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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
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IV. BizomocTi ripo miznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: KuiBchKuil HauioHaIbHMI YHIBEpCHUTET iMeHi Tapaca
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V. BizomocTi npo guceprariio
Moga guceprariii:
Koau TeMaTHYHHX PyOPHK: 27.35.49

Tema guceprauii:
1. JocaigkeHHd MOTEeHIialiB B3aeMOii HaACTIMKUX Ta CUJIbHO HAJICTINKUX CTATUCTUYHUX CUCTEM

2. Research of interaction potentials of superstable and strong superstable statistical systems

Pedepar:

1. BCcTaHOBJIEHO TICHUI 3B'I30K MIXK JOCJIIKEHHAM IOCTATHIX KPUTEPIiB CTIMKOCTI B3a€MO/ii HECKIHYEHHUX CUCTEM
i KJIaCMYHOIO Teopiero MiHiMi3ylounx Mip B Teopii noreHuiany. 3po61€HO OISl OCHOBHUXPE3YJIbTATiB B Cy4aCHIl
Teopii noteHuiany. OTpMMaHO HOBI JOCTATHI KpUTEPii CTIMKOCTI, HAZCTIMKOCTI Ta MOCUIJIEHOI HAACTIMKOCTI 1J1s1
B32€MO/Iii, 1110 BU3HAYAEThCS JBOYACTMHKOBUM IOTEHIIialoM. BCTaHOBIEHO TOYHI 3HaU€HHS KOHCTAHT Ta iX
3aJIEXKHOCTI Bifl TapaMETPiB, 10 XapaKTEPU3YIOTh MIOTEHIiall B3aemoil. OTpUMaHO IOCTATHIN KPUTEPIN CTIMKOCTI,
HAJCTIKOCTI Ta MOCUJIEHOI HalICTIMKOCTI y BUNaIKy 6araToyacTUHKOBOI B3aemoyii. [IpoaHasnizoBaHo npukiag cim'i
0araToyaCTMHKOBUX [IOTEHLiaIiB, sIka BU3HAYA€ HAJl CTilIKy B3a€MOIIO i IKMI Mae 6e310cepejHe 3aCTOCYBaHHS B

MOJIEKYJISIPHIN ¢i3nlli. BBe1eHO NPHMHLINIIOBO HOBE MOHATTS KBa3irpaT4acToi allpOKCUMallii HeIIEPEPBHUX CUCTEM



L7151 TUCKY, KOpe-JIALiMHUX (YHKIi B 0OMEKEHOMY 00'eMi Ta KOPESILiHUX (PYHKLiI HECKIHYEHHUX CUCTEM.
JoBeneHo, 1110, 32 YMOBHU [10CHUJIEHOI HAZCTIMKOCTI B3aeMoii, Lii HOBi BBelleHi QYHKIiI3 Oyib-SIKUM CTyIIEeHEM
TOYHOCTI HabIMKAIOTh KJIACUYHI TUCK, KOPeJIsiLifHI QyHKIIii B 0OMeXeHOMY 06'eMi Ta KOpeLiiHi QyHKILi

HECKiHU€HHMX CUCTeM (OCTaHHIl pe3ysbTaT --- JILIE [JI1 JOCTaTHbO MAJIMX 3HAUY€Hb XiMIYHOI aKTUBHOCTI Z).

2. A short sketch of main notions of an equilibrium statistical mechanics, which are connected with the
construction of Gibbs measure in the fixed volume and on the space of infinite configurations, is given. A short
overview of works of predecessors concerning the criteria of stability, superstabilty and strong superstability is
also proposed. Connection between the conditions of stability, superstabilty and strong superstability of pair
interaction and the existence of at least one Gibbs state has been analyzed. There has been established a close
connection between the research of sufficient conditions of stability of interaction of infinite systems and a
classical theory of minimizing measures on compact sets. It is shown in the following way: the partition of the
space into non-intersecting hypercubes is introduced; then the energy of a fixed configuration of particles can be
divided into two parts, one of them is the interaction between the particles inside each separate cube, and another
one is the interaction between the particles from different cubes. The first sum can be estimated from below by a
minimal energy of a fixed number of particles in the hypercube. A complete survey of the previous results
concerning this subject in the classical and modern potential theory is given. New sufficient conditions of stability,
superstability and strong superstability of interaction, which is defined by pair potential, are obtained. The main
advantage of these criteria in comparison with the previous results in Dobrushin's and Ruelle's works is that the
new exact values of the constants and their dependencies on the parameters, which define the interaction
potential, are proposed. It was shown, that if the pair potential is of Lenard-Jones type (on small distances this
potential is of Riesz type and it satisfies the integrability condition) then the constant in the condition of stability
does not depend on the value of parameter a of the partition of the space into hypercubes. In the case of many-
body interaction the sufficient condition of stability, superstability and strong superstability is also given. This
criterion refers to the situation, when the pair interaction is supposed to be stable, superstable or strong
superstable and the parts of the total energy contributed by SpS-body potentials (p>2) are positive and decreasing.
It takes into account the traditional concept, that in some sense p-body potential plays less importantpart in the
energy of interaction than p-1-one. While proving this result the new lower bound for the part of the total energy,
which is defined only by SpS-body potential, is proposed. Several new notions are pre-sented to formulate this
criterion. They can be used either to prove other similar criteria or to estimate the coefficients in the conditions of
superstability or strong superstability. There has been investigated an example of the family of many-body
potentials, that ensures superstable interaction and has immediate application in molecular physics. It generalizes
the well-known Lenard--Jones pair potential on many-body case. The one-dimensional case is considered
separately. Some obtained estimates in this case are exacter than in many-body situation. The exact values of the
coefficients in this example are proposed. These sufficient criteria of stability, superstability and strong
superstability can be used in the case of classical equilibrium continuous system to construct Gibbs measure
either in finite volume or on the space of infinite configurations, when the interaction is defined both the pair
potential or the family of many-body potentials. The totally new concept of quasilattice approximation of
continuous systems for a pressure, correlation functions in the fixed volume and correlation functions of infinite
systems is introduced. The main point of this approximation consists in the idea, that in the expressions for the
basic characteristics of the system integration is carried out not over all space of configurations, but only over
those configurations, which contain for the given partition of the space into hypercubes not more than one
particle in each cube. The equations of Kirkwood--Salzburg type for the family of approximated correlation
functions are obtained and the question about the existence of its solutions in the form of convergent in one of the
specially defined spaces series is analyzed. It is proved, that if the condition of strong superstability holds, then
these recently defined functions approximate with any accuracy the classical pressure, correlation functions in the
fixed volume and correlation functions of infinite systems (the last result is true only in the region of small values
of a chemical activity z). The result for the correlation functions of infinite systems is proved using the method of
mathematical induction, technique of Kirkwood-Salzburg equations and one technical lemma. In the theorems,



which are connected with quasilattice approximation the interaction is defined only by pair potential. Such an
approximation helps to generalize some results in the case of lattice gas on the case of classical continuous
systems. It contains also the transition parameter, that is the length a of an edge of an arbitrary cube from the
partition of the space and ensures the connection between the lattice and continuous cases. It is especially
important, because there are many results in the theory of lattice systems and very few for continuous ones.
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PeuenseHTn
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