http://imath.kiev.ua/~topology/conf/agma2017/




Chairman: Prishlyak A.
(Kyiv, Ukraine)
Balan V.
(Bucharest, Romania)
Banakh T.

(Lwiv, Ukraine)
Fedchenko Yu.
(Odesa, Ukraine)
Fomenko A.
(Moscow, Russia)
Fomenko V.
(Taganrog, Russia)
Glushkov A.
(Odesa, Ukraine)
Haddad M.

(Wadi al-Nasara, Syria)
Herega A.

(Odesa, Ukraine)
Khruslov E.
(Kharkiv, Ukraine)
Kirichenko V.
(Moscow, Russia)
Kirillov V.

(Odesa, Ukraine)
Konovenko N.
(Odesa, Ukraine)

Li1sT OF TOPICS

Algebraic methods in geometry

Differential geometry in the large

Geometry and topology of differentiable manifolds
General and algebraic topology

Dynamical systems and their applications
Geometric problems in mathematical analysis
Geometric and topological methods in natural sciences
History and methodology of teaching in mathematics

ORGANIZERS

The Ministry of Education and Science of Ukraine
Odesa National Academy of Food Technologies
The Institute of Mathematics of the National Academy of Sciences of Ukraine
Taras Shevchenko National University of Kyiv
The International Geometry Center

PROGRAM COMMITTEE

Maksymenko S.
(Kyiv, Ukraine)
Matsumoto K.
(Yamagata, Japan)
Mashkov O.
(Kyiv, Ukraine)
Mykytyuk 1.
(Lwiv, Ukraine)
Milka A.
(Kharkiv, Ukraine)
Mikesh J.
(Olomoue, Czech Republic)
Mormul P.
(Warsaw, Poland)
Moskaliuk S.
(Wien, Austri)
Panzhenskiy V.
(Penza, Russia)
Pastur L.
(Kharkiv, Ukraine)
Plachta L.
(Krakov, Poland)
Pokas S.

(Odesa, Ukraine)
Polulyakh E.
(Kyiv, Ukraine)

Rahula M.
(Tartu, Estonia)
Sabitov I.
(Moscow, Russia)
Savchenko A.
(Kherson, Ukraine)
Sergeeva A.
(Odesa, Ukraine)
Strikha M.
(Kyiv, Ukraine)
Shvets V.
(Odesa, Ukraine)
Shelekhov A.
(Tver, Russia)
Shurygin V.
(Kazan, Russia)
Vlasenko 1.
(Kyiv, Ukraine)
Zadorozhnyj V.
(Odesa, Ukraine)
Zarichnyi M.
(Lwiv, Ukraine)
Zelinskiy Y.
(Kyiv, Ukraine)



ADMINISTRATIVE COMMITTEE

Egorov B., chairman, rector of the ONAFT;

Povarova N., deputy chairman, Pro-rector for scientific work of the ONAFT;

Mardar M., Pro-rector for scientific-pedagogical work and international communications of the
ONAFT;

Fedosov S., Director of the International Cooperation Center of the ONAFT;

Volkov V., Director of the Educational Research Institute of Mechanics, Automation and Com-
puter Systems named after P. M. Platonov;

Bukaros A., Dean of the Faculty of automation, mechatronics and robotics

ORGANIZING COMMITEE

Kirillov V. Hladysh B. Maksymenko S.
Konovenko N. Nuzhnaya N. Khudenko N.
Fedchenko Yu. Osadchuk E. Cherevko E.



50

Finiteness of pretangent spaces at infinity
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Let (X, d) be an unbounded metric space, p be a point of X and 7 = (r,)nen be a scaling sequence of
positive real numbers tending to infinity. Denote by X o 7 the set of all sequences & = (2, )neny C X for
7 d(zn,p)

each of which li_>m d(zn,p) = oo and there is a limit dp(Z) = lim -

n—00
Define the equivalence relation = on X 7 as

(=9 & ( lim
n—o00 T

Let QX be the set of equivalence classes generated by = on X .7 We shall say that points o, 5 € Q
are mutually stable if for T € av and § € [ there is a finite limit

pla, B) := lim M

n—oo Tn

(1)

Let us consider the weighted graph (Gx.r,p) with the set of vertices V(Gx7) = QX ;, the edge set

E(Gx ) such that

OO'I"

({u,v} € E(Gx 7)) < (uwandvare mutually stable and u # v),
and the weight p : E(Gx ;) — R" defined by formula (1).

Definition 1. The pretangent spaces (to (X, d) at infinity w.r.t. 7) are the maximal cliques of (Gx 7, p)
with metrics defined by (1).

Recall that a cligue in a graph G is a set A C V(G) such that every two distinct points of A are
adjacent. A mazimal clique in GG is a clique C' such that the inclusion

V(C) cV(4)

implies the equality V(C) = V(A) for every clique A in G.
We study the conditions under which pretangent spaces are finite.
For natural n > 2 define the function F}, : X — R by the rule

min d(itk,p) [T dl@gz)
1<k<n <h<i<n .
1L(n—l)+1 lf (.’131, 7$n) 7£ (p7 "'7p)7
o 2
Fn(.’El, ) xn) = < max d(rk,p)>
1<k<n

0 if (x1,...,2n) = (D, ..., P)-

Theorem 2. Let (X,d) be an unbounded metric space, p € X and let n > 2. Then the inequality

X X
‘QOOJ:) < n holds for every pretangent space 4, ; C Q 7 if and only if

lim  F,(z1,...,2,) = 0.

T1,...,Tp—>00

Note that for every unbounded metric space (X, d) there is a pretangent space Qg(o # consisting at least
two points.
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Let (ng)ken C N be an infinite and strictly increasing sequence. Denote by 7 the subsequence (ry, )ken
of the scaling sequence 7 = (7, )nen and, for every & = (2 )nen € Xoo,7, Write &' := (2p, )ren. It is clear
that ci;/(fc’) = ci;(fc) for every I € X'ooﬂ:. Moreover, if § € Xoo’,: and there is li_>m w, then

n—oo n
k—ro0 Tny, n—00 Tn
Consequently, the map 7’ : Qfoi — Qg(o,i" with 7'(a) = {(Zn, )ken : (Tn)nen € a} is an embedding of
(Gx, p) in (Gx,p), i.e. if v and u are adjacent in Gx 7, then 7'(v) and 7'(u) are adjacent in Gx
and p({u,v}) = p({7’(u), 7'(v)}). Hence, n'(C) is a clique in Gx  if C'is a clique in Gx ;.
Definition 3. A pretangent space QX . is tangent if 7/ (QX

00,T 00,T
infinite, strictly increasing sequence (ny)ren C N.

) is a maximal clique in Gx  for every

Theorem 2 gives us a condition under which all pretangent spaces QX . are finite. Let us consider
now the problem of existence of finite tangent space.

Definition 4. Let E C RT. The porosity of E at infinity is the quantity

l(co,h, E
p(F,00) := lim sup Hoo, h, )
h— 00 h
where (00, h, E) is the length of the longest interval in the set [0, h] \ E. The set E is strongly porous at
infinity if p(E, c0) = 1.

The standard definition of the porosity at a point can be found in [3].
Let (X,d) be a metric space and let p € X. Write S,(X) := {d(z,p) : z € X}.

Theorem 5. Let (X, d) be an unbounded metric space, p € X. The following statements are equivalent:
(i) The set Sp(X) is strongly porous at infinity;

There is a single-point, tangent space Qfoﬂ:;
X
00,77
X

00,7

)

(iii) There is a finite tangent space Q
) There is a compact tangent space 2
)

There is a bounded, separable tangent space Qiii'

Some results similar to Theorem 2 and Theorem 5 can be found in [1] and [2] respectively.
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