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1. TapacoB O.M. Y3aranbHeHu# pepmi-piguHHAN Nigxin B Teopii HaaminHHOCTI 3He i HEUTPOHHOI Marepii 3
aHI30TPONHMM TPUIJIETHUM CIIAPIOBAHHAM B CUJIbHUX MArHITHUX NoJ1saX. Ha mpasax pykonucy. Jluceprauis Ha
3100yTTSI HAYKOBOTO CTyIIeHs JOKTOopa (isuKo-MaTeMaTUYHUX HayK 3a crienianbHicTio 01.04.02 -- TeopeTuyHa
¢disuka (104 -- disuka Ta acTpoHoMis). -- HanionanbHUI HayKOBUM LEeHTp “XapKiBCbKUil (Pi3NKO-TEXHIYHUI

inctutyr” HAH Ykpainu, Xapkis, 2020. lucepTallis IpUCBsiY€Ha AOCIIKEHHIO B €JMHOMY TEOPETUYHOMY MiAxoi



PiBHOBa>XXHUX BJIACTUBOCTEN i (PAa30BMX NIEPEXOIiB B HANIJIMHHYX (PepPMi-PiIMHAX 3 TPUILJIETHUM CHIAPIOBAHHSIM
€JIEKTPOHEUTPAJIbHUX ITapaMarHiTHuX pepMioHiB -- B resiii-3 i HEUTPOHHI PigyHI B igpaX HEUTPOHHUX 3iPOK -- B
CUJIBHUX MarHiTHUX noJsix. Ha ocHoBi (pepMi-pifHHOrO Nifxofy, y3arajbHEHOro Ha HaAIJIMHHI CUCTEMH, B ITeplliii
YaCTHHI JucepTaLlii, o CKIAJAEThCs 3 JBOX PO3AiJIiB, OTPUMAHO PE3yJIbTaTH [JIs1 HAAIUIMHHUX (a3 PilKoro rejin-3
B IIOMIPHO CUJIbHAX MarHiTHUX I0JISIX SIK [106JIM3y TeMIlepaTypu (a3oBOro rnepexojy 3 HOpMajabHOTO B HAAIJIMHHUN
CTaH, TaK i 1714 JOBIJIbHUX 3HAYE€Hb TEMIIEPATYP, [IPU SIKUX reJlifi-3 € HaAIUIMHHAM. 30KpeMa, OTPUMaHO YTOYHEHY
(opMyJly 3 HOBOIO 10JATKOBOIO HEJIiHINTHOIO 110 T0JII0 IIOIPABKOIO [JIsl TEMIIEpaTypy (Pa3oBOro Nepexomy 3
HagnauHHOI a3y 3He-A B ¢pasy 3He-B B IOMipHO CMJIBHOMY MarHiTHOMY I0J1i. BuBeIeHO B IBHOMY BUTJIsA[
3arajibHi BUpasy /1J1s1 aHOMaJIbHUX | HOpMa/IbHUX QYHKLIiN PO3IOAiNy KBa3iuaCTUHOK, HEOOXiHI 115 onucy
IOBiNbHUX (a3 HAAIIJIMHHOI apaMarHiTHoi GepMi-piguHy, 10 CKIaIaeThCs 3 €JeKTPOHENTpanbHUX HEepPMioHiB, 3
TPUIJIETHUM CIIAPIOBAaHHSIM B MArHiTHOMY IOJIi i IPU OyAb-SIKUX TEMIIEPATypPax B 06JIACTi iCHyBaHHS HAOIIJIMHHOCTI.
B npyriit yacTuHi nucepTauii, o0 CKIAHAETHCS 3 TPHOX PO3LITIB, 111 HEUTPOHHOI PifHYU CY0'IAepHUX i

HaJ ilepHUX I'YCTUH JOCIIIIPKYIOTbCSI pIBHOBaXKHI BIaCTUBOCTI HAATVIMHHUX (a3 3 TPUIJIETHUM CIIapPIOBAaHHSIM
HEUTPOHIB B CUJIbHAX MArHiTHUX I10JISIX, BAKOPUCTOBYIOYH B SIKOCTI Mi’K4aCTMHKOBOI B3aeMOJii Pi3Hi
napamerpusauii epekTuBHuX cui CKipMa, 10 3a/1€XKaTh Bifl [yCTUHU HEUTPOHIB. B pe3ysbTaTi aHaJIITUYHNAX
PO3paxyHKiB OTpUMaHO HabsvxkeHi GopMysu s TeMrepaTyp (a3oBUx [1epexo/iB B pi3Hi HanIMHHI ¢pasu LiiibHOI
HEWTPOHHOI Martepii 3 aHi30TPONHUM TPUILJIETHUM P-CIIaPIOBAHHSIM HEWTPOHIB B CUJIbHUX MarHiTHUX IOJISX i
3HANZEHO BUJ, iX JIiHIMHOI 3a71€XKHOCTI Bifl IOMiPHO CUJIBHOTO MarHiTHOTO 10JIs i HeJIiHIMHOI -~ Bifl TyCTUHM (B
Me>Kax 3aCTOCOBHOCTI HEPEJIITUBICTCHKOTO MMigX0Ay). SHANEHO /1711 MarHiTHOI CIPUIHATIIMBOCTI SIBHI 3a71€)KHOCTI
Bifl [yCTUHU J1J151 HEUTPOHHOI MaTepii 3 fBoma pisHOBUAAMM cui CKipMa (OJ1s1 TpaguLiliHUX i y3arajbHEeHUX ix
napaMeTpusaliil 3 OfHUM i 3 TpbOMA O AHKAMU BiJI[IOBiHO, 110 3aJI€KaTh Bifl TYCTUHM) i 3 TPUIIETHUM
CIIAPIOBAaHHAM HEUTPOHIB B PAaHUYHOMY BUIIAZKY TEMIIEPATYPH, sKa JOPiBHIOE HYyJIO0. [IoKa3aHo, 10 y pasi
TpaguuiiHux cui CKipMa MarHiTHa COPUUHATIIMBICTh HAAIIJIMHHOI HEUTPOHHOI PiMHY PSIMYE 10 HECKIHYEHHOCT]
IIpY HabJIM>KEHHI 'YCTMHU [0 IeBHOTO KpUTUYHOTO 3HAUY€HHS, 1110, K IIPaBUJIO, IIEPEBUILYE epHY I'YCTUHY, i 11e
CBiZJYATb IPO BUHUKHEHHS (PEPOMArHiTHOI HECTIMKOCTI B cucTeMi. A 17151 y3arasbHeHux cuil CKipma 1g
(epomarHiTHa HECTINKiCTb HEUTPOHHOI PiIMHU YCYBA€ThCS HE TiZIbKU B HOPMAJIbHOMY CTaHi, ajie i B cTaHi 3
aHi30TPOIHOIO TPUILJIETHOIO HaAIUIMHHICTIO Tully 3He-A. BuBeneHo yrouHeHi GOpMyJIu 1J1s MUTOMOI TEIJIOEMHOCTI
(1o 3a BiACYTHOCTi MarHiTHOrO 10JIs 3aJIEXKUTD Bifl TEMIIEPATYPH i TYCTUHM) SIK [1JIs IIiIbHOI HAJIIJIMHHO]
HEUTPOHHOI MaTepii 3 y3arasbHeHUMU cusiamu CKipMa i 3 TPUILZIETHUM P-CIIapIOBAaHHAM HEWTPOHIB, TaK i 1714
HAJIIJIMHHOI aHi30TpOnHOI A-(dasu resniio-3 [t HAIHU3bKUX TEMIIEPATYP i AJIs TeMIiepatyp 6JIU3bKUX JO

TeMIepaTyp ¢asoBUx [1epexo/iiB B HAAIVIMHHI 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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