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Jlany amceprarifo TPpUCBAYeHO BHBUYEHHIO TEPMOJAMHAMIKH CHUCTEM YaCTUHOK, SKi
MOXKYTb OYTH OIKCaHi IPOOOBUMHU CTATUCTHKAMH, IO Y3araJbHIOIOTh CTATHCTHKN Boze—
Aitamrraiina ta @epwmi—/lipaxa.

o mepiol rpynu 3a/1a4 HaJdezKaTh JOCTII2KeHHsS CTATUCTHIHUX BJIACTHBOCTEH da-
CTHHOK, IO IiAHOPSAIKOBYIOThCS €HIOHHIN cTaTUCTHIl, ToOTO, TaK 3BaHuX eHioHiB. Ha
BiMinY Biji 0030HIB 4K (hepMioHiB, JIJi TAKUX YACTUHOK II€PECTaHOBKA IIPUBOJAUTH JI0
JOBLTbHOT 3MiHN a3 XBuaboBol DYHKIT (3BiacH i Tox0AMTh Ha3Ba anyon). EdexTnn-
HO TaKa IIOBEeJIIHKA MOXKJIMBA Y JIBOBUMIpHUX cucTeMax. Ipyra rpyna 3aja4d nos’g3ana 3
BUBUYEHHSAM KiJTbKOX THIIB JIPOOOBUX CTATUCTHUK, OTPUMAHUX Yepe3 y3arajabHeHHs BUpa-
3iB Jiy1s "mces 3anoBuenns. Jlo Hux nasexkarsb (epmi-ras, jpedopMoBaHuil a/IMTUBHOIO
g-excrionenTolo Ilasmrica, a Takox Hu3ka Moaudikariit craructuk [logixponakoca Ta
lonneitna—By.

Y poboti po3riasHyTo abeneBi Ta HeabeseBi eHionu. /ljIs1 ocTaHHIX IepecTaHOBKA
YaCTHHOK 3MIiHIOE He Jniire a3y, aje i caMy XBHIbOBY dyHKI0. [ HUX npoana-
JII30BAHO JBa TUIN, 3aJ€KHO Bij MapaMeTpa »KOPCTKOCTI — 3 M’SIKOI Ta TBEPJIO0
CepIeBUHOIO.

JIJ1s mepImoro TUITY TPOMPAITbOBAHO JeTATLHUMN OMIC TEPMOJTUHAMIKT CUCTEMH €HiO-
HiB, 1110 MAIOTH OKPIM €JIEKTPUYHOIO I11e 1 MaruiTuuit 3apsa. JlocaizKenns rpyHTyEThCS
HA BUKOPHUCTAHHI JIPYroro BipiaJabHOro KoedillieHTa Ta IoIpaBKu JI0 Hboro. /s onucy
BJIACTHBOCTE cHCTEMH OYJI0 BUKOPUCTAHO PO3PAXYHOK CIEKTPY JBOX €HIOHIB Yy MexKax
Teopii 30ypenb. Po3rjis)i cucreMu 4aCTUHOK 3 MarHITHUMU 3apsi/laMu, PO3MIIEHUME
B MOCTIiHOMY MAarHITHOMY TOJI, 3a0€3MeuyeThcsi BUOOPOM BEKTOPHHUX MOTEHITIATbHUX
nogaHKis y dopmi A®) = %[Bo, r|, A™ = at, 1e By i a € cramuvm Bektopamu. [locry-

JIIOIOYH, IO a4 = |a| € HeBEeJIMKHUM YHUCJIOBUM 3HAYCHHAM, MU aBTOMATUIHO MO2KEMO Bpa-



XyBaTH, 110 JaCOBA 3aJEXKHICTh € JOCHTDL cJ1a0Kot. [lei miaxin 103B0jIs€ IpaIioBaTH B
amiabaTnIHOMy HAOJIMZKEHHI. 3a JTOTOMOTOIO Teopil 30ypeHb OY/I0 PO3PaX0OBAHO eHepre-
TUYHUNA CIEKTP CUCTEMH JIBOX €HIOHIB, IO JIHIHHO 3a/€KUTDH BiJ| BBEJAEHOT 3MIHHOT. Y
TeKCTI POOOTH OIIHEHO HMOPSI0K 3HAYEHHS IIapaMerpa a Ta IPOaHAJI30BaHO MeEKi pe-
AJTBHOI 3aCTOCOBHOCTI 1 JIETEeKTYBAHHS MOJIIB TAKOTO MOPSJIKY, 3 SKOTO MTONPABKU HAOY-
BalOThb JIOIYCTUMUX, TOOTO JIOCUTH MaJiuX 3Ha4YeHb. [lokazaHo, 1110 BpaxyBaHHS BHECKY
BiJI FIOTETUYHUX MArHiTHUX 3apsijiiB 3HIMAE BUPOJZKEHH 33 OpOITaJIbHUM KBAHTOBUM
YUCJIOM I eHepreTHYHUX piBHIB. OTpUMaHO BUpa3 JJid IMONPABKH JIPYIroro BipiaJib-
Horo KoedirienTa Ab,. IIpomeMoHCcTpoBaHO mMiKaBy 3ajexKHiCTh — 1pu a < 0.5, ToOTO
npu 0030HHINE CTOPOHI, IS TONPABKA Ma€ €eKCTPEMYM, a caMe — MiHiMyM ab0 MaKCUMyM
3aJIeKHO Bijl 3HAaKa JOOYTKY €JEeKTPUYHUX i MAarHiTHUX 3apsiiB ep. [Ipn mabauken-
Hi « 10 (depMiOHHOI CTOPOHH, TOOTO IPU v — 1, 3aJIEXKHICTH MONPABKH JI0 JIPYTOIO
BipiasibHOTO KoedimienTa crae JiHiiiHo©. TakoXK AeTajabHO PO3paxOBaHO MOMPABKY 10
MArHITHOI CIPUHHATIHBOCTI. 3PO3YMIJIO, M0 AHAJOTIYHUM YHHOM MOYKHA PO3PaXOBY-
BaTH MOMPABKH JIO THITUX TEPMOJIUHAMIYHUX (DYHKILif.

Onuc TepMOJIUHAMIKI CUCTEMH 6AaraThboX YaCTHHOK € BaKJIMBOIO CKJIAJIOBOIO (Di3H-
gHOol HayKu. OcTaHHIM YacoM 0araTto poOiT NPUCBAYEHHIO BUBUYEHHIO IIHOTO MATAHHS STK
y TPUBHMIDHOMY TPOCTOPi, TaK 1 y ABOBUMIpHOMY. 30KpeMa B OCTAHHBOMY 1 BUHUKA-
I0Th €HioHU. | gKIo /1719 abeieBUX €HIOHIB € JIOCTATHBO Pe3yJIbTATIB 3a Pi3HUX YMOB, 9K
peaJIbHUX, TaK 1 YMCTO TMMOTEeTHIHUX, TO /s HeabeJeBUX MOXKHA 3HAUTH JIUIIE JTOCUTH
obMezKeny yacTuHy JIopoOKy. BjiacHe, came ToMy HACTYIIHOIO OIIPAllbOBAHOIO ITPod/IeMa-
TUKOIO CTAJIO 3aB/IAHHS OTPUMATH OLTBITE iHMOPMAIIIT 110 OMUCY IBOT'O THITY YaCTUHOK.
Otoxk, /I Apyroro BUJY €HIOHIB — HeabesJeBUX — JIOCJIIZKEeHO MUTAHHS JPYTroro Bi-
piaabHOro Koediiienra. Bupuenns neabe/leBUX €HIOHIB CYTTEBO YCKJIAIHIOEThCSI TUM,
0 3aJ1€7KHO BiJI TUILy YKOPCTKOCTI CEPIEBUHU BUPA3 /s JIPYTOro BipiajbHOro Koedi-
i€HTa € pi3HUM. | 9KINO y BUNIAJAKY TBEPIOI CEPIEBUHN BiH MA€ JOCUTDH 3PYUHY (POpPMY
3alucy, TO JId M'dKol — HaOyBae JAyzKe TPOMI3IKOrO BHIVISIAY, & TOMY 3 HUM JIyZKe
CKJIQJHO TIPAIIOBATH, K aHAJITUYHO, TaK 1 YUCETbHO. TOMY 1 CHPOIIEHHS ONHUCY
OyJ10 BUPIIIEHO 3AITPONOHYBATH OPUTiHAJIbHUIT CIIOCIO BUpaYKeHHS 3B’ 43Ky ITapaMeTpiB
ix BipiaabHUX KOeMIIIEHTIB Ta MapaMeTpiB JABOMAPAMETPUIHUX JIPOOOBUX CTATUCTHK,
o6 ONMMCYBATU CUCTEMY €HIOHIB depe3 octanHi. OdeBUIHO, 110 Ie Oy/10 3pobJIeHO 3
BpaxyBaHHAM KIJIbKOCTI nlapaMerpiB craructuk. [ljis eHlOHIB 3 TBEPOI0 CePIEBUHOIO
OyJ10 BUKOPpHCTAHO HEaIUTUBHI Ta HenoBHI Moudikanii g-ekcrionenToro [asiica craru-

cruk llonixponakoca ta lonjeitna—By. Po3paxoBano 3uadenns mnapameTpiB JIpoOOBHX



CTATUCTHUK, 32 SKUX €HIOHM IBOI'0 BHIAY MOXKYTH OyTH dYepe3 HuX omnucami. /lis nea-
Oe/IeBUX EHIOHIB 3 M SIKOIO CEPIIEBHHOIO MPOIEMOHCTPOBAHO PE3YJIbTATH 3B SI3KY JIUIIE
3 Koedinienramn HeaauTUBHOI crarucTuku [losixponakoca. OUeBUIHO, 1IIO TAKUM 7K€
YUHOM MOXKHA OTPHUMATH 3B’430K 1 3 IHIIUMHU JIBONAPAMETPHIHUME CTATHCTUKAMMU.

OKpiM BHIIIe HAIKUCAHOIO, TAKOXK OyJIO ONPallbOBAaHO Ta MOPIBHSHO JIBa BapiaHTH
BIpiaJIbHOTO PO3BUHEHHS, SKI MOXKHA 3YCTPIiTH B HAyKOBiil Jiiteparypi. Ogauu 3 HUX
IPYHTYETHCSA Ha PO3KJIA/Il B PIBHAHHI CTaHy B P/l 38 CTEIEHAMUI I'yCTUHU. [HITmil miaxi
Da3yeTbCsd HA PO3KJIAJIl CTATHCTUYHOI CYMH B psiJl IIO CTeleHAM akKTuBHOcTi. B poboti
MOJIAHO BUBEJICHHS 3B’I3KYy 000X BipiaJbHUX KOeilli€HTIB.

OkpemuM nuTanasaM 0yJ10 PO3B’si3aHO 3aAady J1/1s1 (pepmi-cucremi 3i c1abKO0 KOHTA-
KTHOIO B3a€MO/IIEI0, OMMMCAHOI0 Yepe3 Hea uTuBHY crarucTuky [losixponakoca. Bescywm-
HIBHO, IO JIJT TAKOI IIOCTAHOBKY 3a/1a4l € JTOPeYHUM HACTYIHUIN 3auC, MO XapaKTepH-
3y€ HeBeJIMKI BIAXWIEHHS Bi cTaHIAPTHOI cTaTUCTUKE PepMmi: ¢q = 1+riy=1+n. Y
poboTi JIeTa bHO TOKA3aHO OTPUMAHHS CIIBBIIHOIIEHHS MiK CTATUCTHYHUMH ITapame-
TpaMu 1 mapaMerpamMu B3aeMO/Iil peabHOl (DepMi-CUCTEMU, BUKOPUCTOBYIOUHN BipiaJib-
He PO3BUHEHHsI. 30KpeMa, I JBOBUMIPHOTO (repMi-Ta3y 3 KOHTAKTHIMH B3a€MOIiIMU
BEJINIWHA, MO XapaKTepu3ye 3MOJeThOBaHY cucremy mpopisuioe A = Ey /T, ne E, —
eHeprig 3B'43Ky €JMHOIO JIOCTYHMHOI'O 3B’d3aHOr0 crany. Hepenwki BijxuiaeHHd 7y i ¢
Bl OJIMHUII MOXKHA OTpUMATH y BULJsAl psijiB 3a 1/(In Az). Y BUIIAJKY HeaOeJeBUX
eHIOHIB 13 M’SKOIO CEepPIEBUHOI0 MOXKHA BHPA3UTH Y i ¢ Yepe3 TPU BEJUUUHH — 130-
cuin [, cuiy B3aeMOJil K 1 mapamMerp »KOPCTKOCTI T 3 HeBHOIO €¢B000010. ['oj10BHEM
PYIIEM MOCTAHOBKH IBOT'O MHUTAHHA OyJI0 MaKCHMAaJbHE CIPOINIEHHS 3MajbOBYBaHHS
ILOI'O TUIIY CTATUCTUKHU. Yepe3 MpocTOoTy i 3pYUHICTH, OYEBHIHO, IO BUOIp IpHUIIaB Ha
JIBOMIApAMETPUIHI CTATHCTHKH.

Y poboti TaKoXK JIeTaJbHO TTOKA3aHO BILIUB BUKOPUCTAHHS JedopMallii 10 y3araib-
HeHHsT po3noity Pepmi, BAKOPUCTOBYIOUN HEaJIUTHBHY ¢-eKcroneHTy [lastica 3amicTh
3BHYAMHOI V BUpa3i Juid yuces 3amoBHenHsd. Jlany moaudikalliio 3acTocoBaHO y JIBOX
MOJIEJISIX, 9K1 BIIPI3SHAIOTHCA MiK cODO0IO Y ILIaHI BUOOPY 3MIHHOI y MOKA3HUKY €KCIIO-
Hentu, 10610 3Mminy paxropa ['i60ca. V mepiroMy BUIAAKY e XiMiYHUN TOTEHIA [,
a y JpyromMy — aKTHUBHICTH, YM HITUME CJOBaMu, pyraTuBHicTh 2. TobTO, neprna Ta

Japyra Moaudikalii, BiAIOBIIHO, MATUMYTh BHIJISAI:
n1<€7ﬂ>T) :(E,;a n2(€?Z>T) :;
eq N)/T+1 Z71€Z/T+1
JlerajibHO PO3IJISHYTO HU3bKO- Ta BUCOKOTEMIIEpAaTypHY IpaHuil. BuBeieHo 3ajeKHO-

CT1 7719 XIMIYHOTO HMOTEHIaJy Ta aKTUBHOCTI BiJl TeMIepaTypH 4 IBOX Mojeneil gk



ang rpaauni I° — 0, Tak i anga T° — oo. Ilokazano, Mo pe3yapTaT OMUCY 3 BUKOPH-
CTAHHSM TEPIIOol MOJIesi 30iraeThesd 31 3BUUaitHuM po3nogiaom PepMi Jurre y rpaHuii
HU3BKAX TeMIIepaTyp, HATOMICTh Y T'PAHUIl BHCOKUX TeMNIEepaTyp 3aJezKHO BiJ TOTO,
3 dKOTo OOKY HiJIXOJIUTHU JI0 aJIATUBHOI Mexki ¢ = 1 4m 3J1iBa, 49U clipaBa, MATOMA 130-
XOpHa& TEIJIOEMHICTH NMPAMY€E YH J0 HECKIHYEeHHOCTI, 9U JI0 HYJId, & He J0 KOHCTAaHTH,
K TO € Jid 3Budaitnoro dpepmi-razy. s apyroi Mojiesii 2k Ma€MO Kap/IMHAJILHO THIILY
KapTUHY: B TPAHUIl HU3LKUX TEMIIEPATYP MPOJAEMOHCTPOBAHO BpayKarodi pe3yibTaTh
BIIXUJIEHHS BiJI TPETHOTO 3aKOHY TePMOJINHAMIKH, & caMe — HeHYJIbOBa TEIIOEMHICTb.
3HOBY K TaKH, 3aJIeKHO BiJI 3HaYeHHS ¢ MAE€MO JBa Pi3HI BapiaHnTu. 3JiBa BiJl 01H-
HUIIL 332 HYJbOBOI TEMIIEPATYPH TEIJIOEMHICTH HA0yBa€ IMEBHOTO J0/IATHOI BEJIMYUHH, &
cripaBa — TEIJIOEMHICTH HAOYBA€ HY/JIHOBOTO 3HAYEHHS 3a JIedKOl JIOAATHOI TemIiepa-
Typu. B rpaHuIi K BHCOKHX TeMIepaTyp ONUC CXOXKHUH 10 3BuYaitHoro @epmi-razy —
3HAYEHHS MUTOMOI 130XOPHOI TEIJIOEMHOCTI TPSAMY€E 10 KOHCTAHTH, 3aJeKHOI BiJ BU-
MIpPHOCTI TIPOCTOPY, MO PO3LgIaioTh. [lopaxoBano 3HavyeHHs i30XOPHOT TEILIOEMHOCTI
Cy ansa apyroi mogeni npu 1T — 0 3a pi3HUX 3HAYEHD MapaMeTpiB HEAIUTHUBHOCTI ¢ Ta
nokasuuka § = D/2 B Bupasi Jyist rycTuHd cTaHiB (D — BAMIPHICTH TPOCTOPY ).

JLnst GiIBITOT HAOYHOCTI yCi pe3y/IbTaTH MAKPITICH] BiIMTOBITHUME aHAJIITHIHIMHA

Ta YUCJIOBUMH PDO3PaXyHKaMM, a TaKOZK PUCYHKaMH Ta Ta6J'II/H_[HMI/I.

Kotouogi ciioBa: Teopis 30ypenb, BipiaJbHU PO3KJIa/l, MArHITHHI 3aps, ¢hepmi-Tras,
enrponis Lasurica, g-ekcmonenTa llammica, abeneBi eHioHu, HeabesleBl €HIOHH, JIBOIA-

paMeTpudHi ApoOOBI CTATUCTUKY, HEAIUTUBHA CTATHCTHKA, HEIIOBHA CTATHCTUKA.
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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.

The first group of tasks includes the statistical properties investigation of parti-
cles subject to anyonic statistics, i.e., so-called anyons. Unlike bosons or fermions,
for such particles the permutation leads to an arbitrary (any) change in the phase
of the wave function (hence the name anyon). Effectively, this behavior can occur
in two-dimensional systems. The second group of problems is related to the study of
several types of fractional statistics obtained through the generalization of expressi-
ons for filling numbers. These include the Fermi gas deformed by the non-additive
Tsallis g-exponential, as well as a number of modifications of the Polychronakos and
Haldane-Wu 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. To describe the properties of the system, the calculation of the spectrum of
two anyons within the framework of perturbation theory was used. Consideration of a
system of particles with magnetic charges placed in a constant magnetic field is ensured

by the selection of vector potential terms in the form A©) = 1[Bg,r], A(™ = at, where

2
By and a are constant vectors. By postulating that a = |a| is a small numerical value,
we can automatically taken into account that the time dependence is quite weak. This
approach allows working in the adiabatic approximation. Using perturbation theory, the
energy spectrum of the system of two anyons was calculated, which depends linearly

on the introduced variable. In the text of the work, the order of the value of the



parameter a is estimated and the limits of real applicability and detection of fields of
such an order are analyzed, for which the corrections acquire admissible, that is, rather
small values. It is shown that taking into account the contribution from hypothetical
magnetic charges removes the degeneracy in the orbital quantum number for the energy
levels. The expression for the correction of the second virial coefficient Aby is obtained.
An interesting dependence was demonstrated — at o < 0.5, that is, at the bosonic
side, this correction has an extremum, namely — minimum or maximum depending on
the sign of the product of the electric and magnetic charges eu. When a approaches
the fermionic side, that is, when o — 1, the dependence of the correction on the
second virial coefficient becomes linear. The correction for magnetic susceptibility is
also calculated in detail. It is clear that corrections to other thermodynamic functions
can be evaluated in a similar way.

Description of the thermodynamics of a system of many particles is an important
component of physical science. Recently, many works have been devoted to the study of
this issue both in three-dimensional space and in two-dimensional space. In particular,
anyons arise in the latter one. While for the Abelian anyons there are enough results
under various conditions, both real and purely hypothetical, for non-Abelian ones one
can find only a fairly limited part of the work. In fact, that is why the task of obtaining
more information on the description of this type of particles became the next studied
issue. 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. For non-Abelian anyons with a soft core, the results of
the connection only with the coefficients of non-additive Polychronakos statistics are
demonstrated. It is obvious that in the same way it is possible to obtain a connection
with other two-parameter statistics.

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 interacti-
on described by non-additive Polychronakos statistics was solved. There is no doubt
that the following notation, which characterizes small deviations from standard Fermi
statistics, is appropriate for such a formulation of the problem: ¢ = 1+r and v = 1+n.
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.
In particular, for a two-dimensional Fermi gas with contact interactions, the quantity
characterizing the modeled system is equal to A = Ey,/T, where Ej, is the binding
energy of the only available bound state. Small deviations of v and ¢ from unity can be
obtained as series in 1/(In A?). In the case of soft-core non-Abelian anions, v and ¢ can
be expressed in terms of three quantities — isospin [, interaction force x and hard core
parameter 7 with some degree of freedom. The main driver for posing this question
was the maximum simplification of drawing this type of statistics. Due to simplicity
and convenience, it is obvious that the choice fell on two-parameter statistics.

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 p,
and in the second it is the activity, or in other words, the fugacity z. That is, the first

and second modifications, respectively, will look like this:

1 1
ni(e,u, T) = —————, ns(e, 2, T) = ———.
eff WIT 4 z—leZ/T—i-l

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 of T'— 0 and for T" — oo. It is shown that the result of the description
using the first model coincides with the usual Fermi distribution only in the limit of
low temperatures. On the other hand, in the limit of high temperatures, depending on
whether we approach the additive limit ¢ = 1 from the left side or from the right one, the
isochoric specific heat capacity goes either to infinity or to zero, and not to a constant,
as it is for an ordinary Fermi gas. For the second model, we have a radically different
picture: in the limit of low temperatures, impressive results of deviation from the third
law of thermodynamics, namely — non-zero heat capacity, have been demonstrated.
Again, depending on the value of ¢, we have two different options. To the left of the
unit at zero temperature, the heat capacity acquires a certain positive value, and to
the right — the heat capacity acquires a zero value at some positive temperature. In
the limit of high temperatures, the description is similar to the usual Fermi gas —
the value of the specific isochoric heat capacity leads to a constant that depends on
the dimensionality of the space under consideration. The value of the isochoric heat
capacity Cy for the second model at 7" — 0 was calculated for different values of the
nonadditivity parameters ¢ and the power s = D/2 in the expression for the density
of states (D is the dimensionality of space).

For better clarity, all results are supported by appropriate analytical and numerical

calculations, as well as figures and tables.

Key words: perturbation theory, virial expansion, magnetic charge,
Fermi gas, Tsallis entropy, Tsallis g-exponential, Abelian anyons, non-Abelian anyons,

two-parameter fractional statistics, non-additive statistics, incomplete statistics.
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