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1. V3aranbHeHut pepmi-pinnHHUN migXin B Teopii HaprmnHHOCTI 3He i HeTpoHHOI MaTepii 3 aHi30TPOITHUM

TPUIJIETHUM CIIapIOBAHHAM B CUJIBHUX MAarHiTHUX I0JISIX.

2. Generalized Fermi-liquid approach in the theory of superfluidity of 3He and neutron matter with anisotropic
spin-triplet pairing in strong magnetic fields.

Pedepar:

1. TapacoB O.M. Y3aranpHenuit dbepMi-piguHHUN niaxin B Teopii HaamauHHOCTI 3He i HeliTpoHHOI MaTepii 3
aHI30TPOIIHMM TPUIJIETHUM CIIAPIOBAHHSM B CUJIBHUX MarHiTHUX NoJigx. Ha npaBax pykonucy. JlucepTralist Ha
3000yTTS HAYKOBOI'O CTYIEHS NOKTOpa (Pi3UKO-MaTeMaTUYHUX HAaYK 3a cnenianbHicTio 01.04.02 -- TeopeTnyHa
¢disuka (104 -- disuka Ta acTpoHoMis). -- HanjoHanpHMI HAyKOBUH LeHTp “XapKiBChbKuil Pi3NKO-TeXHITHUI
inctutyT” HAH Vkpainu, Xapkis, 2020. JlucepTaliist npyucBsideHa AOCIiIPKEHHIO B €IUHOMY TEOPETUYHOMY MigXozi
PiIBHOB2)KHUX BJIACTUBOCTEM i Ha30BUX MEPEXO/iB B HAAMIMHHUX (pepMi-pinnHax 3 TPUIJIETHUM CIIapIOBaHHSAM
€JIEKTPOHEUTPAJILHUX [TapaMarHiTHUX (GEepMioHiIB -- B reJii-3 i HEUTPOHHIN PigyHi B ipaX HEUTPOHHUX 3iPOK —- B

CHJIBHUX MarHiTHux noJsix. Ha ocHoBi (pepMi-pinHHOrO mifxopy, y3arajbHEHOro Ha HaAIUIMHHI CUCTeMH, B [eplliii



YaCTHHI JucepTallii, 0 CKIaAA€ThCS 3 ABOX PO3LiliB, OTPMMAHO pe3yJbTaTU [J HAAIJIMHHUX (a3 pifkoro resin-3
B IIOMipHO CUJIPHUX MarHiTHUX IOJISIX SIK ITO0JIM3Y TeMmIepaTypu $a3oBoro nepexoy 3 HOpMaabHOrO B HAIIIJIMHHUN
CTaH, TaK i 1714 JOBIJIbHUX 3HAYE€Hb TEMIIEPATYP, [IPU SIKUX reJlifi-3 € HaAIUIMHHAM. 30KpeMa, OTPUMAHO YTOYHEHY
(opMyJly 3 HOBOIO 1OLATKOBOIO HEJIIHIHOIO 10 T0JII0 MIOIPABKOIO 1711 TEMIIEPATypu (Pa3oBOro NepPeXomny 3
HaamMHHOI (pasu 3He-A B a3y 3He-B B noMipHO CUIBHOMY MarHiTHOMY 10Jli. BUBeieHO B SIBHOMY BUTJIST]
3arajibHi BUpasy /1J1s1 aHOMaJIbHUX i HOpMaJIbHUX PYHKLIN PO3MOAiNy KBa3iuaCTUHOK, HEOOXifHI 1151 onucy
IOBiNbHUX (a3 HAAIJIMHHOI TapaMarHiTHoi GepMi-piguHy, 10 CKIaaeThCs 3 €JIeKTPOHENTpaNbHUX HEPMiOHIB, 3
TPUIJIETHUM CIIAPIOBAHHSIM B MArHITHOMY I1OJIi i IPU OyAb-SIKMX TEMIIEPATypPax B 00JIACTi iCHyBaHHSI HAOIIJIMHHOCTI.
B npyri#t yacTuHi nucepTaii, 110 CKIAHAETHCS 3 TPHOX PO3LITIB, 111 HEUTPOHHOI pifHYU CY0'sAepHUX i

HaJ silepHUX I'YCTUH JOCJiIPKYIOTbCSI PIBHOBaXKHI BIaCTUBOCTI HAAIVIMHHUX (a3 3 TPUIJIETHUM CIIapPIOBaHHSIM
HEUTPOHIB B CUJIbHAX MArHiTHUX I10JISIX, BAKOPUCTOBYIOYM B SIKOCTI Mi’K4aCTMHKOBOI B3a€MOii Pi3Hi
napameTtpusaii edpexruBHux cui CKipma, 10 3aeXaTh Bill TyCTUHU HEUTPOHIB. B pe3ysbTaTi aHaIiTUYHUX
PO3paxyHKiB OTpUMaHO HabsvxkeHi GopMysu 11 TeMIepaTyp (pa3oBUx [1epexo/iB B pi3Hi HanIMHHI a3y LiibHOI
HEUTPOHHOI MaTepii 3 aHI30TPOITHUM TPUIIJIETHUM P-CIIAPIOBAHHAM HEUTPOHIB B CUJIbHUX MATHITHUX MOJISX i
3HANZEHO BUJ, iX JIiHIMHOI 3a71€XKHOCTI Bifi IOMiPHO CUJIBHOTO MarHiTHOTIO NOJIS i HEJIiHIMHOI -~ Bifl TyCTUHM (B
Me>Kax 3aCTOCOBHOCTI HEPEJIITUBICTCHKOTO MigXoAy). SHANeHO 111 MarHiTHOI CIIPUIHATIIMBOCTI SIBHI 3a71€)KHOCTI
Bifl [yCTMHU J1J11 HEUTPOHHOI MaTepii 3 Boma pisHOBUAAMM cui CKipMa (OJ1s1 TpaguLiiHUX i y3arajJbHEeHUX ix
napaMeTpu3aliil 3 OHUM i 3 TpbOMA AOJAHKAMMU BiJI[IOBiAHO, 110 3aJI€KATh Bifl TyCTUHM) i 3 TPUIIETHUM
CIIapIOBaHHAM HEUTPOHIB B PAaHUYHOMY BUIIAZKY TEMIIEPATYPH, SKa JOPiBHIOE HYyJIO. [loKaszaHo, 110 y pasi
TpaguuinHux cui CKipMa Mar"iTHa CIpUUHATIIMBICTh HAAIJIMHHOI HEUTPOHHOI PiiHY MPSIMYE 10 HECKIHYEHHOCT]
IIpu HabJIV>KEHHI T'YCTMHU [0 IEeBHOIO KPUTUYHOTO 3HAUY€HHS, 110, SK IPaBUJIO, IIEPEBUILYE E€PHY I'YCTUHY, i 1€
CBiZJYATb IIPO BUHUKHEHHS (PePOMAarHiTHOI HECTIMKOCTI B cucTeMi. A 17151 y3arasbHeHux cui CKipma 1g
dbepomarHiTHa HeCTilKiCTh HEHTPOHHOI PiIMHY YCYBAETHCS HE TiJIbKU B HOPMAJIbHOMY CTaHi, ajie i B cTaHi 3
aHi30TPOIHOIO TPUILJIETHOIO HaAIIMHHICTIO Ty 3He-A. BuBeneHo yTouHeHi GOPMYJIH [1J1s1 MUTOMO]I TEIJIOEMHOCTI
(o 3a BiACYTHOCTi Mar”iTHOrO 10JIs 3aJIEXKUTD Bifl TEMIIEPATYPH i TYCTUHM) K [JIs IIiTbHOI HAJIIJIMHHO]
HEUTPOHHOI MaTepii 3 y3arasibHeHUMU cusiamu CKipMa i 3 TPUILIETHUM P-CIIapIOBAHHAM HEWTPOHIB, TaK i 1714
HAJIJIMHHOI aHi30TponHOi A-¢dasu resito-3 a1t HAIHU3bKUX TEMIIEPATyp i [Jis1 TeMIiepaTyp OJU3bKUX 1O

TeMIIepaTyp (a3oBUX [1I€PEXO/iB B HAAIJIMHHI CTaHU.

2. Tarasov A.N. Generalized Fermi-liquid approach in the theory of superfluidity of 3He and neutron matter with
anisotropic spin-triplet pairing in strong magnetic fields. The Doctoral Thesis is devoted to theoretical
investigation of equilibrium properties and phase transitions in superfluid Fermi-liquids (SFLs) with spin-triplet
pairing of electrically neutral fermions in strong magnetic fields. The superfluid phases of liquid helium-3 and
phases of dense neutron fluid in cores of neutron stars serve as examples of such SFLs. Based on the Fermi-liquid
approach generalized to superfluid systems, in the first part of the thesis, consisting of two chapters, the results
are obtained for superfluid phases of liquid helium-3 in moderately strong magnetic fields at temperatures near
the phase transition temperature from normal to superfluid state and also for any temperatures at which helium-3
is superfluid. In particular, a refined formula is obtained for the phase transition (PT) temperature from superfluid
phase 3He-A to phase 3He-B in moderately strong magnetic field with new additional correction which is
nonlinear in field. General explicit expressions are derived for abnormal and normal distribution functions of
quasiparticles, which are valid for description of arbitrary phases of the neutral paramagnetic SFL with spin-triplet
pairing of the 3He type at any temperatures in a static and uniform magnetic field. The second part of the thesis
(see chapters 3, 4, 5) is devoted to investigation of dense superfluid spatially homogeneous pure neutron matter
(SNM) with spin-triplet anisotropic p-wave pairing of the 3He-Al,2 type in static and spatially uniform moderately
strong magnetic field. The effective Skyrme forces (which depend on density of neutron matter) are used as
interaction in SNM. General approximate analytical formulas for phase transition temperatures in spatially uniform
pure NM (with arbitrary parametrization of the effective Skyrme forces) from normal to superfluid states with
spin-triplet p-wave pairing of 3He-Al,2 type are obtained. These PT temperatures are functions linear of
moderately strong magnetic fields and nonlinear of number density of neutrons in the range from sub- to supra-



nuclear densities. The paramagnetic susceptibility of SNM with traditional parametrizations of Skyrme forces (with
only one term dependent on neutron density) is divergent at critical value of density, which, as a rule, exceeds the
nuclear density. It might be explained as phase transition of SNM to ferromagnetic state which coexists with
anisotropic spin-triplet superfluidity in neutron matter with traditional Skyrme forces. In the subsequent chapters
4 and 5 the superfluid and magnetic properties of SNM in the state of statistical equilibrium are investigated with
using a number of new generalized effective Skyrme forces from the family of BSk parametrizations, which contain
three terms dependent on neutron density. It was found that the temperature dependencies of the energy gap of
superfluid Fermi-liquid of the 3He-A type near zero temperature and in the vicinity of PT temperature TcO(n) (in
the absence of a magnetic field) are determined only by the symmetry of the order parameter and do not depend
on the nature of interactions, which give rise to the triplet Cooper pairing in a system. The improved approximate
analytical formulas are derived for the specific heat of SNM (or SFLs) with anisotropic triplet p-wave pairing of the
3He-A type, which are valid near zero temperature and in the vicinity of PT temperature TcO(n). The character of
the specific heat dependence on temperature T in a superfluid phase appears not to be dependent on the type of
interaction between fermions. This means that the power-law temperature dependence of the specific heat of
SNM (or SFLs) is determined by the type of unconventional anisotropic Cooper pairing of fermions. It is established
that the dependence of the specific heat on the density differs significantly for various SFLs (or for SNM with
different generalized parametrizations of Skyrme forces) and is determined by the interaction parameters.
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