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1. Y puceprauiiiniii po60Ti pO3BUHYTO METOZ, OnKcCy (azoBOro nepexomy nepuoro poay B OGHOKOMIIOHEHTHUX
cucremax y Gpopmaizmi BEJIMKOro KaHOHIYHOro aHcaM610. PO3paxyHKU BUKOHYBIUCD i3 BUKOPUCTAHHIM
KOMIPKOBOI MOJIeJIi IIVHY, gKa € y3araJbHeHa B APYroMy po3zii gucepTalii Ha BUNIaOK HEIIEPEPBHUX CUCTEM.
CyTb MoJieJli KOMIPKOBOTO IJIMHY TOJISIra€ B YMOBHOMY IIOJIiJli 3arajIbHOrO 00’€éMy CMCTEMU Ha [€BHE YUCJIO
dikcoBaHUX 32 PO3MIPOM KOMIpOK. Y 3ajI€5KHOCTI BiJ] T'YCTHHU CUCTEMHU, B KOOKHY 3 KOMiIpOK TOTpaIlise reBHa
KiJIbKiCTh YaCTHHOK, IPUYOMY He HaKJIaJA€eThCs XKOJHMUX YMOB Ha iXHe uncilo. YaCcTHMHKY, SIKi 1epebyBaloTh B MEXKax
OJiHi€ei KOMiIPKH, BBKAIOTbCS TAKAMU, 1O BiJIITOBXYIOTbCS MIXK COOOI0, @ YACTUHKU i3 Pi3HMX KOMIPOK -
IIPUTATYIOTHCS. B sIKOCTI oTeHuiany B3aemoii B pob0Ti BUKOPHUCTOBYETHCS, 30KpeMa, B3aemozis Kiopi-Beiica.
Oco061BICTIO TaKOTO TUITY B3a€MOJIi € BilCyTHICTb 3aJI€’KHOCTI Bif, Bingasni. Ha ocHoBi MeTony onucy ¢pa3oBoi
[IOBEJiHKY, 3aIIPOIIOHOBAHOr0 y IUCEPTALiliHii po6OTi, BIleplle 3[iliCHEHO TOYHNI PO3PaXyHOK BEJIUKOI
CTaTUCTMYHOI CYMHU HENIEPEPBHOI CUCTEMU i3 B3aemopiero Kiopi-Berica, OTpMaHO PiBHAHHSA CTaHY TaKOi CUCTEMU,

BCTaHOBJICHO iCHYBaHHS B Hill kackany $Ha3oBUX II€PEXO]IiB IEPIIOro poAy i3 a3 3 MEHIIO IYCTUHOIO 110 ¢as i3



10pa3 6iIbIIOI0 TYCTUHO. JJOCIIIIPKEHO 3aJI€5KHICTh 3HAYEHHSI KPUTUYHOI TEMIIEPATypy 3aJIEXKHO BiJ] 3Ha4€Hb
rapameTpa a, dKU¥ xapakTepuaye BiIHOEHHS BiAIITOBXYBaJIbHOI YaCTUHY B3a€MOJIii 1O MPUTSTANIBLHOI.
BcraHoB/1€Ha 3aKOHOMIPHICTh 3MEHIIEHHS 3HAaYEHHS KPUTUYHOI TEMIIEPATYPH i3 3BMEHIIEHHSAM BEJINYMHU
IIPUTSITAaHHS BiIHOCHO BilITOBXyBaHHS. OTPMMAaHi BUIlle Pe3yJbTaTh BUKOPUCTAHO AJIs1 ONUCY (Pa30BOi NOBENiHKU
CUCTEM i3 B3a€EMOJII€10, 1O 3AJIEXKUTD Bif Binnasi. 11 nboro 31iiICHEHO PO3PaxyHOK BEJIMKOI CTATUCTUYHOI CYMU
KOMipKOBOI MOJieJii IVIMHY i3 OoTeHLiaoM B3aeMmoii Mopse. IcHyBaHHs 11g Hboro Oyp'e-06pasy L03BOIUIO
3aCTOCOBYBATH METO/, KOJIEKTUBHMX 3MiHHUX. OCOOIUBICTh PO3PAXyHKY BEJIMKOI CTATUCTUYHOI CyMU KOMIpKOBOi
Mo IJIMHY [0JISIrae y BBEIEHI CBOEPiAHOI cCUCTEMMU BifJIiKy. BoHa MiCTUTS JIMile YaCTUHY BiALITOBXYBaIbHOI
KOMITOHEHTH II0TeHLIiaJly B3aeMO/Iii, a TAKOXK [03BOJISE 3iIICHUTH PO3PaxXyHOK SIKOOiaHa IIepexoy Bi ryCTUHHUX
[0 KOJIEKTUBHUX 3MiHHUX. Y pOOOTi pO3BUHYTO JBa MiX0Iu 10 AOCIiIpKeHHs (Ha30Boi noseninky moaeti. [lepinii
CIIOCi0 € 3arajJIbHUM i He 3aJIeXKUTh BiJl GOpMHU NIOTEHIiany B3aeMoJii. BiH € 6iblll FPOMi3AKMM, OCKIiJIbKA OJHUM i3
ioro eTarniB € IPOMDKHe iHTerpyBaHHs I1ifl Yac pO3paxyHKY sikobiaHa nepexoay. JIpyruii crocié — npsamuii —
3aCTOCOBHUI 11711 0OMEXKEHOT0 KJlacy MOoTeHLjasiB B3aeMoyii. BiH BUKOPHCTOBY€ETLCS JInLIE TOLi, KOJIX €PEeKTUBHUI
IIOTEHIIiajl B3aEMOJi, 1110 YTBOPIOETHCSI BHACILOK (POPMYBAaHHS CUCTEMHU BifJIiKy i3 IOYATKOBOrO IOTEHIlialy, HE
3MiHIO€ 3HaKy. Takui Miaxiz 0aB MOKJIMBICTh OTPUMATU TOYHE IIPEACTABIEHHS BEJIMKOI CTATUCTUYHOI CyMU
CHCTEMHU 3 TIOTeHIIiasioM Mop3e y BUIJIsi 6€3MeKHOTO KyMYJISSHTHOTO psily. BCTaHOBJIEHO, 1110 3HaY€HHS
KyMYJISIHTiB BUPQKalOThCsl Yepe3 HOBI crewiaibHi PyHKIii, 5IKi € IBUIKO30)KHUMU psiaMU. XapaKTepHOIO
OCOOJIMBICTIO 3aCTOCYBAaHHSI BEJIMKOTO KAHOHIYHOTO PO3IOJily € OTPUMaHHS PiBHSIHHS HA 3B'SI30K XiMi4HOTO
[IOTEHI[iajly Ta TyCTUHH. Y poOOTi OTPUMaHO TEPMOIMHAMIYHUI ITOTEHIIia MOZeJli B HaOIKEeHHI MOJIEKYJISIPHOTO
I10J151, HA OCHOBI SIKOT'O PO3PaxOBaHi OCHOBHI XapaKTepUCTHUKU (a30BOro Nepexoy Nepioro pony. 3HanieHo
3HAUEHHS IapaMeTpPiB KPUTUYHOI TOUKM, PO3PaX0OBaHO PiBHSHHS CTaHY B LIMPOKOMY [ialla30Hi I'YCTUHU i
TeMIIEpPATyPH BULLE i HUKYe KPUTUYHOI TOUKH, HA OCHOBI SIKOTO IOOYL,0BAHO KPYBY CIiBiCHYBaHHS Ta CIIIHOJAJIb.
Po3paxoBaHO TakoX BUIJIS] TEPMOAVHAMIUYHOrO OTeHIiany i3 BpaxyBaHHIM (IIyKTyalliil, ClIpaBejIMuBOro o6an3y
KpUTUYHOI TOUukU. OCHOBHA ifies] po3paxyHKy TePMOMHAMIUYHOro NoTeHLiany nobausy Tc rnosusrae B OKpeMOMy
PO3PaxyHKy BHECKIB Bif KODOTKOXBUJIbOBUX Ta JJOBIOXBUJILOBUX PEXUMIB (JIyKTyallill NapaMeTpiB NOPSAKY.
KopoTKOXBMJILOBI MOZIM XapaKTEPU3YIOThCS HASBHICTIO PEHOPMIPYIIOBOI CUMETPIi i ONUCYIOTHCS HErayCCOBOIO
T'YCTHUHOIO Mip. Y IbOMY BUIIJIKy BUKOPUCTOBYETLCSI METOJ], PEHOpMaJIi3aliHoi rpynu. Y gucepTalii po3BUHYTO
IIPSIMUM METOJL, OOUKCIIEHHS] TEPMOAMHAMIYHOIO IIOTEHIialy, 10 BKIOYae 061ABa TUNU MOJ, (QIIyKTyalliil
(DOBroxBUJIbOBI Ta KOPOTKOXBUJIbOBI) y HAAKPUTUYHIN 06s1acTi. OTPMMAHO Ta JOCIIPKEHO HeJliHillHe PiBHSHHS, 110
3B'13y€ T'YCTHHY Ta XiMiuHWit noTeHujian. Bupasu 1 koedilieHTiB IbOro piBHSAHHS [IpeCTaBIeH] IK QPyHKLii
BiJHOLIEHHS e(PEeKTUBHOTrO XiMiYHOTrO NMOTEHIialy 10 peHOPMasli3oBaHOi TeMIiepaTypu. Y poboTi OTpUMaHO
KOOPAMHATH KPUTUYHOI TOUKM, PO3PaX0OBaHO PiBHSHHS CTaHY Ta i30T€pMidHy CTUCJMBICTb B HAIKPUTHUYHIN 06J1aCTi.
BcTaHOB/IEHO HASIBHICTh MAKCMMYMIB Ha i30T€pMax CTUCIMBOCTI SIK QPYHKIUi] rycTrHU. [106y10BaHO IPOEKLiI0
KpUBOI, 1110 BiAIOBiZlae UM MakKCUMyMaM, Ha IIJIOIMHY TUCK-TeMIlepaTypa. B obsacTi Temneparyp 6J1U3bKUX 1O
KPUTHAYHOI TaKy KpUBY OTOTOXHIOIOTH i3 JIiHi€0 Binoma, sika € rpaHuLielo po3iay ra3zonofioHoi Ta piguHONnonioHoi
CTPYKTYp HaAKPUTUYHOrO IJIMHY. Ha OCHOBI 3alIpONIOHOBAHOI y AUCEPTaLiliHi poOOTi MOZEsli pO3BUHYTO
TEOPETUYHUI METO[, SIKUI A€ MOXKJINBICTb B €AMHOMY MiTX0Zi 3MiliCHITY onuc (pazoBoi OBEiHKY TPOCTUX

OJIHOKOMIIOHEHTHUX CUCTEM SK y LIMPOKOMY Jialla3oHi 'yCTHMHU i TeMIlepaTypH, Tak i B KpUTHUYHIN 06J1aCTi.

2. The thesis is devoted to the development of a method for describing the first order phase transition in one-
component systems in the framework of the grand canonical ensemble. The calculations were performed using a
cell fluid model, which is generalized in the thesis to the case of continuous systems. The idea of the cell fluid
model consists in the conditional partition of the total volume of the system into a certain number of fixed size
cells. Depending on the density of the system, each of the cells contains a certain amount of particles, without
imposing any conditions on their number. The particles within one cell consider to repel each other and particles
from different cells - to attract each other. The Curie-Weiss interaction, which fails to be a function of distance
between constituents, is used as the interaction potential. Based on the method of describing the phase behavior
proposed in the thesis, for the first time an accurate calculation of the grand partition function of a continuous
system with Curie-Weiss interaction is performed, the equation of state of such a system is obtained, the cascade



of phase transitions from the phase of lower density to the phase of increasingly higher density is detected. The
regularity of decrease in the value of the critical temperature with decrease in the value of attraction relative to
repulsion is established. The above results are used to describe the phase behavior of systems with distance
dependent interaction. For this purpose, the grand partition function of a cell fluid model with the Morse
interaction potential is being calculated. The Morse potential has a Fourier transform, which allows applying the
method of collective variables. The peculiarity of calculating the grand partition function of the cell fluid model is
the introduction of a kind of a reference system. The later contains only a part of the repulsive component of the
interaction potential and also allows calculating the Jacobian of transition to collective variables. Two approaches
to the study of the phase behavior of the model are developed. The first method is common and does not depend
on the form of the interaction potential. However, it is more cumbersome, since one of its stages is intermediate
integration during the calculation of the Jacobian of transition. The second method — direct — is applicable to a
limited class of interaction potentials. It is used only when the effective interaction potential resulting from the
formation of the reference system potential from the initial potential does not change the sign. This approach
made it possible to obtain an accurate representation of the grand partition function of a system with Morse
potential in the form of an infinite cumulant series. It is established that the values of cumulants are expressed
through new special functions, which are rapidly convergent series. A characteristic feature of using a grand
canonical distribution is to obtain an equation for the bond of chemical potential and density. The thermodynamic
potential of the model is obtained, based on which the main characteristics of the first order phase transition are
calculated. The values of the critical point parameters were found, the equation of state was calculated over a wide
range of density and temperature above and below the critical point, based on which the coexistence curve and
spinodal were plotted. The thermodynamic potential in the vicinity of the critical point is also calculated with
allowance for fluctuations. The basic idea of calculating the thermodynamic potential near Tc is to include the
contributions from short- and long-wave modes of order parameter fluctuations. Shortwave modes are
characterized by the presence of renormalization group symmetry and are described by non-Gaussian measure
density. In this case, the method of renormalization group is used. The direct method of calculating
thermodynamic potential is developed in the thesis, which includes both types of modes of fluctuations (long-wave
and shortwave) in the supercritical region. A nonlinear equation relating the density and the chemical potential is
obtained and investigated. The coordinates of the critical point are obtained, the equation of state and the
isothermal compressibility in the supercritical region are calculated. The existence of maxima on compressibility
isotherms as functions of density is established. The projection of a curve corresponding to these maxima is
plotted on the pressure-temperature plane. Near the critical temperature, such a curve is identified as the Widom
line. The latter is a boundary between the gaseous and liquid structures of the supercritical fluid. Based on the
model proposed in the thesis, the theoretical method is developed, which makes it possible in frames of the single
approach to describe the phase behavior of simple one-component systems both in wide range of density and
temperature, and in the critical region.
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