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1. locnimpKeHHs] KBAHTOBUX CEPEOBHUI YEPE3 CIIOCTEPESKEHHS 32 KOJIMBAHHAMMU TiJl, 3aHYPEHHUX Y TeJlild, 3aBXKIU
OyJ10 MOTYKHUM iHCTPYMEHTOM [1J151 BUSIBJIEHHS YHIKaJIbHUX BJIACTUBOCTEN LIMX PEYOBMH. 32 OCTaHHI DOKU
0COO6JIMBO BEJIMKOI MOMYJISIPHOCTI Haby M KBAapLOBi KAMEPTOHU $IK YHiIBEPCaJbHi 30HIU OJ1s1 LOCIiI>KEHHS PiKOro
reJiiio rpyu HU3bKUX TeMIeparypax. KBapiioBi KaMepTOHU MalOTh BUCOKY HaAiMHICTD, 110 [O3BOJISIE€ IPOBOLSUTH
IOBrOTPUBAJi €KCIIEPUMEHTH 6€3 PU3UKY II0JIOMKU ab0 MOTpedy B YaCcTUX KasliopyBaHHsX. [1[o6 MakcumanbHO
BMKOPHUCTATHU IlepeBaru KBapLoBUX KAMEPTOHIB y BUBUEHHI (PyHIAMEHTaJIbHUAX BJIACTUBOCTEN HANIIJIMHHUX
PO34MHIB i30TOIIB reJiiio, HEOOXigHO IeTalbHO NOCIIIUTY iX PE30HAHCHI XapaKTEPUCTUKU B PIIKOMY redii sk
TEOPETUYHO, TaK i ekciepuMeHTanbHO. OCHOBHA MeTa Ijiei po6oTH — gocuiauty i3nyHi MexaHi3mMu, 110
BM3HAYalOTh B3a€MO/IIO TiApOJMHAMIYHIX MO/, (TIepLIOro Ta IPYyroro 3ByKiB, B's13Koi, IUQy3iiiHOI Ta TEIIOBOi XBUJIb)
i3 Tizamu, 10 KOJIMBAIOTLCS B PiIKOMY resii. 30Kpema, po3risalTbCs MPOLECH BUIIPOMIHIOBAaHHS 1 IIOTJIMHAHHS
€Heprii B HaAIIJIMHHUX PO34YMHAX, BUBYAIOTLCS 3BYKOBI PE30HAHCU B KDUTMYHOMY TeJlii, a TAKOK aHaJli3yIOThCS

PE30HAHCHI 0CO6JIMBOCTI IIEPIIOTO i APYroro 3BYKiB y HAAIIMHHOMY reJiii Ta po3ynHax 1Horo izororniB. OcobauBa



yBara B JUCepTaLii NpUAiNSeTbCS AOCTIIKEHHIO HAJIJIMHHUX PO34YKHIB i30TOIIB resliio Ta po3poob1ii Teopii MOBHOI
CHACTEMH TiAPOIUHAMIYHUX MO/ LIUX PO3YMHIB. AKTyaJIbHICTb LIUX 3aBJIlaHb 3yMOBJIEHA 3HAYHOIO KiJIbKICTIO HOBUX
€KCIIEPUMEHTAJIbHUX PE3YJIbTaTiB, OTPMMAHMX IIPY 3aHYPEHHI OCLMIIIOI0YOro KBAPLIOBOIO KAMEPTOHA B HAJIIJIMHHI
posunHn®He-*He 3 pisHuMu KoHLeHTpalisimu *He — Big Manux 10 15%. Pe3ysnbTaTi eKClepUMeHTaIbHUX
IOCJIiIKeHb II0Ka3asy, o APYTyii 3ByK B TBEPIUX Tilax i pifivHax Oijipllle He MOXKHA BBKATHU PiIKiCHUM 260 CyTO
akazeMiyHuM sBulLeM. 30KpeMa, (POHOHHA rifpoarHamika MosKe BIJIMHYTU Ha IIPOLYKTUBHICTb rpadeny Ta rpadiry
K TEIJIONIPOBIIHUX MaTepiasliB y MiKPOeJIEKTPOHIlli, 110 BiIKpUBAa€ HOBI MOXKJIMBOCTI 11711 €(pEKTUBHOTO YIIPaBJiHHS
TEIJIOBMMHU [IOTOKAMU B HAHOPO3MIPHUX CUCTeMaX. Y aucepTalii aHasi3yeTbCs IPUHLUIIOBA MOKIIUBICTD
BHUKOPHUCTaHHS IPYroro 3ByKY AJis1 eheKTUBHOTO TEIJIOBiIBEIEHHS], 8 TaKOX II€PCIIEKTUBH MOTr0 3aCTOCYBaHHS B
0XO0JIOJPKEHHI OOYMCIIIOBAIbHUX NIPUCTPOIB. [1711 TEOPETUYHOTO ONUCY CIIOCTEPEKYBaHUX SIBUILL Y UNCTOMY reJiii Ta
HAJIIJIMHHYX PO3YMHAX y LIMPOKOMY Jialla30Hi TEMIIEpPaTyp i KOHLEHTpaliil 6yJIo BUPILIEHO 3a1auy pejaKcallii Ha
OCHOBI [TI0BHOI CUCTEMHU TiipoinHaMiYHUX PiBHSIHB AJ1s1 po3unHiB 3He — 4He. 3a moriomoroio nepetsopeHHs Dyp'e,
dopmasizamy HeepMiTOBUX MaTpuLb Ta QyHKUiH I')piHa 6ys10 OTpMaHO PO3B’A30K Lii€i cUCTeMU 1111 MUTTEBOTO
TOYKOBOTO JIXepeJia Tersa abo 1o4aTkoBoro 36ypeHHs KOoHLeHTpallii. Po3B’130K BUpaskeHo yepe3 PpyHKLii ['piHa, sKi
ONMCYIOTh IBa OCHOBHUX MEXaHi3MU peJlakcallii: IMCUINIaTUBHUM (32 PaXyHOK TEIJIONPOBigHOCTI, n1ndysii Ta
tepmonudysii) Ta XBUIbOBUI (3yMOBJIEHUH IIOLIMPEHHSM JIPYroro 3ByKy). ByJio nposeneHo JociikeHHs KOJIMBaHb
T'YCTUHU, TEMIIEPATYPU, KOHLIEHTPALlii Ta TUCKY 3 METOI0 BU3HAYEHHS YMOB, 32 IKUX KOJIMBAHHS TBEPOI CTiHKN
30yIPKYIOTb IIepUINH i APYTUI 3BYK, @ TAKOXK AUCUIIATUBHY AU(Y3iliHy XBUJIIO B HAAIJIMHHOMY TeJlii Ta aKyCTHU4Hi
XBUJIi B HAIKDUTUYHOMY reJiii. Bys10 BUKOHAHO 06UMCIIEHHS BHECKIB LIUX MTPOLECIB Y (POPMYBaHHS PE30HAHCIB i,
4yac KOJIMBaHb 3aKPUTHX KAMEPTOHIB. Y pe3yJsbTaTi IUX JOCIiIKeHb 6yJI0 CTBOPEHO MOJeJb, sIKa onucye QizuyHi
BJIACTMBOCTI PE30HAHCHUX SBUIL, 110 CIIOCTEPIraanucs eKCrepuMeHTaabHO. [ MpOBEeeHHS IIOPiBHSIHHS 3
€KCIIEPMMEHTAIbHUMU JAHMMU B paMKax ra30KiHETUYHOI MOJIeJIi, IKa OMMCY€E CyMilll CJIa6KOB3a€MO/iI0YO0T0 ra3y
KBa3i{4aCTUHOK — (POHOHIB Ta OMIIIOK, I BUXOJUTh 3 CUCTEMU KiHETUYHUX PiBHSHD IJIS1 IUX YACTUHOK, OYJI0
IOCJIIPKEHO NUCUIIATHBHI BJACTUBOCTI SIK PiIKUX, TaK i TBepAuX po3uuHiB *He-*He. Po3risganucs Taki BUIa, SK
MacoBa Ta criiHoBa gudysisg, camoaudysisi i TeNIONPOBiIHICTD, Y IIMPOKOMY [1ialla3oHi TeMIIepaTyp Ta
KOHLIEHTpaLiil. Y pe3ysbTaTi po3paxyHKiB 0yJI0 OTPUMaHO SIBHI BUpasu AJ1s1 KoedillieHTiB CIIiHOBOI Ta MacoBoi
nuysii, a Takox KoedillieHTa TernnonpoBifHoCTi. [s nepeBipku no6yA0BaHOI MOieJli IPOBEeLEeHO ITOPIBHSHHS 3
€KCIIEPMMEHTAIbHUMU JAaHUMHU, 30KPEMA aHaJIi3 3aJ1e’KHOCTEN, 1110 CIIOCTEPIiraaucs B eKCIIEPUMEHTaXx 3i CIiHOBOI
peJakcatii, Ta pasoBoro po3zisieHHs po34uHiB. Bysiu poBeneHi TEOpeTUYHI JOCTiIP)KEHHS MEXaHi3MiB Jucunanii
€Heprii, 0 MPOSBIISIOTLCS B €KCIIEPUMEHTAX i3 KBAPLIOBUMY KAMEPTOHOM, SIKUI KOJIMBAETHCS B HANIIIJIMHHUX
posunHax *He-*He 3 BUCOKOI0 KOHIeHTpalli€elo gomimok *He. 3okpema, TOCaimKeHO MOXKIUBICTD i eDeKTUBHICTh
BUIIPOMIHIOBaHHS KAMEPTOHOM He JIMIle XBUJIi IPYTOro 3BYKY, ajie 1 AudysiliHOI JuCcUNnaTuBHOI XBUJI, IO €
crienrivHOO 117151 PO3YMHIB i30TOMIB resito. B xoxi aHanisy 6yiu 3HaiieHi 3B'SI3KM MDK aMIUIITyZaMU KOJIMBaHb

TEeMIIepaTypH Ta KOHLEHTPALil B IUX XBUJISX, & TAKOXX BU3HAYEHO IXHi BIIHOCHI iIHTEHCUBHOCTI.

2. The study of quantum media through observation of oscillating bodies immersed in helium has always been a
powerful tool for revealing unique properties of these substances. In recent years, quartz tuning forks have gained
particular popularity as universal probes for studying liquid helium at low temperatures. Quartz tuning forks are
highly reliable, allowing for long-term experiments without the risk of failure or the need for frequent calibration.
To fully utilize the advantages of quartz tuning forks in studying the fundamental properties of superfluid helium
isotope solutions, it is necessary to thoroughly investigate their resonance characteristics in liquid helium both
theoretically and experimentally. The main goal of this work is to investigate the physical mechanisms determining
the interaction of hydrodynamic modes (first and second sounds, viscous, diffusion, and thermal waves) with
bodies oscillating in liquid helium. In particular, the processes of energy emission and absorption in superfluid
solutions are considered; sound resonances in critical helium are studied, and resonance features of first and
second sounds in superfluid helium and its isotope solutions are analyzed. Special attention in the dissertation is
paid to the study of superfluid helium isotope solutions and the development of a theory of the full system of
hydrodynamic modes of these solutions. The relevance of these tasks is driven by a significant number of new
experimental results obtained by immersing an oscillating quartz tuning fork in superfluid *He-*He solutions with



various *He concentrations — from small amounts up to 15%. Experimental results have shown that second sound
in solids and liquids can no longer be considered a rare or purely academic phenomenon. In particular, phonon
hydrodynamics may affect the performance of graphene and graphite as heat-conducting materials in
microelectronics, opening new possibilities for efficient thermal flow management in nanoscale systems. The
dissertation analyzes the fundamental possibility of using second sound for efficient heat removal and its
prospects for cooling computing devices. For the theoretical description of observed phenomena in pure helium
and superfluid solutions over a wide temperature and concentration range, the relaxation problem was solved
based on the full system of hydrodynamic equations for *He-*He solutions. Using Fourier transform,
non-Hermitian matrix formalism, and Green’s functions, the solution of this system was obtained for an
instantaneous point heat source or an initial concentration disturbance. The solution is expressed through Green’s
functions describing two main relaxation mechanisms: dissipative (due to thermal conductivity, diffusion, and
thermodiffusion) and wave-like (due to second sound propagation Oscillations of density, temperature,
concentration, and pressure were studied to determine the conditions under which solid wall oscillations excite
first and second sounds, as well as the dissipative diffusion wave in superfluid helium and acoustic waves in
supercritical helium. Calculations of contributions of these processes to resonance formation during oscillations of
closed tuning forks were performed. As a result of these studies, a model describing the physical properties of
resonance phenomena observed experimentally was created. To compare with experimental data within the
framework of a gas-kinetic model describing a weakly interacting gas mixture of quasiparticles — phonons and
impurities — and based on a system of kinetic equations for these particles, the dissipative properties of both
liquid and solid *He-“He solutions were studied. The phenomena of mass and spin diffusion, self-diffusion, and
thermal conductivity were considered over a wide range of temperatures and concentrations. As a result of the
calculations, explicit expressions were obtained for the coefficients of spin and mass diffusion, as well as for the
thermal conductivity coefficient. To verify the constructed model, comparisons were made with experimental
data, particularly analyzing the dependencies observed in experiments on spin relaxation and phase separation of
solutions. Theoretical studies were conducted on the mechanisms of energy dissipation manifesting in
experiments with quartz tuning forks oscillating in superfluid *He-*He solutions with high concentrations of *He
impurities. Specifically, the possibility and efficiency of tuning fork radiation not only of the second sound wave
but also of the diffusive dissipative wave, which is characteristic of helium isotope solutions, were studied. During
the analysis, relationships between the amplitudes of temperature and concentration oscillations in these waves
were found, as well as their relative intensities.
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