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Pedepar:

1. Teopis cunpHUX B3a€EMOZil - KBAHTOBAa XpOMOJMHaMiKa JoOpe BU3HaUY€Ha MaTeMaTuyHo. [IpoTe, HeMae
HaZIiHOTO CIOCOOy OTPUMYBATHU IependadyeHHs y 061acTi TeMIlepaTyp, 110 BiANOBiNAIOTh I'YCTUHAM 3BUYaHUX
SA€P Ta HEUTPOHHUX 3iPOK, a TAKOX YACTMHU PaHHBOTO Beecsity. g ToCigyKeHHs BJIaCTUBOCTEN TaKOi pEYOBUHY,
SIK KBapKHU 1 IJIIOOHU, TOTPiOHI eMIIipUyHi 3HAHH4, SIKi OTPMMYIOThCS Ha [IPUCKOPIOBaYaXx 3apsiKeHUX YaCTUHOK.
PizHOMaHITHI criocTepekeHHs, OTPMMaHi y eKCIIEPUMEHTAX I10 3ITKHEHHIO BaXKKUX iOHIB, ONUCYIOTHCA 32
IIOTIOMOTOI0 Pi3HUX, 3a3BU4al PEHOMEHOJIOTYHNX, Mogesiell. CHCcTeMa, sSIKa YTBOPIOETHCS, €BOIOLIOHYE, i TOMY
BaKJIMBUM € CaMe JMHaMIiYHU# onuc. TakuM YMHOM, CTaHZAPTHUMU IIiIX0JaMN BBaKAKOTLCS PEJISTUBICTChKA
rigpogrHamika Ta TPaHCIOPTHI Mogei. OKpeMO MOXYTb ONMCYBAaTUCS PaHHs abo KiHLeBa CTafisl, IPU LIbOMY
Ba)KJIMBO Oy[lyBaTH CaMOY3TOJKEHMUI Mepexill BiJi 04HOro onucy 1o iHumoro. BaacTuBocTi Marepii perysomTscs B

IVHaMiYHOMY MiIX0Zi 33faHHSIM MTOTEHIiay B3aeMOJIii Y piBHSHHS CTaHY, SIK€ MOKHA O0UNCJIUTU METOLlaMU



PiBHOBa>XXHOI CTaTUCTUYHOI (i3uKuU. ['paTKOBa KBAHTOBA XPOMOJMHAMIKa JO3BOJISIE OTPMMYBATU 3HAHHS IIPO
BJIACTMBOCTI MaTepii B yMOBax HyJIbOBOrO 6apioHHOTO 3apsay. Po3mypeHHs rpaTKoBUX OOYKCIeHb HAa CKiIHYEHHU
0apioHHUI NIOTEHIia/l € TEOPETUYHUM BUKIMKOM. BaxkjiBo, 11106 6yb-siKe PiBHSIHHS CTaHy 36irajsocs 3 r(paTKOBUMU
naHnmu. O6unciaonoun koedilieHTn psany Teinopa, sIKi IOB'sI3aHi 3 KyMYJISIHTaMU 3apsifiiB, MOKHA 3p0OUTH
aHaJiTUYHe MIPOJIOBXXEHHS IPAaTKOBUX JAHMX HAa CKiHYEeHHUI 6apioHHMII noTeHuiazn. IIpu Lpomy 30DKHICTb psny
MOXKe 6yTH oOMekeHa OCOOJIMBICTIO TepMOJMHaMiYHOro roTeHuiany. Teopis Jli-SIHra nos'si3ye 0co6auBOCTi y
KOMIIJIEKCHIl IIOMYHI 3 (pa30BUMU [1€PEXOIAMHU i, BU3HAYMBIIY PafiiyC 30DKHOCTI psily Ta IOJIOKEHHS
CHHTYJISIPHOCTI, MO>KHA OLIIHUTH IOJIOKE€HHSI KDUTUYHOI TOUYKM IeKOoH(paHMeHTy. [IpoTe, iCHYIOTb i iHIIi, He
KpUTHUYHI 0co6s1MBOCTI 260 iHIi (a30Bi nepexoy, sKi TAKOK MOKYTh CTaTU IIPUIMHAMU PO3OIKHOCTI psany. SIK
IIPUKJIA], po3rysigaeTbes pa3oBuil nepexif y siaepHill maTepii, BIaCTUBOCTI SIKOTO BBRXKAIOTHCSI 100p€e BUBYEHUMU.
Ockinbky KoeillieHT po3KJIay TUCKY y psf, Teisnopa 3a XiMiYHUMU NOTEHLiaJlaMu TI0B'sI3aHi 3 (PJIYKTyaLisiMQ,
BB)KAETHCH, 110 iX BUMIPIOBaHHSA Y PENIATUBICTCHKUX 3ITKHEHHAX BAXKKUX IOHIB MOXKE CTaTU BaXKJIMBUM [IPKEPETIOM
indopmauii npo piBHSHHS cTaHy. Ha npakTulyi, 38's130K €KCIIEPUMEHTY 3 PiBHOBRXXHUMU Pe3yJibTaTaMU
CTaTUCTUYHOTO MiX0AYy € CKJIaJHAM BUKJIMKOM. 3iTKHEHHS - 1le AUHaMiuyHuil polec, i 'yCTUHA Ta TeMIeparypa
CUCTEMU 3MIHIOIOTBCS, A HE BiATIOBiNAI0Th OfHINM To4Li. [IIBUAKa 3MiHA BJIACTUBOCTEN CEPELOBUILA MOXE IIPU3BECTH
Io edexTiB mam'sTi, OB'SI3aHYX 31 CKIHUEHHUM YacoM peJsakcallii y cuctemi. KpiMm Toro, neTekTopu BUMipooTh
KiHILIeBi iIMITyJIbCH YaCTUHOK, 110 YTBOPUJIMCS Y PEJISITUBICTCbKUX 3iTKHEHHX. PIyKTyallii 3apsiB, 110 30epiraioThcs,
SKILO CIIOCTEPIraTy BCi YaCTUHKY, [TIOBMHHI 3HUKATU. TOMYy, 3a3BU4al, po3IJIsia€ThCsl IEBHA Nigcucrema. KiacuuHa
cTaTUCTUYHA (Pi3uKa He rependadae KOpesLiil MK iMITyIbcaMy YaCTUHOK. Y 1IbOMY BUIAJKY iMOBIpHiCTb
YaCTUHKY MOTPANUTH y MiAIIPOCTIp AeTEeKTYBaHHS YU YHUKHYTU MOT0 [IOBUHHA OIKCYBAaTUCS BUIIPOOYBaHHSIM
Bepnysi. CyKyIHiCTh YaCTUHOK Yy 1IbOMY BUIIQJKY BifillOBinaTMMe GiHOMiasibHOMY po3noginy. i npunyieHHs
3aCTOCOBYIOTbCSI 17151 00U CIIEHHSI 3aJIE5KHOCTI KYMYJISIHTIB Bifl iMOBIpHOCTI 1€ TEKTyBaHHSI Ta IOPiBHIOIOTHCS 3
nepenoavyeHHsIMU TPAHCIIOPTHOI Moesti. BinxuneHHs Bif 6iHOMiasbHOrO PO3MOAINTY MOXKYTb CBITUUTHU PO
icHyBaHHS KOpeJIsILil y IMITyJIbCHOMY IIPOCTOPI, SIKi MOXYTb OyTH BUKJIMKaHi 3aKOHaMU 30€pe>KeHHsI eHeprii
iMnysibcy, KBAaHTOBUMU €(PEKTaMU, KOJIEKTUBHAM PyxoM. CaMe 3B'130K MiXK (JIYKTyallisIMU Y KOOPOMHATHOMY
IIPOCTOPI Ta (PIIYKTYyaLisIMU Y IMITYJIb,CHOMY ITPOCTOPI PO3IVISIHYTO Y METO] MiaHCcaM6J1iB. Y LIbOMY BUNATKY
CTaTUCTUYHA CyMa PO30MBAETHCS Ha OOYTOK CTATUCTUYHUX CYM IiICUCTEM, SIKi CKOPEeJIbOBaHi BUKJIIOYHO
3aKOHaMU 30€peXXeHHs, i 6y/ib-sIKi B3aeMOZii MDK HUMU € HEXTOBHUMM (HAlPUKJaj, 06'eM KOXKHOI 3 MiJICUCTEM €
HabaraTo 6iJIbIIMM 34 IJIOLLY IOBEPXHi MixK HUMH). Lle o3BoJisie 069ncanTi GIyKryauii K QyHKLil po3Mipy
IiICCTEMU B YMOBax TOYHOTO 30€pesKeHHs 3apsiy Ta IMOB'sI3aTH iX 3 QIIYKTyalisiIMU Y BEJIMKOMY KaHOHIYHOMY
aHcamosi. IIpy HasIBHOCTI KOJIEKTMBHOTO PyXy Pi3Hi 00'eMU MOXKYTb MaTU Pi3Hi IBUIKOCTI KOJIEKTUBHUX IIOTOKIB.
Togi, BUninsgoun nesHy MBUAKICTb YU IMITyJIbC, MOKHA BUZLISTY [1I€BHUI 00'€éM CUCTEMU i IOPiBHIOBATU MO0 3

iHIIMM iMITyJIbCOM - 06'emoM. [1pu 1bOMy (ITyKTyallii 4aCTHHOK NOBMHHI OyTH CUJIBHO TOB'S3aHi 3 PiBHSIHHSIM CTaHYy.

2. The theory of strong interactions, quantum chromodynamics, is well-defined mathematically. However, there is
no reliable method for making predictions in the temperature range corresponding to the densities of ordinary
nuclei and neutron stars, as well as parts of the early Universe. To explore the properties of such matter, like
quarks and gluons, empirical knowledge obtained at accelerators of charged particles is required. Various
observations made in experiments on heavy-ion collisions are described using different, usually phenomenological,
models. The system that forms evolves, hence a dynamic description is important. Thus, standard approaches
include relativistic hydrodynamics and transport models. Separately, the early or final stage may be described,
making it important to build a self-consistent transition from one description to another. The properties of matter
are regulated in a dynamic approach by specifying the interaction potential or the equation of state, which can be
calculated using the methods of equilibrium statistical physics. Lattice quantum chromodynamics allows for
obtaining knowledge about the properties of matter under conditions of zero baryonic charge. Extending lattice
calculations to a finite baryonic potential is a theoretical challenge. It is important that any equation of state
should coincide with lattice data. By calculating the Taylor series coefficients, which are related to the cumulants
of charges, it is possible to analytically continue the lattice data to a finite baryonic potential. However, the
convergence of the series may be limited by the singularity of the thermodynamic potential. The Lee-Yang theory



relates singularities in the complex plane to phase transitions, and thus, by determining the radius of convergence
of the series and the position of the singularity, it is possible to estimate the location of the critical point of
deconfinement. However, there are also other, non-critical singularities, or other phase transitions that can also
cause series divergence. As an example, a phase transition in nuclear matter, whose properties are considered
well-studied, is considered. Since the coefficients of the pressure series expansion in terms of chemical potentials
are related to fluctuations, it is considered that their measurement in relativistic heavy-ion collisions can become
an important source of information about the equation of state. In practice, linking experiment to the equilibrium
results of the statistical approach is a challenging task. Collisions are a dynamic process, and the density and
temperature of the system change rather than correspond to a single point. Rapid changes in the properties of the
medium can lead to memory effects associated with the finite relaxation time in the system. Moreover, detectors
measure the final momenta of particles formed in relativistic collisions. Charge fluctuations that persist if all
particles are observed should disappear. Therefore, a certain subsystem is usually considered. Classical statistical
physics does not predict correlations between particle momenta. In this case, the probability of a particle entering
the detection subspace or avoiding it should be described by a Bernoulli trial. The set of particles in this case
corresponds to a binomial distribution. These assumptions are used to calculate the dependence of cumulants on
the probability of detection and are compared with the predictions of the transport model. Deviations from the
binomial distribution can indicate the existence of correlations in momentum space, which can be caused by
conservation laws of energy and momentum, quantum effects, collective motion. The relationship between
fluctuations in coordinate space and fluctuations in momentum space is considered in the method of
subensembles. In this case, the statistical sum is divided into the product of statistical sums of subsystems, which
are correlated exclusively by conservation laws, and any interactions between them are negligible (for example, the
volume of each subsystem is much larger than the surface area between them). This allows calculating fluctuations
as a function of the subsystem size under conditions of exact charge conservation and relating them to
fluctuations in the grand canonical ensemble. In the presence of collective motion, different volumes may have
different speeds of collective flows. Then, by selecting a certain speed or momentum, a certain volume of the
system can be distinguished and compared with another momentum-volume. In this case, particle fluctuations
should be strongly related to the equation of state.
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