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CTabiNBbHICTIO Ta BifICYTHICTIO KOPO3ifiHOrO BIJIMBY. BogHOYAC iXHe MMPOKe MPaKTUYHE BIPOBAIKEHHS JIIMiTy€eThCS
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pizkoi ¢asu Ta gerpasgauiero BJIaCTUBOCTEH IIPY LMKIIYHUX HAaBaHTKEHHSX. [10[10/1aHHS IUX OOME>KEHb
3MiICHIOETHCS IWIISIXOM Moaudikauii iXHbOI CTPYKTYpU HAHOPO3MIPHUMU JOMIIIKaMH, 1110 1O3BOJISIE
LjiJIeCTIpSIMOBaHO KepyBaTy KiHETUKOIO (Ha30BUX NIEPEXO/IB Ta TeIIonepeaydero. Hezpakaioun Ha 3HaYHUI 06CAr
BUKOHAHMX POOIT, MUTAaHHS KOMIJIEKCHOTO €KCIIEPMMEHTAIbHOTO BUBUEHHS TEII0(PI3MYHUX Ta ONTUYHUX
BJIACTMBOCTEN OpraHivyHux TAM, Mogn(piKOBaHNX HAHOCTPYKTYPHUMU JOMIIIKaMU, 30KpEMa IIPU PO3MUTUX
(a30BUX NEpPeXoax, 3aJIUIIAI0TECS HEJOCTATHRO BUBYEHUMMU. ABTOP CIIMPAETHCS HA HAYKOBI Npalli MPOBigHUX
BUYEHUX, 30KpeMa Landau, Ginzburg, Frenkel, siki BHeci 3HauHUI BHECOK Y PO3BUTOK (Pi3vKu (Pa3oBUX NEPEXOIiB
Ta TennoQi3rK1 KOHAEHCOBAHUX CepeJoBUL. Y Taly3i HAHOCTPYKTYPOBaHUX BYIJIELIeBUX MaTepiajliB BaXKJIMBY POJb
Bigirpanu po6otu Harold Croto, Robert Curl ta Richard Smoll, siki Binkpunau ¢pynepenu, Bkitovaouu ¢pynepes C60.
Brniepue oTpumMaHO MacuBYM €KCIIEPUMEHTAIbHUX JAaHUX TEMIOQi3NYHUX BIACTUBOCTEN (€PEKTUBHOI TENITIOEMHOCTI,
TEIJIONPOBiIHOCTI, TEMIIEPATYPOIIPOBIAHOCTI Ta €HTAJIBbIIIN) TIOPUIHNUX KOMIIO3UTIB (H-eMK0o3aH /QysiepeH Ta
napadin /Tepmoposmupenuii rpadit/HaHodacTok CuO) 6e3rnocepesHbO B MeKaxX pO3MUTHX (PA30BUX II€PEXO/LiB;
BCTaHOBJIEHO Ta JIOBEJE€HO, 1J0 KpUTUYHUI BILIMB aICOPOOBAHOI BOJIOTH € TOJIOBHOIO TPUYMHOIO CUCTEMHHUX
IIOMUJIOK Ta [OSIBU IICEBIOAHOMAJIil; pO3pO0JIEHO HOBY 6araToeTanHy TeXHOJOT 0 cuntesy HI'TAM;
c(OpMyIbOBAHO TPU(PA3HY MOZEb PO3MUTOrO (Ha30BOro MEepexomy 1j1s1 HAHOTIOPUAHUX TEPMOAKYMYJIIOBAJIbHUX
Marepiasis. [IpakTUYHe 3HaYEHHSI OTPUMAHMX PE3YJIbTaTIiB NOJISITA€ Y MOKJIUBOCTI LIiJIECTIPSIMOBAHOTO
IIPOEKTYBaHHS HAHOTIOPAHUX TEPMOAKyMYJIIOBAJIbHUX MaTepiaJliB i3 MiJjBUIEHOIO eHTabIiel0 (a30BUX IEPEXOLIB,
TEIJIONPOBIJHICTIO Ta MOKPALIeHMMH ONTUYHUMHU XapaKTepPUCTUKAMMU JJ1s1 3aCTOCYBaHHS B CCTEMax
aKyMYJIIOBAHHSI TEIJIOBOI €Heprii, COHIYHUX TEIJIOBUX KOJIEKTOPAX, Oy1iBEJIbHMX OrOPOJKYyBaJIbHUX KOHCTPYKLISIX
Ta IPUCTPOSIX TepMmocTabinizalii. OCHOBHI peaysbTaty: 1. Bnepiue oTpuMaHO KOMIJIEKCHI MaCHUBU
€KCIIEPMMEHTAJIbHUX JIaHUX NP0 3MiHY €(PEKTUBHOI TENIJIOEMHOCTI, TENJIONPOBIAHOCTI, TEMIIEPATYPOIPOBiTHOCTI Ta
pi3HuLi eHtanenin ¢pasosoro nepexony HI'TAM. 6e3nocepeqHbO BCEPEOMHi iHTepBaly PO3MUTHUX (Pa30BUX
nepexois. 2. HaBeleHO J0Ka3 KpUTUYHOTO BILJIMBY BOJIOTU, COPOOBAHOI Yy IOPUCTOMY IIPOCTOPi HAHOCTPYKTYP Ha
pe3yJIbTaTU KaJIOPUMETPUYHUX JJOCTIIPKEHD. 3. 3aCTOCOBAHO METOJIMKY KOMIUIEKCHOTO JOCTiIKEHHS €(DEKTUBHUX
3Ha4Y€Hb TEIJIOEMHOCTI, TEMIIEPATYPOINPOBITHOCTI Ta TEIJIONPOBiAHOCTI 4. PO3p06J1€HO HOBY 6araToeTanHy
TEXHOJIOTiI0 CUHTE3Yy HAHOTIOPUIHUX TEPMOAKYMYJIIOBUJILHAX MaTepialiB, 0 6a3yeTbcst HA KOMOiHaLii r1M60KO1
TepMiYHOi Aeaepallii Ta BakyyMHoOi imnpersatii.. 5. Bnepie cpopmysiboBaHo TpudasHy MoJesib pO3MUTOTO
dazosoro nepexony st HI'TAM.

2. The dissertation is devoted to solving a relevant scientific and applied task - increasing the eco-energy
efficiency of thermal energy storage systems by developing the scientific foundations for creating a new
generation of nanohybrid phase change materials (NHPCMs). In the context of global growth in energy
consumption and the need to reduce greenhouse gas emissions (according to the sustainable development
scenarios of the International Energy Agency), the use of phase change materials (PCMs) plays a key role in the
decarbonization of the energy sector. Among the wide range of PCMs, the most promising for low- and medium-
temperature solar systems are organic materials (technical paraffins and higher alkanes, specifically n-eicosane),
which are distinguished by a high thermal energy storage density due to the latent heat of fusion, chemical
stability, and the absence of corrosive effects. At the same time, their widespread practical implementation is
limited by a number of fundamental drawbacks, primarily critically low thermal conductivity, the risk of liquid
phase leakage, and property degradation under cyclic loads. Overcoming these limitations is achieved by
modifying their structure with nanoscale additives, which allows for targeted control of the phase transition
kinetics and heat transfer. Despite the significant volume of completed research, questions regarding the
comprehensive experimental study of thermophysical and optical properties of organic PCMs modified with
nanostructured additives - particularly in the context of diffuse phase transitions — remain insufficiently explored.
The author draws on the scientific works of leading scholars, including Landau, Ginzburg, and Frenkel, who made
substantial contributions to the development of phase transition physics and thermophysics of condensed media.
In the field of nanostructured carbon materials, a pivotal role was played by the works of Harold Kroto, Robert
Curl, and Richard Smalley, who discovered fullerenes, including fullerene C60. For the first time, arrays of
experimental data on thermophysical properties (effective heat capacity, thermal conductivity, thermal diffusivity,



and enthalpies) of hybrid composites (n-eicosane /fullerene and paraffin /thermally expanded graphite /CuO
nanoparticles) were obtained directly within the range of diffuse phase transitions; it was established and
demonstrated that the critical influence of adsorbed moisture is the primary cause of systematic errors and the
appearance of pseudo-anomalies; a new multi-stage synthesis technology for nano-hybrid thermal energy storage
materials (NHPCMs) was developed; a three-phase model of diffuse phase transition for nano-hybrid thermal
accumulation materials was formulated. The practical significance of the obtained results lies in the possibility of
targeted design of nano-hybrid thermal energy storage materials with enhanced phase transition enthalpy,
thermal conductivity, and improved optical characteristics for application in thermal energy storage systems, solar
thermal collectors, building envelope structures, and thermal stabilization devices. Main Results: 1. For the first
time, comprehensive arrays of experimental data on changes in effective heat capacity, thermal conductivity,
thermal diffusivity, and phase transition enthalpy differences of NHPCMs were obtained directly within the
interval of diffuse phase transitions. 2. Evidence was provided of the critical influence of moisture sorbed in the
porous space of nanostructures on the results of calorimetric measurements. 3. A methodology for the
comprehensive investigation of effective values of heat capacity, thermal diffusivity, and thermal conductivity was
applied. 4. A new multi-stage synthesis technology for nano-hybrid thermal energy storage materials was
developed, based on a combination of deep thermal deaeration and vacuum impregnation. 5. For the first time, a
three-phase model of diffuse phase transition for NHPCMs was formulated.
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