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1. lnceprarnis npuCBA4Y€Ha KIHETUYHOMY aHaJIi3y [IONIEPEYHOrO IIEPEHECEHHS TEIJIA B Pi3HUX T€TOPOT€HHUX
HaHOCTPYKTypax. HaykoBuii acriekT npo6s1eMu TEIJIONPOBiIHOCTI 6araTomapoBrX CUCTEM IIOJISITA€ B TOMY, 1O
3akoH Oyp'e Q=-koT, gxuil NoB's13ye NOTIK TeIJa 3 rPalicHTOM TEMIIEPATYPU, HE MOXKe OYTU 3aCTOCOBAHUI [1J14
aHaJi3y TelyonepeHeCceHHs B IapyBaTUX HAHOCTPYKTYPaXx, i€ JOBKMHA BiIbHOTO NPOO6Iry (GOHOHIB 6isbiIa abo
MOPiBHAHHA 3 TOBIIMHAMM LIAPiB i [je BIIJIUB HA TEIJIONIEPEHECEHHS HaJAI0Th YMOBU HAa MEXi CYMDKHUX MaTepiasis.
TaxuM 4MHOM, 11711 OIIMCY IIOTOKIB TeIJIa B HAHOCTPYKTYpax NOTpibeH MikpockoniuHumii niaxia. JucepTraniina
poboTa Mae I'sITh PO3IiIiB. Y MepUoMy PO37ijli B paMKax TeOPii aKkyCTUYHOI HEYy3roIpKEHOCTI MXK TBEpIVMU TiJlaMu
0OrOBOPIOETHCS POJIb €JIEKTPOHIB MPOBITHOCTI B GOpMyBaHHI epeKTUBHOI aKyCTUYHOI IIPO30pOCTi iHTepdeiicy Mix
BY3bKMMU METAJIEBUMHU IIJIIBKAMU i IieJIEKTPUYHUMHU MiAKIIaJJKaMU 3 BUCOKOIO TEIJIONPOBIAHICTIO. PO3rIIHYTO
BUIIPOMIHIOBaHHS (POHOHIB 3 METaJIEBUX IJIIiBOK, 110 HArpiBalOThCSI CTPYMOM 33 HU3bKUX TeMIlepaTyp. Poarysay,
337124 IPOBEIEHO 3 BUKOPUCTAHHSIM KiHETUYHUX PiBHSIHB /1711 GQOHOHHOI Ta €JIeKTPOHHOI (PYHKLiN po3nominy.

Po3ryisiHyTO pe3yabTaTtu pooiT, B IKUX TEOPETUYHO AOCIIiIPKEHO HeJliHIMHY peJlakcalilo Mk MarHoHaMu Ta



(poHOHaMU B i30715LiHOMY (pepOMarHeTuKy. HesliHiHUI TeNJIOBUIA MOTIK BiJ, MarHOHIB 10 (OHOHIB PO3PaxOBaHO
MiKpOCKOIIIYHO B TepMiHaX 4epEHKOBCHKOT0 BUIIPOMiHIOBaHHS (POHOHIB MarHOHaMuU. Y IpyromMy po3zii nuceprariii
OINKCYETHCS 0O'EKT Ta METOIM JOCIIiI)KEHHS IEPEHOCY TEIJIa B TETOPOT€HHMX HAaHOCTPYKTypPax.
Hanomatepianu—ue He IpOCTO 1je OJMH KPOK Yy MiHiaTiopu3auii matepiasiB abo yacTMHOK. HaHopo3mipHuii
TEIJI000MiH OYB i € MOMYJISIPHOIO TEMOIO BIIPOJIOBX OCTAHHIX IBOX AeCSATUIiTh. DOHOHHE PiBHSIHHS IIEPEHOCY Tela
BosnblmaHa-11e MeTO, 30aTHUI MO II0BAaTH IIepeHeceHHs (POHOHIB Bifi 6a1iCTUYHOrO 10 TUQY3iiiHOrO PEXUMIB,
BeJIMKA KiJIbKICTb JOCIIiIPKEHb OyJia 3pobJieHa 1111 pO3pOOKU YUCEIbHMX PO3PaxXyHKIB IJ1s1 LIbOTO PiBHSHHS. TpeTii
posgiin. [IpencraBiaeHo KiHETUYHUH MiAXiz, B paMKax SIKOTO PO3TJIAHYTO NIONIEpeYHe NIEPEHECEHHS TeIlIa Yepes
METaJIEBUH 1IApP, PO3TAIIOBAHMI MDK JBOMA MACMBHMMM [i€JIEKTPUKAMU 33 HU3bKUX TEMIIEPATYP, KOJIA €JIEKTPOHU
B M€TaJIEBOMY LIapi TepmastizoBaHi. JlaHni Migxin aHani30BaHUN Ha KIHETUYHOMY PiBHSIHHI bosibiiMaHa 11t
(OHOHHOI QYyHKLii pO3NOAiNy 3 TPAHMYHMMHN YMOBAaMU, 110 BPAXOBYIOTh BiIOMTTSI Ta 3aJIOMJIEHHS aKyCTUYHUX
XBUJIb 1IPY iX IPOXOMKEHHI Yyepe3 MiKiaposi iHTepdericu. O6uncieHo eQpeKTUBHY NONepeYHy TEIIONPOBiIHICTb
IlaHOI MIapyBaTOi CUCTEMU IIPY JOBIIbBHOMY 3Ha4Y€HHI TOBUIMHY METAJIEBOrO apy.3HaANLEHO TOBIIVHY, [IPY SIKUX Y
TEIJIONPOBiIHOCTI NIPOSIBJISIETHCSI PO3MIPHUI €(PEKT Ta MOro 3ayIeKHICTh BiJi TEMIIEPATypH, 110 IOTPiGHO
BPaxOBYBaTHU [IPU CTBOPEHHI €JIEKTPOHHUX NIPUCTPOIB, €JIEMEHTH SIKUX MAIOTh CyOMIKPOHHI pO3Mipu. Y 4eTBEPTOMY
PO3[Iii pO3rSHYTO KiHEeTUYHUH Minxin epeHocy Ternsa GoOHOHAMHU Ta MarHOHaMU depes map ¢pepoMarHiTHoro
i30719TOpA, PO3TAIIOBAHOTO MIXK IBOMa MaCUBHUMU i30J1ITOPaMU IIPU HA3LKUX TEMIIEPATyPax, KOJIM MarHOH!U B
mapi ¢epoMarHiTHOro i30J1ITOpa TEpMasi3oBaHi BHACIIOK MarHOH-MAarHOHHUX 3iTKHEHb i MalOTh TEMIIEPATYPY
MarHoHiB. Po3paxoBaHO e(peKTHUBHY N10NE€PEYHY TEIIONPOBIIHICTb AAHOI APYBATOi CUCTEMU 3 IOBLIBHOIO
TOBILMHOIO apy pepoMarHiTHOro i305Topa, Jie TeIJIOBUM NOTIiK IEPEHOCSTh SIK MarHOHH, TaK i poHOHHU, Ta
3HAII€HO TOBILIVHY, IIPU SIKill pO3MipHUI €(EKT NPOSBISIETHCS B TEIJIONPOBiAHOCTI. [T'siTUi po3nin.Po3risHyTo
[IEPEHECEHHS TeIJIa B CUCTEMI METa/IeBUX 1IaPiB, PO3AiIEHUX [ieIeKTPUYHNMU [IPOIIAPKAMU IIPY HU3bKUX
TeMIlepaTypax, KOJIu eJIeKTPOHU B MeTaJli TepMaJslizoBaHi, a GOHOHU — Hi. OTprMaHO aHaNITUYHUN BUPA3 JIS
eeKTUBHOI TeIJIONPOBITHOCTI CTPYKTYP 3 AOBILIIBHOIO KiJIbKICTIO IIAPiB, @ TAaKOXK [J1g Hajrpatok.IIpoananizoBaHo
PO3MipHUI1 eeKT TEMJIONPOBINHOCTI i MOKa3aHo, mo (OHOHHA MeXaHiKa TEeIJIONPOBIIHOCTI CYyTTEBO BifPi3HIETbCS
17151 BATIAJKIB TOBCTUX i TOHKMX MeTasleBUX mapiB. OTpUMaHi B poOOTi pe3ysbTaTy AAI0Th [I0SICHEHHS 0COOIMBOCTEN
IIEPEHECEHHS Telljla B HAHOCTPYKTYPaX i € BaKJIMBUMU JJ151 PO3POOKM HAHOCTPYKTYPOBAaHUX MaTepiaiB AJis
3aCTOCYBaHb B 00J1aCTi TEPMOEJIEKTPUKHU, CIIIHOBOI KaJIOPUTPOHIKY, IJ1a3MOHIKU. Pe3ysbTaT OTpUMaHi y poooTi.
1.0TpuMaHO piBHSHHS [J1s [IONIEPEYHOT0 IEPEHECEHHS [TOTOKY TEIIA YEPEe3 METAJIEBUI 1Iap, PO3TAllOBAHUI MK
IIBOMa MaCHBHMMU JiesieKTpukaMu. 2.004mcsieHo eeKTUBHY MTONepeYHyY TeIIONPOBiAHICTb MapyBaToi CUCTEMU
IlieJIEKTPUK-MeTaJl-IieJIEKTPUK [IPY TOBiJIbHOMY 3HAY€HHI TOBLUIMHY METAJIEBOro mapy. 3.3HalIeHO TOBIIVHY,
METaJIEBOrO MIAPYy, IPU SIKMX B TEIJIONIPOBiIHOCTI IPOSBIISIETHCS PO3MIPHUN e(PeKT. 4. MiKpOCKOIIYHY TEOPilo
IIEPEHOCY eHeprii B 6araTomapoBUX HAHOCTPYKTYpax MOMMPEHO HA CTPYKTYPH, IO MICTATh map GepOMarHiTHOTo
isonsaTopa. 5.Po3paxoBaHo epeKTUBHY TEIJIONPOBIAHICTb NEePIIEeHAUKYJIISIPHY [0 apiB, TO6TO Yepe3 MarHoHHY Ta
(OHOHHY TeMIlepaTypu. 6.3HalJeHO TOBIIUHY, (PEPOMArHiTHOTO i30J19TOPA, NPU SIKill pO3MipHUIT e(PeKT
IIPOSIBJISIETHCS B TEIJIONPOBITHOCTI. 7.PO3IJISIHYTO IEPEHECEHHS TEIJIa B CUCTEMi METAJIEBUX LIAPiB, PO3IiIEHUX
IieJIeKTpUYHUM [IPOLIAPKOM NPY HU3BKUX TeMIepaTypax. 8.064ncieHo e(eKTUBHY MONEePEYHY TeIJIONPOBiIHICTh
3 IOBIJILHOIO KiJIBKIiCTIO LIapiB, MPOaHali30BaHO PO3MipHUI e(eKT TeNJIONPOBIAHOCTI 1JIs1 BUNIAAKIB TOHKHUX i

TOBCTHUX 1lIapi METay.

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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