O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0824U000289
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpaunii: 11-01-2024

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Topginyyk Bomogumup BikropoBuy

2. Hordiichuk Volodymyr V.

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoOBOi cHIeniaIbHOCTI: 104

HasBa HayKoBOi crneniaJbHOCTI: ®isuka Ta acTpoHOMis

FaJIy3b / ra.nysi 3HaHb. NpUPOIHUYI HAYKN

OCBiTHbo—HayKOBa nmporpama 3i CIeniaJbHOCTI: 48232 OCBiTHbO-HayKOBANPOTPAaMa TPETHOTO PiBHSI

BUIIOI OCBiTU [HCTUTYTY (Pi3nKu KOHIeHcoBaHux cucteM HAHYkpainu (104 dis3uka Ta acTpOHOMis)

Jdara 3axucTy: 04-03-2024

CneniaJbHICTh 3a OCBiTOXO: 104 ®izuka Ta acTpoHOMis

Micue p060TI/l 3a06yBaqa: IHcTuTyT isnKM KOHIEHCOBaHUX cucteM HalioHanbHOI akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 05540014

Micuesnaxo,szeﬂna: ByJ1. CBeHLiLbKOTO, 6ya. 1, JIpBiB, 79011, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYUEHOI pagH (pa30Boi creliagai3oBaHoi BY€HOI pazu). 1d 35.156.006 ID
4807

IloBHe HaﬁMeHYBaHHﬂ IOPUIHUYHOL 0CO0H: [HCTUTYT (PizsuKY KOH/IEHCOBaHUX cucTeM HarioHanbHoi

akazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05540014

Micue3HaxoaKeHHS: ByJI. CBeHLipKOro, 6ya. 1, JIpBiB, 79011, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IToBHEe HaﬁMeHyBaHHH lopn,rmquoi ocoou: [HCTUTYT Di3MKK KOHIEHCOBaHUX cucTeM HalioHanpHO]
akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 05540014

Micuesnaxo,zm(eﬂna: ByJ1. CBeHLiLbKOTO, 6ya. 1, JIbBiB, 79011, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

V. BimoMocTi npo guceprariio
MoBga guceprTaliiii: Vkpaincbka
Koau TeMaTHYHHX PYOPHK: 29.17, 29.17.19, 29.03.77

Tema gucepranii:
1. BazucHa cucrema B Teopii IVINHIB: Bifl IPY>XHUX cdep N0 M'SIKUX cPep 3 KOPOTKOCSDKHUM NPUTSITAHHIM

2. Reference system in the theory of fluids: from hard spheres to soft spheres with a short-range attraction

Pedepar:

1. Incepranifina po60Ta IpUCBIYeHa Po3po0Li peanicTUIHOi 6a3MCHOI CUCTEMH, SIKa IOITyCKAE TEOPETUYHE
TPaKTyBaHHS BKJIIOYHO 3 MO>KJIMBICTIO aHAJIITUYHOTO OIKCY, 3 METOI0 BUKOPUCTAHHS B METO/Ii Teopii 30ypeHb 1jis
1106y 10BY MiKPOCKOIIYHOI MOJIEKYJISIPHOI TeOPii NPOCTUX, HeACOLiaTUBHUX IIJIMHIB Y IIMPOKOMY Jlialla3oHi
TEPMOJAUHAMIYHUX I1apaMeTpiB. HasgBHICTb Takoi TeOpii [J1s IUVIMHIB € OJHI€I0 i3 HANTOJIOBHIMNX LiJIel ITPUKJIAIHO]
moJiekynspHoi ¢isuku. Teopis Ban gep Baanbca (vdW) Bepiue 3anexiapyBada, o piBHSIHHS CTaHy IIPOCTOTO
IIJIMHY MICTUTD JIBa BHECKU - OJIMH BiJ] BUKJIIOUEHOTO 00'eMy, a IpyrUil BiJl eHeprii AajeKOCSKHOTO pUTAraHHs. s
imocrpauii cBoei Teopii Ban nep Baanbc BUKOpUCTAB HAUIIPOCTIIY MOJIEJIb, SIKa 337,0BOJIbHSJIA YMOBI iCHYBaHHS
BUKJIIOUEHOTO 00'eMy - cucTeMy NpykHUX cdep (HS) i Bukopucras a4 ii onnucy HallpocCTillle piBHSIHHS CTaHy.

Tinpky npu6IM3HO Yepe3 MMiBTOpa CTOJITTS CTajIo 3pO3yMisio, 110 Teopist vdW Mae cTpore CTaTUCTUKO-MexaHiyHe



OOrpyHTYBaHHSI SK Ieplle HabIVDKEeHHS TeEpMOIMHAMIYHOI Teopii 30ypeHs LIBaHuira. basucHa cucrema HS y Teopii
30ypeHb LIBaH1lira i JOJaHOK BUKJIIOUEHOT0 00'eMy B piBHSHHI cTaHy vdW 6ynu oToTOXHEHi. TOuHiCTh Teopii
30ypeHb CyTTEBO NOTipUIyeTHCS OPa3y, KO 1isl IOAIOHICTh BTpadyaeThCsl. TUIIOBUMU yMOBAaMHU, KOJIU 1ie
BiZiOyBa€eThCSI, € MaJjli FyCTUHU i HM3bKi TemnepaTypu. Ha naHuii 4ac cTano 3po3yMiluM, 0 CHOBHUM JKEPEJIOM
LMX NPo6JeM € 6a3iCHa CUCTeMa 3 KOPOTKOCSDKHUM BiIITOBXYBAHHSIM Ta MOZEJIb IIPY>KHUX cdep, gKa
BUKOPUCTOBYETbCA 1714 ii onucy. Ha mpoTusary 1o TepMOAMHAMIYHUX BIACTUBOCTEN, IMHAMIYHI BJIACTUBOCTI MIJINHY
IIPY>XHUX cep, 30KpemMa, IIolepevyHa KoJIeKTUBHA IMHaMiKa € 3HaYHO MEeHIIE [0CiIkeHuMu. ToMmy B
IucepTaliiiHill poboTi 6yJ10 IPOBENEHO MOJIEKYJIIPHO-IuHaMiuHe (MD) nocifgskeHHs KOJeKTUBHUX 30YIKEHb Y
IIJIMHI IPY>KHUX cep y LMPOKOMY Janas3oHi rycTuH. OKpiM 0OMe>KeHb, SIKi IJIMH NPYKHUX cep, byayuu
BHMKOPHCTOBYBAaHMM SIK 6a3MCHA CUCTEMa, HaKJIaJjae Ha TEPMOJIMHAMIUHI BJIaCTUBOOCTI JOCIiIPKyBaHOi CUCTEMH,
0yJ10 TaKOX BUSIBJIEHO CYTTEBI BiJIMiHHOCTI Y KOJIEKTMBHIN JMHAMIlli TaKOrO IJIMHY Y TIOPiBHAHHI 3 IIJIMHOM M'SKUX
coep. yxe crenndiuHO0 0COOINBICTIO TBEPAOCPEPHUX IIJIMHIB € 3pOCTAHHS CIIiBBiIHOIEHHS TUTOMHUX
TeIJIOEMHOCTEH 3i 36i/IbLIIeHHSIM I'YCTHHHY, 110 BinoOpaskae IOCUJIEHHS 3B'S13Ky MIXK B'SI3KUMU Ta TEIJIOBUMU
IIpoLiecaMy, NPOYKYIOUX CUJIbHIIINI BIIJIMB TEIJIOBUX (PJIYKTYyalliil HA AUCIEPCiIO O340BKHIX KOJEKTUBHUAX
30ymkeHb. HaBnaky, pocTi piguHy i, BinnosigHo, 6a3ucHa cCUCTeMa 3 M'SIKUM BiIIITOBXYBaHHSM MaiOThb
BiJHOLIEHHS MUTOMUX TEIJIOEMHOCTE, 110 3MEHIIYETHCS 3i 301/IbIIEHHSIM I'YCTUHU cucTeMU. [Topsiz 3 LM, 171 BCiX
IOCTiI)KYBaHUX I'YCTUH MU OTPYMaJIX JUCIIEPCilo NI03[0BXHIX KOJIEKTUBHUX 30y I’)KeHb 0€3 TUIIOBOI /1715 IIJIMHIB 3
M'IKMM KOPOTKOCSIKHUM BiIIITOBXYBaHHSIM «ITIO3UTUBHOI 3ByKOBOI Aucmnepcii». HaBnaku, cocrepiranocs
HETraTUBHE BiIXUJIEHHS BiJ JIIHIMHOIO riAPOAMHAMIYHOIO 3aKOHY JUCIIEPCii, [0 MOXKHA [MOSICHUTH CUJIBHUM
BHECKOM TeIIOBUX (PJIyKTyaLiil. ¥ po60Ti 3alIpOIIOHOBAHO OpUTiHAIbHY (PYHKIIOHANBHY (POPMY ITAPHOTO
NoTeHI1jay 6a3MCHOI CHUCTEMU 3 KOPOTKOCSPKHUM BifIITOBXYBaHHSIM TUlly Bikca-YUannnepa-Annepcena (WCA), ske
Ha YMOBax HENEePEePBHOCTI JONOBHEHO HIBUMKO 3aracaloduM KOPOTKOCSKHUAM MIPUTATAHHSIM Y BUTJIAI CYMU JBOX
exkcrioHeHT FOkaBu (Y). Y SIKOCTi KpUTEPiio KOPOTKOCSKHOCTI BUKOPUCTAHO Pajiiyc repuioi KooparHaliiHoi chepu
(FCS), 3HaueHHs SIKOTo OLiHEHO i 3HalieHO 3 N0JI0KeHHSs nepiioro Minimymy RDF nnuny Jlenappa-/>xonca (L)) pais
BUIIA/IKy 3Ha4Y€Hb I'YCTUHMU i TEMIIEPATYPU Y TUIIOBIM PifKii ¢asi. 3anponoHoBaHa 6a3MCHA CUCTEM 3
KOPOTKOCSDKHMM IIPUTSITAHHSIM JOCJIiIKEHA Ha IPeAMET iCHYBaHHs (ha30BOro rnepexomny napa-piguHa. OTpumaHe
3HaueHHs 0.55 6e3po3MipHOi KPUTHUYHOI TeMIiepaTypy 6a3MCHOI CUCTEMHU 3HAXOUTHCS HIDKYE Bifl 6€3p03MipHO]
TpuUKpUTU4YHOi Temneparypu 0.661 imHy L], 10 € BaXINBOIO HEOOXiJHOIO IEPENYMOBOIO 10 6a3UCHOI CUCTEMU
KJIaCy NPOCTUX IIMHIB B 1iisiomy. [TokazaHo, mo RDF 6a31cHOi cuCTeMU 3 KOPOTKOCSKHUM NPUTSITAHHSIM HalKpalle
3 ycix iHmux Mmogereii 6a3ucHoi cucremu BifgTBopioe FCS mnny L] B umpoKomy Aiarna3oHi TepMOgMHAMIYHUX
CTaHiB, BKJIIOYHO 3 [ialla30HOM MaJIMX I'YCTUH T4 HU3bKUX TEMIIEPATYP. PO3pax0BaHO TpHU MEPIIMX BipiaJIbHUX
KoedilieHTH 6a31CHOi CUCTEMU 3 KOPOTKOCSDKHUM NPUTSTAHHSM i IOKa3aHOo ix SKiCHY NOJiOHICTh 1O BiAIOBITHUX
BipiasibHUX KoedillieHTiB BUXifHOro InHYy L].TIOpiBHSIHHS OTpUMaHUX PE3yJbTaTIiB 1JI (PaKTOpa CTUCIUBOCTI
inmocTpye, 1110 BKJIIOUYEHHS 10 6a3MCHOI CUCTEMU BCiX B3aeMoiil B paniyci FCS, no3Bosisie oTpumMarty pesysbTar
IOCUTb 106p€e HabIM>KEHUH 10 Ioro 3HaY€HHSI 171 BUXiTHOro IKHY LJ. Buxons4u 3 yMOBU piBHOCTI TeMIIEpaTyp
Boiins, cpopmyIbOBaHO KpUTEPIl AJ1s1 CIIBCTABJIEHHSI CUCTEMU TBEPAUX cdep 3 NpuTsaraHHsam IOkasu y
BiATIOBiIHICTh 10 po3p006JIeHO] y AucepTaliliHill po6OTi 6a3MCHOI CUCTEMU 3 KOPOTKOCSIKHUM MPUTSATaHHSIM.
Po3ry1iHyTO MOXJIMBICTh BUKOPUCTAHHS 1IbOI'O KPUTEPIIO 3 METOIO [100Y10BU aHAJIITUYHOIO OIIUCY
T€PMOJVMHAMIYHUX BJIACTUBOCTEN 3alIPOIIOHOBAHO] 0a3MCHOI CUCTEMU 3 KOPOTKOCSIKHUM ITPUTSITAHHSIM,
CKOPHMCTABIINCh BX€ iCHYIOYMMU B JIiT€paTypi aHATITUIHUMU PE3YJIbTaTaAMU B PaMKax CepegHbOCHEPUYHOTO

HabskeHHs (MSA) niis cuctemu TBepAux cdep 3 nputaraiHam IOkasu.

2. The dissertation work is devoted to the development of a realistic reference system, which allows theoretical
interpretation, including the possibility of analytical description, with the aim of using in the perturbation theory
approach to build a microscopic molecular theory of simple, non-associative fluids in a wide range of
thermodynamic parameters. The availability of such a theory for fluids is one of the main goals of applied
molecular physics. Van der Waals (vdW) theory first declared that the equation of state of a simple substance
contains two contributions - from the excluded volume and from the energy of attractive forces. To illustrate his
theory, van der Waals used the simplest model of a molecule that satisfied the condition of the existence of an



excluded volume - a hard sphere, and used the simplest equation of state for this model. Only about a century and
a half later it became clear that the vdW theory has a rigorous statistical-mechanical justification as a first
approximation of the thermodynamic perturbation theory. The reference system of hard spheres in the Zwanzig
perturbation theory and the excluded volume term in the vdW equation of state were identified. Typical conditions
where this occurs are low density and temperature, or conditions around the critical point vicinity. The main
source of these problems is the reference system with short-range repulsion and the hard sphere model used to
describe it analytically. In contrast to the thermodynamic properties, the dynamic properties of the hard-sphere
fluids, the high-frequency transverse dynamics, are much less studied. Therefore, an MD study of the hard-sphere
fluids in a wide range of densities was carried out. In addition to the limitations that the hard-sphere fluid, being
used as a reference system, imposes on the thermodynamic properties of the studied system, significant
differences in the collective dynamics of such a fluid in comparison with the fluid of soft spheres were also found.
A very specific feature of hard-sphere fluids is the growth of the ratio of specific heat capacities with increasing
density, which reflects the strengthening of the connection between viscous and thermal processes, producing a
stronger influence of thermal fluctuations on the dispersion of longitudinal collective excitations. On the contrary,
simple fluids and, accordingly, the reference system with soft repulsion have a ratio of specific heats that
decreases with increasing system density. Along with this, for all values of the packing fraction, we obtained the
dispersion of the longitudinal collective excitations without the "positive sound dispersion" typical of a liquid with
soft short-range repulsion. On the contrary, a negative deviation from the linear hydrodynamic law of dispersion
was observed, which can be explained by a strong contribution of thermal fluctuations. An original functional form
of the pair potential of the reference system with WCA-like short-range repulsion is proposed, which, under
continuity conditions, is supplemented by a rapidly decaying short-range attraction in the form of the sum of two
Yukawa exponents. As a short-range criterion, the FCS radius was used, the value of which was estimated from the
position of the first minimum of the radial distribution function (RDF) of the LJ fluid in a typical liquid phase. The
reference system with short-range attraction was investigated for the existence of a vapor-liquid phase transition.
The obtained value of 0.55 of the dimensionless critical temperature of the reference system is lower than the
dimensionless tricritical temperature of 0.661 of the LJ fluid, which is an important prerequisite for the reference
system of the class of simple flows in general. It is shown that the RDF of the reference system with short-range
attraction better than all other models of the reference system reproduces the FCS of the LJ fluid in a wide range
of thermodynamic states, including the range of low densities and low temperatures. The first three virial
coefficients of the reference system with short-range attraction are calculated and their qualitative similarity to
the corresponding virial coefficients of the LJ fluid is shown. A comparison of the obtained results for the
compressibility factor, illustrates that the inclusion of interactions acting within the FCS into the reference system
allows obtaining a result sufficiently close to its value for the initial LJ fluid. Based on Boyle temperature equality, a
criterion is formulated for comparing the system of hard spheres with Yukawa attraction to the proposed
reference system with short-range attraction. The possibility of using this criterion in order to derive an analytical
description of the thermodynamic properties of the proposed reference system with short-range attraction was
considered, using the results already available in the literature for the system of hard spheres with Yukava
attraction.
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