATA€ B TOMY, 110
3akoH Qyp'e Q=-kaT, gxuii noB's3ye MOTIK TEIJIA 3 TPAJiEHTOM TEMIIEPATYPH, HE MOXKe OYTU 3aCTOCOBAHUH 1715
aHali3y TeIloNepeHeceHH sl B apyBaTUX HAHOCTPYKTYPaX, [e NOBXMHA BiJIbHOro Ipobiry GoHOHIB 6isbiia abo
[OPiBHAHHA 3 TOBIIMHAMU LIAPIB i [ BIIJIUB HA TEIJIONIEPEHECEHH HAAI0Th YMOBY Ha MEXi CYMIKHMX MaTepiasis.
Takum 4MHOM, 17151 ONIUCY MOTOKIB TEIJIa B HAHOCTPYKTYpPax MOTpibeH MiKpocKomivuHui nigxia. JucepraniitHa
poboTa Mae I'sTh pO3iMiiB. Y nepuomMy po3fiji B paMKax Teopii akyCTUYHOI Hey3roJpKeHOCTi MK TBepIUMU TijlaMu
00OrOBOPIOETHCS POJIb €JIEKTPOHIB IPOBITHOCT] B GOpMYyBaHHI €(peKTUBHOI aKyCTUYHOI IIPO30POCTi iHTEpdeiicy Mix

BY3bKMMU METAJIEBIMU MJIiBKaMU i ,[[ieJ'IeKTpI/I‘{HI/IMI/I I'IiJ_IKJIa,]_IKaMI/I 3 BICOKOIO TeHJIOHpOBi,ILHiCTIO. POSI‘JIHHYTO



BUIIPOMIHIOBaHHS (POHOHIB 3 METaJIEBUX IIIiBOK, 110 HArPiBalOThCSI CTPYMOM 32 HU3bKUX TeMIleparyp. Poarysay,
33/1a4 IPOBEIEHO 3 BUKOPUCTAHHSAM KiHEeTUYHUX PiBHSIHB /111 POHOHHOI Ta €J1IeKTPOHHOI (QYHKIIiH po3noziny.
Po3rssgHyTO pe3yabTaTu pooiT, B IKUX TEOPETUYHO AOCIIiIPKEHO HEJiHIMHY peslakcallilo Mk MarHoHaMu Ta
(oHOHaMU B i30ssLiiHOMY (pepOoMarHeTuKy. HesliHiHUI TeNJIOBUiA MOTIK BiJ, MarHOHIB 10 (OHOHIB pO3paxOBaHO
MIKPOCKOIIIYHO B TEPMiHAX Y€PEHKOBCHKOTO BUIIPOMIHIOBAaHHS (POHOHIB MarHoHaMu. ¥V Ipyromy posfisi auceprarii
OIIMCYETHCS 0O’EKT Ta METOAU NOCIIIKEHHSI IEPEHOCY Tellsla B FeTOPOreHHUX HaHOCTPYKTypax.
Hanomatepianu—1ie He IpPOCTO 1€ OJMH KPOK Yy MiHiaTiopusauii matepiasis abo yacTuHOK. Hanopo3mipHuii
TEINJI000MiH OYB i € MOMYJISIPHOIO TEMOIO BIIPOJIOBX OCTAHHIX IBOX AeCSATUIiTh. DOHOHHE PiBHSIHHS IIEPEHOCY Tellla
BosnpumaHa-11e MeTO, 30aTHUI MOJEJIIOBATH IlepeHeceHHs (POHOHIB Bif 6aiCcTUYHOrO 0 TUQY3iiiHOrO PEXUMIB,
BeJIMKA KiJIbKICTb NOCIiIKEeHb OyJia 3pobJieHa 1111 pO3pOOKU YUCEIbHMX PO3PaxXyHKIB JJ1s1 LIbOrO PiBHSIHHS. TpeTiil
posgin. IIpencrapieHo KiHeTUYHUI HifIXif], B PaMKax SIKOTO PO3IJISIHYTO NOIEPEYHE IEPEHECEHHS TEIlIa Yepes
MEeTaJIeBUH 11ap, PO3TAllIOBAHMI MIXK JBOMAa MAaCUBHUMMU Ji€JIEKTPUKAMU 38 HU3bKUX TEMIIEPATYP, KOJIM €JIEKTPOHU
B METaJIEBOMY LIapi Tepmasti3oBaHi. JlaHni Mifxis aHani30BaHUN Ha KIHETUYHOMY piBHSIHHI bospiiMaHa 11t
(OHOHHOI QYHKIIii pO3NOAiNy 3 TPaHUYHMMHU YMOBAaMU, 1II0 BPAXOBYIOTh BiOMTTSI Ta 3aJIOMJIEHHS aKyCTUYHUX
XBUJIb 1IPY X IPOXOKEHHI Yyepe3 Mikiaposi iHTepdeiicu. O6uncieHo eQpeKTUBHY NONepeYHy TeIIONPOBiIHICTb
JAHOI IapyBaTOi CUCTEMU IIPU [LOBIIBHOMY 3HAaUY€HHI TOBIIMHYU METAJIEBOTO Wapy.3HaiIE€HO TOBIVHUY, IIPYU SIKUX Y
TEIJIONIPOBIIHOCTI NPOSIBJISIETHCSI PO3MIPHUI €(EKT Ta MOro 3ayIe>KHICTh BiJl TeMIIepaTypH, 110 NOTPiGHO
BpPaxOBYBaTHU [IPU CTBOPEHHI €JIEKTPOHHUX NIPUCTPOIB, €JIEMEHTH SIKUX MAIOTh CyOMIKPOHHI pO3MipH. Y 4YeTBEPTOMY
PO37iJi pO3rJIsHYTO KiHETUYHMI MiJXif, epeHocy Temia GOHOHAMU Ta MarHOHAMU Yepe3 map pepoMarHiTHOro
i3os1sITOpPA, PO3TALIOBAHOTO MK IBOMA MaCUBHUMM 130JI1TOPAMU IIPU HU3bKUX TEMIIEpaTypax, KOJIM MarHOHU B
mapi pepoMarHiTHOro i30J1Topa TeEpMasizoBaHi BHACIIOK MarHOH-MarHOHHUX 3iTKHEHb i MalOTh TEMIIEPATYPY
MarHoHiB. Po3paxoBaHO €(peKTUBHY NONEPEYHY TEIJIONPOBIIHICTb AAHOI IIAPYBAaTOI CUCTEMU 3 LOBIJIIBHOIO
TOBILMHOIO 1apy ¢epoMarHiTHOro i30719Topa, Jie TeIJIOBUM NOTiK IePEeHOCSTh SIK MarHOHH, Tak i poHOHHU, Ta
3HAlIEHO TOBLIVHY, IIPU SIKill po3MipHUI e(eKT NPOSBISIETHCS B TEIIONPOBiAHOCTI. [T'saTUil po3nin.Po3risHyTo
[IEPEHECEHHS TE€IJIa B CUCTEMI MeTa/IeBUX 1IapPiB, PO3MAiIeHUX [ieIeKTPUYHUMU [IPOIIAaPKaMU IIPY HU3bKUX
TeMIIepaTypax, KOJIM eJIeKTPOHU B MeTaJjli TepMai3oBaHi, a pOHOHU — Hi. OTPUMaHO aHaliTUYHMI BUPa3 [AJisl
eeKTUBHOI TeIJIONPOBITHOCTI CTPYKTYP 3 AOBLIIbHOIO KiJIbKICTIO IIAPiB, @ TAaKOX [1Jig Hajrpatok.IIpoananizoBaHo
PO3MipHUI1 eeKT TeIIONPOBiNHOCTI i I0Ka3aHo, o (POHOHHA MeXaHiKa TeIJIONPOBiIHOCTI CYyTTEBO Bifpi3HIETbCS
17151 BATIAJKiB TOBCTUX i TOHKMX MeTasleBUX mapiB. OTpUMaHi B poOOTi pe3ysbTaTy AAI0Th I0SICHEHHS 0COOIMBOCTEN
[IEpEHEeCEHHs TeIJIa B HAHOCTPYKTYpPax i € BayKJIMBUMU [J1s1 PO3POOKH HAHOCTPYKTYPOBAaHUX MaTepiastiB 1Jist
3aCTOCYBaHb B 00J1aCTi TEPMOEJIEKTPUKHU, CIIIHOBOI KaJIOPUTPOHIKY, IJ1a3MOHIKU. Pe3ysbTaTu OTpUMaHi y poooTi.
1.0TpuMaHO piBHSHHS [J1s [IONIEPEYHOT0 IEPEHECEHHS [TOTOKY TEIJIa YEPE3 METaJIEBUII 1Iap, PO3TAllOBAaHUI MK
IBOMa MAaCUBHUMH JiesleKTpuKaMmu. 2.06unciieHo e(eKTUBHY NONePeYHy TeIJIONPOBiIHICTb MAapyBaTOi CUCTEMU
IlieJIeKTPUK-MeTasl-IieJIeKTPYK [IPY NOBiJIbHOMY 3HaY€HHI TOBIIMHU METAJI€BOro mapy. 3.3HalIeHO TOBIIVHY,
METaJIEBOTO APy, IPU SIKUX B TEIJIONPOBiIHOCTI IPOSBIISIETHCS PO3MipHUN e(peKT. 4. MiKpOCKOIiuHy Teopiio
[IEPEHOCY €HEPTii B 6araTomapoBUX HAHOCTPYKTYPaXx MOMMPEHO HA CTPYKTYPH, IO MIiCTSITh map (PEPOMArHiTHOIO
i3osaTopa. 5.Po3paxoBaHo e(pEeKTUBHY TEIJIONPOBIAHICTD NEPIIEHANKYJIISIPHY [0 MapiB, TOGTO Yepe3 MarHoHHY Ta
(OHOHHY TemIiepaTypu. 6.3HalIeHO TOBIIUHY, (PEPOMArHiTHOTO i30J19TOPa, NIPU SIKill pO3MipHUII e(peKT
IIPOSIBJISIETHCS B TEIJIONPOBITHOCTI. 7.PO3IJISIHYTO IEPEHECEHHS TEIlJIa B CUCTEMi METaJIeBUX LIAPiB, PO3IiIEHUX
IiesIeKTpUYHUM [IPOLIAPKOM NPY HU3BKUX TeMIepaTypax. 8.064ncieHo e(eKTUBHY MONEePEeYHY TeIJIONPOBiIHICTh
3 IOBIJILHOIO KiJIBKIiCTIO IIapiB, MPOaHaTi30BaHO PO3MipHUI e(eKT TerIONPOBITHOCTI 1711 BUTIAAKIB TOHKHUX i

TOBCTUX 1Iapi METaJy.

2. The dissertation is devoted to the kinetic analysis of transverse heat transfer in various heterogeneous
nanostructures. The scientific aspect of the problem of thermal conductivity of multilayer systems is that the
Fourier law Q=-koT, which relates the heat flow to the temperature gradient, cannot be applied to the analysis of
heat transfer in layered nanostructures. Thus, a microscopic approach is needed to describe heat flows in
nanostructures. The 1-st chapter. Within the framework of the theory of acoustic incoherence between solids, the
role of conduction electrons in the formation of effective acoustic transparency of the interface between narrow



metal films and dielectric substrates with high thermal conductivity is discussed. The emission of phonons from
metal films heated by current at low temperatures is considered. The results of works in which the nonlinear
relaxation between magnons and phonons in an insulating ferromagnet are theoretically investigated are
considered. The nonlinear heat flow from magnons to phonons is calculated microscopically in terms of Cherenkov
radiation of phonons by magnons. The 2-nd chapter describes the object and methods of heat transfer research in
heterogeneous nanostructures. Nanomaterials are not just another step in the miniaturization of materials or
particles. Nanoscale heat transfer has been and is a hot topic for the past two decades. The Boltzmann phonon
heat transfer equation is a method capable of modeling phonon transfer from ballistic to diffusive regimes,and a
large amountof research has been done to develop numerical calculations for this equation. The 3-rd section.A
kinetic approach is presented, which considers transverse heat transfer through a metal layer located between
two massive dielectrics at low temperatures, when the electrons in the metal layer are thermalized.This approach
is analyzed on the Boltzmann kinetic equation for the phonon distribution function with boundary conditions that
take into account the reflection and refraction of acoustic waves when they pass through interlayer interfaces. The
effective transverse thermal conductivity of this layered system was calculated at an arbitrary value of the
thickness of the metal layer. Thicknesses were found at which the thermal conductivity exhibits a size effect and
its dependence on temperature, which must be taken into account when creating electronic devices whose
elements have submicron dimensions. The 4-th chapter deals with the kinetic approach of heat transfer by
phonons and magnons through a layer of a ferromagnetic insulator located between two massive insulators at low
temperatures, when magnons in the ferromagnetic insulator layer are thermalized The effective transverse
thermal conductivity of this layered system with an arbitrary thickness of the ferromagnetic insulator layer, where
the heat flow is carried by both magnons and phonons, was calculated, and the thickness at which the dimensional
effect manifests itself in thermal conductivity was found. The 5-th chapter considers heat transfer in a system of
metal layers separated by dielectric layers, when electrons in the metal are thermalized, but phonons are not.An
analytical expression was obtained for the effective thermal conductivity of structures with an arbitrary number of
layers, as well as for superlattices.The dimensional effect of thermal conductivity was analyzed and it was shown
that the phonon mechanics of thermal conductivity differs significantly for the cases of thick and thin metal
layers.The results obtained in the work provide an explanation of the features of heat transfer in nanostructures
and are important for the development of nanostructured materials for applications in the field of
thermoelectricity, spin caloritronics, and plasmonics. The results are obtained in the work. 1.The equation for the
transverse transfer of heat flow through a metal layer located between two massive dielectrics is obtained. 2.The
effective transverse thermal conductivity of the layered dielectric-metal-dielectric system at an arbitrary value of
the thickness of the metal layer was calculated. 3.The thickness of the metal layer was found, at which the
dimensional effect is manifested in thermal conductivity. 4.The microscopic theory of energy transfer in multilayer
nanostructures is extended to structures containing a layer of a ferromagnetic insulator. 5.The effective thermal
conductivity perpendicular to the layers, i.e. due to the magnon and phonon temperatures, was calculated. 6.The
thickness of the ferromagnetic insulator was found, at which the size effect manifests itself in thermal
conductivity. 7.Heat transfer in a system of metal layers separated by a dielectric layer at low temperatures is
considered. 8.Calculated effective transverse thermal conductivity with an arbitrary number of layers, analyzed the
dimensional effect of thermal conductivity for cases of thin and thick layers of metal.
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