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I11. BizomMocTi mIpo aucepraiiiro

IIIudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi creniaai3oBaHOi BYEHOI pagu). 10 35.051.090
IloBHe HalMeHYBaHHSI IOPHUAHUYHOI 0COOH: JIbBiBCHKUMIT HAL[IOHAIbHMI yHiBepcuTeT iMeHi IBana Gpanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHiBEpCUTETCHKA, Oy1. 1, M. JIbBiB, JIbBiBCbKa 0651., 79000, YKpaina

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BizomocTi ripo miznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHe HaliMEHYBaHHS IOPHUAHUYHOI 0COOM: JIbBiBCHKUII HALOHAJIBHUI YHiBepCUTeET iMeHi IBaHa PpaHka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. VHiBepcUTeTChbKa, Oya. 1, M. JIbBiB, JIbBiBCbKa 0651., 79000, YKpaina

dopma ByracHoCTI:
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InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH: He 3aCTOCOBYETHCS

V. BimomocTi npo guceprariio

Mosga aguceprarii:

Koau TemaTHYHHUX PyOpPHK: 29.05, 29.05.15

Tema gucepranii:

1. TepmoguHamivyHi PyHKLII cucTeM i3 APOOOBUMU CTATUCTUKAMU

2. Thermodynamic functions of systems with fractional statistics

Pedepar:

1. Incepraliio IpUCBsIY€HO BUBYEHHIO TEPMOJVUHAMIKY CUCTEM YACTHUHOK, SIKi MOKYTb O6YTH ONUCaHi po6OBUMU
CTaTUCTHUKAMH, IO y3arajbHIOITh CTaTUCTUKY Bose-AliHmTalina ta ®epmi-Zipaka. Y po6oTi po3risiHyTo abesnesi Ta
HeabesieBi eHioHU. [IJ1s1 OCTaHHIX IepecTaHOBKa YaCTMHOK 3MiHIOE He Juiie (asy, ajne i camy XBUIbOBY (PYHKLIIO.
JJ1s1 HUX IPOAaHaJIi30BaHO [Ba TUIIH, 3aJIEXHO Bif] IapameTpa >KOPCTKOCTI - 3 M'SIKOI0 Ta TBEPJIOI0 CEPLLEBUHOIO. 115
[I€pIIOrO TUIlY POIPaLbOBAHO JE€TAJIbHUN ONUC TEPMOAUHAMIKY CUCTEMU €HIOHIB, 110 MAIOTh OKPIiM
€JIEKTPUYHOIO 1€ i MarHiTHUM 3apaz. JocigKeHHs I'PYHTYETbCS Ha BUKOPMCTAaHHI IPYroro BipialbHOTO
KoedilieHTa Ta MONPaBKy 0 HBOTO. [y Ipyroro BUAY €HiOHIB - HeabeseBUX ~ LOCJiIKeHO [IUTaHHS IPyroro
BipiasibHOrO Koe(iuieHTa. BUBUeHHS HeabesleBUX €HIOHIB CYyTTEBO YCKIIA[HIOETCSI TUM, IO 3aJI€XHO Bif] TUITY

SKOPCTKOCTI CepLIeBMHYU BUpa3 IJIs1 IPYToro BipiaJbHOro Koe@illieHTa € pisHuM. | K10 y BUNALIKy TBEPIOI



CEpLEBMHU BiH Ma€ IOCUTb 3py4Hy POpMY 3aIucy, TO sl M'sIKOi — HabyBae Iy>Ke rpOMi3fKOro BUIJISAY, @ TOMY 3
HUM JIy)Ke CKJIa[IHO MTPal0BaTH, K aHAJITUYHO, TaK i 4ncesnbHO. TOMy 1J1s1 CIIPOLIEHHS ONucy 0yJI0 BUPilIeHO
3aIPOIIOHYBATU OPUTiHAJIbHUI CIIOCIO BUPa>KEHHS 3B's13Ky I1apaMeTpiB ix BipiasbHUX KoeillieHTiB Ta napaMmeTpiB
IBOIIapaMeTPUYHUX APOOOBUX CTATUCTUK, II0O ONMCYBATU CUCTEMY €HIOHIB 4epe3 ocTaHHi. OueBUAHO, 1O Lie OyJI0
3po06JIEHO 3 BpaXyBaHHSIM KiJIbKOCTi IapaMeTPiB CTATUCTHUK. [I71s1 €HiOHIB 3 TBEPAOIO CEPLIEBUHOIO 6YJI0
BUKOPUCTAHO HEaAUTHBHI Ta HenoBHi Moaudikariii q-ekcroHeHTow lasnmica cratucTtuk [onixpoHakoca Ta
l'onpeiiHa-By. Po3paxoBaHo 3Hau€HHs NApaMeTPiB pOOOBUX CTaTUCTHK, 32 SIKUX €HIOHU 11bOTO BULY MOXKYTb OyTU
Yyepes HUX onucaHi. TakoX orpanboBaHO Ta ITOPIBHAHO Ba BapiaHTH BipiaJbHOIO PO3BUHEHHS, SKi MOXKHA 3yCTPITH
B HayKOBill jliTepaTypi. OOyH 3 HUX I'PYHTYETHCS HAa PO3KJIAJi B PiBHSAHHI CTaHY B P4J, 32 CTENIEHIMU I'yCTUHU. [HIIUI
niaxin 6asyeTbcs Ha PO3KJIaZi CTaTUCTUYHOI CyMU B PsiJl IO CTEIIEHSIM aKTUBHOCTI. B p0o6OTi N0oJlaHO BUBEIEHHS
3B's13Ky 000X BipiasibHUX KoeQilieHTiB. OKpeMUM NUTAHHAM 0YyJIO PO3B'SI3aHO 33434y A1 pepMi-cuctemi 3i
€71a6KO010 KOHTAKTHOIO B3a€MO/Ii€l0, ONMCAHOI0 YePe3 HEANUTUBHY CTaTUCTUKY [TosixpoHakoca. Y po6oTi feTaibHO
[I0Ka3aHO OTPUMAaHHS CHiBBiTHOIIEHHS MK CTAaTUCTUYHUMU IapaMeTPaMU i MapaMeTpaMu B3aeMO[Iii peasbHOi
(depmi-cucremy, BUKOPUCTOBYIOUU BipiasibHE pO3BUMHEHHS. Y pOOOTi TAaKOX [1€TalbHO I10KA3aHO BIVIUB
BUKOPUCTaHHS Aedopmaliii 10 y3araabHeHHs po3nofiny Gepmi, BUKOPUCTOBYIOYM HEANUTUBHY (-€KCIIOHEHTY
Lansica 3aMicTh 3BUYalHOI y BUpasi 4j1s yruces 3anioBHeHHS. Jany monudikaliiio 3acToCOBaHO y ABOX MOJIEJISX, SIKi
BiIPi3HSIIOTHCS MDXK COOOI0 Y IJIaHi BUOOPY 3MiHHOI y II0Ka3HMKY €KCIIOHEHTH, TOOTO 3MiHy ¢dakropa ['ib6ca. ¥
[IEepHIOMY BUIAJKY Lie XiMiYHUI NOTEHLIiasl, a y APYroMy O aKTMBHICTb, YU iHIIMMU CJI0BaMU, (PYraTUBHICTD. [JeTajibHO
PO3IJIAHYTO HU3bKO- Ta BUCOKOTEMIIEPATYPHY I'PaHUL. BUBeAEHO 3a/1€XKHOCTI 1714 XiMiYHOTO MOTEHIiany Ta
aKTMBHOCTI Bifi TEMIIEPATYPU [JIs1 ABOX MOJEJIEN SK [l TPaHNULi e TeMIIepaTypa NPsIMY€ [0 HyJIs, TaK i JJIs
BUIIAJIKY, KOJIM TEMIIEPATYPa NPAMYE 10 HECKIHYEHHOCTI. [1714 6i/bII0i HAOYHOCTI yCi pe3yIbTaTy MiJKpiNJeHi

Bi]_II'IOBi]_IHI/IMI/I QHAJIITUYHUMMU Ta YUCJIOBUMU PO3paxyHKaMHU, a TaKOK PUCYHKaMU Ta Ta6J'[I/II_LHMI/I.

2. This thesis is dedicated to the study of the thermodynamics of systems of particles, which can be described by
fractional statistics that generalize the Bose-Einstein and Fermi-Dirac statistics. Abelian and non-Abelian anyons
are considered in the work. For the latter, a permutation of particles changes not only the phase, but also the wave
function itself. Two types were analyzed for the non-Abelian anyons, depending on different values of hard-core
parameter - with a soft and hard core. For the first type, a detailed description of the thermodynamics of the
system of anyons, which have, in addition to the electric charge, also a magnetic charge, has been worked out. The
study is based on the usage of the second virial coefficient and its correction. So, for the second type of anyons -
non-Abelian - the question of the second virial coefficient was investigated. The study of non-Abelian anyons is
significantly complicated by the fact that, depending on the type of the hard-core parameter, the expression for
the second virial coefficient is different. And if in the case of a hard core it has a fairly convenient form of
recording, then for a soft one it takes on a very cumbersome appearance, and therefore it is very difficult to work
with it, both analytically and numerically. Therefore, to simplify the description, it was decided to propose an
original way of expressing the relationship between the parameters of their virial coefficients and the parameters
of two-parametric fractional statistics in order to describe the system of anyons through the latter one. Obviously,
this was done taking into account the number of statistics parameters. For anyons with a hard core, non-additive
(with the Tsallis g-exponential) and incomplete modifications of Polychronakos and Haldane-Wu statistics were
used. The values of the parameters of fractional statistics were calculated, according to which anyons of this type
can be described through them. In addition to what was written above, two variants of virial expansion, which can
be found in the scientific literature, were also analyzed and compared. One of them is based on the expansion in
the equation of state in a power series of the density. Another approach is based on the expansion of the partition
function in a series by degrees of fugacity. The work presents the derivation of the relationship between both virial
coefficients. As a separate issue, the problem for a Fermi system with a weak contact interaction described by
non-additive Polychronakos statistics was solved. The work shows in detail how to obtain the relationship between
the parameters of the statistics and interaction parameters of a real Fermi system using virial expansion. The work
also shows in detail the effect of using deformation to generalize the Fermi distribution using the non-additive
Tsallis g-exponential instead of the usual one in the expression for the occupation numbers. This modification is



applied in two models, which differ from each other in terms of the choice of variable in the exponent power, that
is, the change in the Gibbs factor. In the first case, it is the chemical potential, and in the second it is the activity,
or in other words, the fugacity. The low- and high-temperature limiting cases are considered in detail. The
dependences of the chemical potential and activity on temperature are derived for two models both for the limits.
For better clarity, all results are supported by appropriate analytical and numerical calculations, as well as figures
and tables.
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